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Abstract 

Background: Metabolic syndrome (MetS) elevates the risk of developing cardi-

ovascular diseases and type 2 diabetes., driven by insulin resistance (IR), inflam-

mation, and metabolic dysregulation. The PI3K/AKT pathway shows a key part 

in glucose and lipid metabolism. Alirocumab, a PCSK9 inhibitor, lowers LDL-C 

and improves IR but may cause hepatotoxicity. Aims: This study examines ali-

rocumab’s effects on dexamethasone-induced MetS in rats, focusing on its meta-

bolic benefits and potential liver toxicity. Methods: Over 30 days, 40 male Al-

bino rats were distributed into control, Alirocumab, Dexamethasone, and Dexa-

methasone+Alirocumab groups, with the latter receiving Dexamethasone to in-

duce metabolic syndrome followed by Alirocumab administration. Results: Dex-

amethasone significantly reduced body weight and HDL-C while increasing in-

sulin, glucose, insulin resistance, and cholesterol levels. Alirocumab mitigated 

dexamethasone-induced dyslipidemia, lowering LDL-C and total cholesterol. 

However, it elevated ALT and AST levels, suggesting potential hepatotoxicity. 

Reactive oxygen species and inflammatory markers (IL-4, IL-6) increased with 

alirocumab and dexamethasone. Histopathological analysis revealed immune cell 

migration and decreased RXR-α with increase in p-AKT expression in Dexame-

thasone group. A significant rise in RXR-α and p-AKT expressions were ob-

served in the Dexamethasone/Alirocumab group compared to the Dexamethasone 

group. These findings indicate that alirocumab may counteract dexamethasone-

induced metabolic syndrome but has liver-related effects. Conclusions: Aliro-

cumab mitigates dexamethasone-induced metabolic syndrome by improving lipid 

profile and insulin sensitivity; however, its use is associated with elevated hepatic 

enzyme levels and altered RXR-α and p-AKT expression, indicating potential 

hepatotoxic effects. 

Key words: Metabolic Syndrome X; Dexamethasone; Hepatotoxicity Aliro-

cumab; RXR-α and p-AKT 
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Introduction  

Metabolic syndrome (MetS) is a cluster of disorders 

that occur simultaneously and heighten the hazard of 

cardiovascular diseases (CVD), type 2 diabetes melli-

tus (T2DM), and dyslipidemia (1)(2). There is no un-

derlying cause for this syndrome, but there are several 

leading causes, including insulin resistance (IR), 

chronic inflammation, and neurohormonal activation 

(3)(1). 

Dexamethasone (DEXA), a synthetic glucocorticoid 

widely used for its potent anti-inflammatory and immu-

nosuppressive effects (4). But they can also lead to sig-

nificant side effects, such as insulin resistance (IR). 

This metabolic disturbance mimics the pathophysiol-

ogy of human MetS and are frequently used in animal 

models to study its underlying mechanisms and evalu-

ate therapeutic interventions. This ability to provoke IR 

makes glucocorticoids a useful tool for studying the 

mechanisms underlying metabolic diseases and testing 

potential therapeutic interventions (5).  

PI3K/AKT is the key pathway that regulates lipid me-

tabolism and glucose (6), and its imbalance contributes 

to the progress of obesity and type 2 diabetes mellitus 

(6) Akt helps keep glucose and lipid metabolism in 

check, together with other cellular responses (7). These 

processes include apoptosis, proliferation, growth, se-

cretion, and chemotaxis. The PI3K/AKT pathway plays 

a key role in numerous liver diseases, such as chemical-

induced liver damage, and is closely correlated with 

oxidative stress and inflammation (8).  

Retinoic acids (RAs) exert their physiological effects 

through two classes of nuclear receptors, the retinoic 

acid receptors (RARs) and retinoid X receptors RXR. 

(9) RXRs function as pivotal regulators of gene net-

works controlling cell proliferation, differentiation, 

survival, and apoptosis. (10) Notably, the accumulation 

of insoluble RXRα-containing droplets in hepatic tis-

sue has been proposed as a potential biomarker of liver 

injury, particularly in the context of hepatic stellate cell 

activation (11). 

Alirocumab is a proprotein convertase subtilisin/kexin 

type 9 (PCSK9) inhibitor (12). The PCSK9 inhibitor 

lowers elevated LDL-C levels and regulates glucose 

metabolism and IR. Patients with MetS have a range of 

metabolic characteristics related to PCSK9, including 

high LDL‐C levels, high blood glucose, and IR (13). 

However, the use of PCSK9 inhibitors has been related 

to hepatocyte injury, which may result in elevated se-

rum transaminase levels (14). This study hypothesizes 

that alirocumab may attenuate dexamethasone-induced 

metabolic syndrome (MetS) in rats by improving lipid 

profiles and modulating key metabolic pathways, par-

ticularly the PI3K/Akt signaling pathway, which is 

thought to play a central role in its therapeutic effects. 

However, emerging evidence indicates that PCSK9 in-

hibitors, including alirocumab, may be associated with 

hepatocyte injury and elevated serum transaminase lev-

els, highlighting the need to assess potential hepatotox-

icity. Unlike previous research that primarily focused 

on lipid-lowering effects of alirocumab in hyper-

lipidemia or atherosclerosis models, our study is the 

first, to our knowledge, to evaluate the protective role 

of alirocumab against dexamethasone-induced meta-

bolic syndrome. Moreover, this work provides novel 

mechanistic insights by exploring the involvement of 

RXR-α and p-AKT signaling pathways in mediating 

alirocumab’s metabolic and hepatoprotective effects. 

These findings extend the potential therapeutic appli-

cations of alirocumab beyond dyslipidemia to gluco-

corticoid-induced metabolic disturbances.  

2. Materials and Methods 

2.1 Ethical Approval: 

This study was accepted by the Medical Ethics Com-

mittee at Qassim University and followed to interna-

tional standards and regulations for laboratory animal 

research. The Research Ethics Committee reviewed 

and accepted the research protocol under approval 

number (24-02-07). All animals’ procedures were con-

ducted in agreement with the National Research Coun-

cil's guidelines for the attention and usage of laboratory 

animals (15). 

2.2 Drugs, Chemicals and Antibodies: 

Dexamethasone sodium phosphate  ampoules 8mg/2ml: 

(manufactured by Egyptian int. pharmaceutical indus-

tries co., egypt). alirocumab: (manufactured by Regen-

eron pharmaceuticals inc. and sanofi). praluent pre-

filled pen 75mg/1ml. All drugs were dissolved in nor-

mal saline. Mouse monoclonal antibodies against 

RXR- (Cat  sc−) and p-AKT (Cat # sc-

514032) were purchased from Santa Cruz Biotechnol-

ogy (TX, USA) 
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Figure (1) Schematic representation of the experimental design and treatment protocol. 

2.3 Animals  

Forty male Albino rats of the Sprague-Dawley strain, 

weighing among 190 and 230 grams, were used in this 

study. The animals were taken from the Animal House 

at Qassim University. They were kept at room temper-

ature under a normal light-dark cycle in appropriately 

sized cages, with five rats per cage, and provided stand-

ard laboratory food along with allowed access to water. 

All processes involving the animals were carried out in 

agreement with the Institutional Ethics Committee's 

guidelines, as well as the recommended standards for 

the attention and usage of laboratory animals. The ex-

periments were guided in full agreement with NIH 

guidelines and Saudi Arabian regulations (16). Sample 

size calculated using G-Power© software version 3.1.7 

(Institute of experimental psychology, Heinrich Heine 

University, Dusseldorf, Germany). Sample size was 

(10) rats in each group. Depending on previous re-

search results. Two sided (two tails) type I error 0.05 

and power of 80% with effect size 1.10 

2.4 Methods and Experimental Design 

Animals were stratified by body weight and then ran-

domly assigned to four main groups using a random 

number table to ensure comparable weight distribution 

across groups.  

Group 1 [control group]: Rats received ordinary diet 

and distilled water daily by oral route and normal saline 

via intraperitoneal injection for 4 weeks; group 2 [Dex-

amethasone group]: Rats were treated with dexame-

thasone sodium phosphate 1 mg/kg body weight via in-

traperitoneal injection daily for 4 weeks (17). Group 3 

[Alirocumab group]: Rats were treated with alirocumab 

10 mg/kg/week via intraperitoneal injection for 4 

weeks (18). Group 4 [Dexamethasone and Alirocumab 

Group]: Dexamethasone sodium phosphate (1 

mg/kg/day, i.p.) was administered to induce metabolic 

syndrome and continued throughout the experimental 

period concurrently with alirocumab (10 mg/kg/week, 

i.p.) for four weeks. Figure (1) Drugs injection volumes 

were adjusted weekly based on measured weights to 

ensure accuracy. Metabolic syndrome was induced by 

10 days of dexamethasone administration. Measure-

ments obtained on day 10 were considered baseline val-

ues prior to the initiation of alirocumab treatment. This 

study was designed as an induction–treatment model, 

with dexamethasone representing the induction phase 

and alirocumab representing the treatment phase. 

2.5 Measurement of body weight: 

The body weight of all animals was measured at the 

start and the end of the experiment.  
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2.6 Sample collection: 

Blood Sampling was performed at two points during 

the experiment: on day ten and at the end of the study. 

On day ten the experimental rats were anesthetized via 

intraperitoneal injection of thiopental sodium at a dose 

of 50 mg/kg. Blood samples were collected from facial 

veins into tubes and allowed to coagulate for 20 

minutes. Serum was then separated by centrifugation at 

3000 rpm for 15 minutes and stored at -80°C until bio-

chemical analysis (19)(20)(21). At the end of the ex-

periment, animals were humanely euthanized by intra-

peritoneal injection of thiopental sodium overdose (150 

mg/kg). Blood samples were collected immediately via 

cardiac puncture into plain tubes (22) For histological 

assessment, liver specimens were excised immediately 

after collection and immersed in 10% neutral buffered 

formalin for 48 hours to ensure proper fixation. Follow-

ing tissue collection, animal carcasses were disposed of 

by incineration at the College of Veterinary Medicine, 

Qassim University.  

2.7 Biochemical analysis: 

The serum levels of the lipid profile (total cholesterol, 

triglycerides, HDL, and LDL) as well as liver function 

tests (ALT, AST, ALP, total protein, and albumin) 

were measured using commercially available diagnos-

tic kits. The kits were provided by the Crescent Diag-

nostics Test, KSA and Diagnostica mbH, Wiesbaden, 

Germany LOT: 23010, 23007, 23006, 23002 through a 

spectrophotometric method, following the manufactur-

ers' guidelines. Blood glucose levels were measured us-

ing a glucose meter (accu-check, Roche Diabetes 

Care). Comparison of insulin resistance measured by 

HOMA (Homeostasis model analysis) (23). 

2.8 Enzyme-Linked Immunosorbent Assay (ELISA) 

for Blood Analysis: 

Measuring IL-6, IL-4, ROS were analyzed using the 

ELISA technique for their quantitative determination 

agreeing to the manufacturer's instructions and the 

samples absorbance was measured at wavelength 450 

nm. The concentration of the samples was determined 

using the standard curve. The determination of IL-6 

and IL-4 levels were measured using sandwich enzyme 

immunoassays from Cloud-Clone Corp (TX, USA). Fi-

nally, the serum level of ROS levels was measured 

using a sandwich enzyme immunoassay from ABclonal 

(MA, USA). Mouse monoclonal antibodies against 

RXR-a and p-AKT were obtained from Santa Cruz Bi-

otechnology (TX, USA). Goat anti-mouse Cyanine red 

(Cy3) or Alexa 488 conjugated goat anti-mouse sec-

ondary antibodies were purchased from Invitrogen 

Thermo Fisher Scientific (San Francisco, CA, USA) 

LOT: L131205128, L131205125. 

2.9 liver sectioning and staining for histopatholo-

gical Analysis: 

The liver tissues were immersed in formalin 10 % so-

lution and fixed in paraffin blocks. Tissues imbedded 

in paraffin were dehydrated using gradient alcohol con-

centrations (50%, 70% for 24 hours, 90%, and 100% 

for 12 hours) and then defatted in xylene for two hrs. 

Serial sections of tissues, each 4 μm thick, were cut out 

for H&E and immunofluorescence techniques. Slides 

were kept in oven (60℃) for 20 min to melt paraffin, 

deparaffinized by dipping in xylene and gradually hy-

drated using graded alcohol concentration and finally 

in distilled water. The sections were boiled with Dako® 

citrate buffer (pH 6.0) in the microwave at 500 Watt for 

20 min. to retrieve the antigens and allowed to cool 

down to room temperature. Slides were rinsed with 

washing solution (0.05% twin in phosphate buffered 

saline) and fixed with methanol for 10 min using dark 

humidified chamber. After washing, slides were 

blocked using blocking solution (1% BSA, 10% horse 

serum and 1% in PBS) for 1 hour at room temperature. 

Sections were incubated for 3 hours at 37°C followed 

by overnight at 4°C with the appropriate primary anti-

bodies including mouse monoclonal antibody against 

RXR-  (dilution 1:200) and p-AKT (dilution 1:150). 

After washing, the slides were incubated at 37ºC for 30 

min with goat anti-mouse Cyanine red (Cy3) or Alexa 

488 conjugated goat anti-mouse secondary antibodies. 

The slides were washed again and incubated with 4',6-

diamidino-2-phenylindole (DAPI) for nuclear counter-

staining. The slides were washed again and mounted 

with coverslips using fluoromount® mounting solution 

(DAKO, Carpinteria, CA, USA). Tissue sections were 

analyzed, and the images were captured using Leica 

fluorescence microscope (Model: Leica DM 5500B, 

Leica Microsystems, Wetzlar, Germany) using blue, 

green, and red channels. A minimum of 6 fields of each 

mice 
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Table (1): Comparison between Control and Dexamethasone groups on 10th day (n=10). 

Variables (Mean ± SD) Control Group 
Dexamethasone Group on 

day th10 

Body weight 209.8 ± 12.19 a 176.6 ± 17.06 

Insulin (mIU / ml) 2.96 ± 0.62 a 24.2 ± 1.01 

Blood glucose (mg/dL) 81.8 ± 11.51 a 141.7 ± 24.35 

HOMA-IR  0.6 ± 0.18 a 8.44 ± 1.35 

Total Cholesterol (mg / dl) 45.73 ± 6.4 a 110.12 ± 22.62 

Triglycerides (mg/ dl) 109.44 ± 18.39 126.7 ± 30.58 

High-density lipoprotein -C (mg/ dl) 37.42 ± 5.28 a 22.92 ± 3.04 

SD: Standard deviation, a: Significant at P < 0.05 as compared to control group 

section were used in fluorometric analysis of the results 

using Image-J software (NIH, USA) (24). 

2.10 Statistical Analysis: 

Data was coded and inserted using SPSS (Statistical 

Package for the Social Sciences) version 27. The data 

were summarized as Mean ± Standard Deviation 

(Mean ± SD). Comparisons among groups were per-

formed using Analysis of Variance (ANOVA) fol-

lowed by a specific post-hoc test (Tukey’s multiple 

comparisons). P-values less than 0.05 were considered 

statistically significant. The Independent Student's t-

test was used to measure the differences between the 

means of two continuous variables in unpaired groups. 

3- Results 

3.1 Comparison between Dexamethasone and Con-

trol groups on 10th day: 

This study evaluated changes in body weight, insulin 

level, blood glucose, insulin resistance, cholesterol, and 

high-density lipoprotein cholesterol (HDL-C) among 

the study groups, with statistical significance set at p < 

0.05. The results demonstrated a significant decrease in 

body weight and HDL-C levels in the dexamethasone 

group compared to the control group. In the dexame-

thasone group, there was a noteworthy increase in the 

level of insulin, blood glucose, insulin resistance, and 

cholesterol compared to the control group. However, 

no significant difference in triglycerides level was de-

tected between the studied groups. (Table 1) 

3.2 Percentage change from initial to final body 

weight among the Studied Groups: 

The results demonstrated a statistically significant re-

duction in the final body weight percentage in the 

dexamethasone group compared to its initial body 

weight (p < 0.05). Likewise, a significant decrease was 

detected in the dexamethasone/Alirocumab group rela-

tive to its initial body weight (p < 0.05) (Figure 2). 

3.3 Results of Dexamethasone, Alirocumab, and 

Dexamethasone/Alirocumab groups in Lipid Pro-

file: 

On day 30, total cholesterol level was significantly el-

evated in the dexamethasone group compared to the 

control and alirocumab groups, however the choles-

terol was a markedly decrease in dexamethasone/aliro-

cumab treated group compared to the dexamethasone 

group. The serum level of triglycerides was also signif-

icantly greater in the dexamethasone group relative to 

the control and alirocumab groups, with the dexame-

thasone/alirocumab group showing an additional in-

crease. 

HDL-C level was elevated in the alirocumab group 

compared to the control group, whereas the dexame-

thasone group showed a substantial decrease. Although 

HDL-C level in the dexamethasone/alirocumab group 

was lesser than in the alirocumab group, it stayed sig-

nificantly greater than in the dexamethasone group. 

 LDL-C level was markedly elevated in the dexame-

thasone group compared to the control and alirocumab 

groups. The dexamethasone/alirocumab group showed 

a significant reduction in LDL-C level compared to the 

dexamethasone group, though level remained greater 

than in the control and alirocumab groups. These find-

ings indicate that dexamethasone induces significant 

dyslipidemic effects, which are mitigated, at least par-

tially, by alirocumab co-administration. (Table 2) 
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Figure (2) Percentage of body weight change from Initial a: Significant at P < 0.05 as compared to initial 

Table 2: Effects of dexamethasone, alirocumab, and their co-administration on serum lipid profile param-

eters (Mean ± SD) 

 

Variables (Mean ± SD) 

 

Control Group 
Alirocumab 

Group 

Dexamethasone 

Group on 30th day  

Dexamethasone and 

Alirocumab Group 

Total Cholesterol(mg/dl) 45.73 ± 6.4 46.92 ± 4.52 a,b 167.717 ± 10.6 c53.05 ± 8.91 

Triglycerides (mg/dl) 109.44 ± 18.39 93.79 ± 11.86 a,b160.66 ± 29.57  a,b170.73 ± 19.45  

High-density lipoprotein (mg/dl) 37.42 ± 5.28 a 45.16 ± 5.95 a,b16.54 ± 4.73  b,c38.39 ± 5.59  

Low-density lipoprotein (mg/dl) 29.5±6.6 23±5.2 a,b96.6±12.3  a,b,c70.3±16.7  

SD: Standard deviation, a: Significant at P < 0.05 as compared to control group. b: Significant at P < 0.05 as compared to Alirocumab 

group. c: Significant at P < 0.05 as compared to Dexamethasone on 30th day. 

3.4 Impact of Dexamethasone, Alirocumab, and Dexamethasone/Alirocumab on Liver Function Tests: 

On day 30, significant differences were observed in alanine transaminase (ALT), aspartate transaminase (AST), 

total protein, and albumin levels among the study groups, while alkaline phosphatase (ALP) levels remained 

unchanged (Table 3). ALT level was significantly elevated in the alirocumab and dexamethasone/alirocumab 

groups compared to the control group, with the dexamethasone/alirocumab group also still showing a significant 

rise relative to the dexamethasone group. Similarly, AST level was significantly greater in the alirocumab, dexa-

methasone, and dexamethasone/alirocumab groups compared to the control group. 

AST levels in the dexamethasone group were lesser than in the Alirocumab group, while the Dexamethasone/Ali-

rocumab group displayed a significant increase compared to the Dexamethasone group. Total protein levels were 

significantly elevated in the Alirocumab, Dexamethasone, and Dexamethasone/Alirocumab groups compared to 

the Control group, with the Dexamethasone/Alirocumab group showing a further increase relative to the Dexa-

methasone group. Albumin levels were significantly greater in the Dexamethasone and Dexamethasone/Aliro-

cumab groups compared to the Control group. These findings suggest that dexamethasone and alirocumab impact 

liver function and protein metabolism, with their combined administration leading to pronounced alterations in 

these biochemical parameters. 
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Table (3): Effect of Dexamethasone, Alirocumab, Dexamethasone and Alirocumab Groups on Liver 

Function tests (n=10). 

ALT: Alanine transaminase; AST: Aspartate Transaminase; ALP: Alkaline phosphatase, SD: Standard deviation, a: Significant at P < 

0.05 as compared to control group. b: Significant at P < 0.05 as compared to Alirocumab group. c: Significant at P < 0.05 as compared 

to Dexamethasone on 30th day. 

 

Figure (3) Mean Changes in Reactive Oxygen Species (ROS pg / ml) within Treatment Groups. 

a: Significant at P < 0.05 as compared to control group. b: Significant at P < 0.05 as compared to Alirocumab 

group 

3.5 Changes in Reactive Oxygen Species (ROS) 

Among the Treated Groups: 

The analysis identified significant variations in reactive 

oxygen species (ROS) levels among the studied groups. 

Notably, ROS levels were significantly elevated in the 

Alirocumab, Dexamethasone, and Dexame-

thasone/Alirocumab groups compared to the Control 

group. (Figure 3). 

3.6 Variations of Anti \ pro-Inflammatory Markers 

(IL-4, IL-6): 

The serum level of Interleukin-4 (IL-4) levels revealed 

statistically significant differences among the study 

groups. Specifically, IL-4 levels were significantly 

higher in the Alirocumab and Dexamethasone/Aliro-

cumab groups compared to the Control group. The 

Dexamethasone group displayed a significant decrease 

in IL-4 levels relative to the Alirocumab group. Fur-

thermore, the Dexamethasone/Alirocumab group 

demonstrated a significant rise in IL-4 levels compared 

to the Dexamethasone group. (Figure 4A). Similarly, 

the analysis of Interleukin-6 (IL-6) levels indicated sta-

tistically significant increase in the Alirocumab and  
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Variables (Mean ± SD) 

 

Control Group Alirocumab Group 
Dexamethasone  Group 

on 30th day  

Dexamethasone and 

Alirocumab Group 

ALT (IU / L) 29.46 ± 7.97 a46.94 ± 12.39 40.38 ± 10.85 a,c57.38 ± 17.98  

AST (IU / L) 59.04 ± 14.08 a113.85 ± 28.88 a,b80.11 ± 18.79  a,c100.78 ± 19.83 

ALP (IU / L) 12.86 ± 3.02 16.31 ± 7.56 17.29 ± 3.36 16.27 ± 4.55 

Total Protein (g / dl) 4.56 ± 0.69 a5.927 ± 0.6 a5.73 ± 0.45 a,c 6.59 ± 1.04 

Albumin (g / dl) 3.00 ± 0.42 3.34 ± 0.31 a3.44 ± 0.26 a 3.61 ± 0.72 
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Figure (4) (A) Interleukin4 (IL4 pg / ml ) among the Studied Groups (B) Interleukin6 (IL6 pg / ml ) 

among the Studied Groups 

a: Significant at P < 0.05 as compared to control group. b: Significant at P < 0.05 as compared to Alirocumab 

group. c: Significant at P < 0.05 as compared to Dexamethasone group. 

 

 

 

 

 

 

 

 

 

 

 

Figure (5): Effect of Dexamethasone with or without Alirocumab treatment on histopathological architec-

tures in rats’ livers. Mild apoptotic nuclei (yellow arrows), Necrotic pericentral nucleus (blue arrows), intersti-

tial immune migration (red arrows). Scale bar = 50 µm 

Dexamethasone/Alirocumab groups compared to the 

Control group. (Figure 4B). 

3.7 Histopathological finding (H&E) stain: 

The control group exhibited a normal liver architecture, 

while dexamethasone treatment induced mild apoptotic 

nuclei (yellow arrows), necrotic pericentral nucleus 

(blue arrows), and interstitial immune cell migration 

(red arrows). Liver sections from animals co-treated 

with Alirocumab and Dexamethasone also 

demonstrated interstitial immune migration (red ar-

rows) (Figure 5). 

3.8 Immunofluorescence results: 

3.8.1 Expression of p-Akt in livers tissue: 

Immunofluorescence analysis (Figure 6A) demon-

strates p-AKT protein expression represented with flu-

orescence intensities quantified in the graph (Figure 

6B) and shown as a histogram (Figure 6C). Rats treated 

with Alirocumab exhibited stronger p-AKT protein 
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Figure (6) Protein expression of p-AKT in Dexamethasone and/or Alirocumab treatment in sections of rat 

livers as shown in immunofluorescence figure (A), fluorescence intensities graph (B) or shown as histogram 

(C). p-AKT protein expression in activated hepatic stellate cells of interstitial sinusoidal in pericentral area (yel-

low arrows), p-AKT protein expression in pericentral hepatocytes (blue arrows). Scale bar = 25 µm. a: Significant 

at P < 0.05 as compared to control group. c: Significant at P < 0.05 as compared to Dexamethasone group. 

expression in activated hepatic stellate cells within the 

interstitial sinusoidal region of the pericentral area (yel-

low arrows) compared to the control group. In contrast, 

the Dexamethasone-treated group exhibited dimin-

ished p-AKT protein expression in pericentral hepato-

cytes (blue arrows) relative to the Control group. Liver 

tissues from rats co-treated with Alirocumab and Dex-

amethasone demonstrated enhanced p-AKT protein ex-

pression in pericentral hepatocytes (blue arrows) com-

pared to the Dexamethasone-only group. Quantitative 

analysis indicated a significant rise in p-AKT expres-

sion in all experimental groups compared to the Control 

group, with a significantly greater rise observed in the 

Dexamethasone/Alirocumab group compared to the 

Dexamethasone group (p < 0.05). 

3.8.2 RXR-a protein expression:  

Immunofluorescence analysis (Figure 7A) illustrates 

RXR-α protein expression, with fluorescence intensi-

ties quantified and plotted in a bar graph (Figure 7B) 

and presented as a histogram (Figure 7C). The Control 

group exhibited constitutive RXR-α protein 

expressions in activated hepatic stellate cells within the 

interstitial sinusoidal region of the pericentral area (yel-

low arrows). In contrast, the Dexamethasone-treated 

group displayed a reduced RXR-α protein expression 

(yellow arrows) compared to the Control group. Liver 

tissues from rats co-treated with Alirocumab and Dex-

amethasone demonstrated RXR-α protein expression in 

pericentral hepatocytes (blue arrows). Quantitative 

analysis shown a significant reduction in RXR-α ex-

pression in the Dexamethasone group compared to the 

Control group, whereas a significant rise was observed 

in the Dexamethasone/Alirocumab group compared to 

the Dexamethasone group (p < 0.05). 

4- Discussion 

Alirocumab is PCSK9 inhibitor lowers LDL-C levels 

and regulates glucose metabolism and IR in Metabolic 

syndrome (13) (1). This study suggests that alirocumab 

may counteract dexamethasone-induced MetS in rats, 

with the PI3K/AKT pathway playing a key part in its 

therapeutic effects, while potentially causing hepato-

toxicity.
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Figure (7) Effect of Dexamethasone in the presence or absence of Alirocumab treatment on RXR-a protein 

expression in sections of rats’ livers as shown in immunofluorescence figure (A), fluorescence intensities 

were calculated and blotted (B) or shown as histogram (C). RXR-a protein expression on activated hepatic 

stellate cells in interstitial sinusoidal of pericentral area (yellow arrows). RXR-a protein expression in pericentral 

hepatocytes (blue arrows). Scale bar = 50 µm. a: Significant at P < 0.05 as compared to control group. c: Signif-

icant at P < 0.05 as compared to Dexamethasone group 

The results of the present study exhibit that dexame-

thasone administration significantly altered multiple 

metabolic parameters on the 10th day of treatment. 

Specifically, dexamethasone induced a marked in-

crease in insulin levels, blood glucose, insulin re-

sistance, and total cholesterol, while concurrently lead-

ing to a reduction in HDL-C levels. These alterations 

collectively indicate the development of metabolic syn-

drome because of dexamethasone exposure. These out-

comes are consistent with prior research by Shittu et al., 

who reported that dexamethasone treatment led to ele-

vated blood glucose levels, insulin resistance, and a sig-

nificant rise in total cholesterol, accompanied by a de-

crease in HDL-C levels in experimental animals. The 

observed metabolic disturbances reinforce the role of 

dexamethasone in inducing metabolic syndrome 

through its effects on glucose and lipid metabolism. 

(25). In support of these findings, a study by Malkawi 

et al. reported that dexamethasone administration was 

associated with several metabolic abnormalities. (26). 

Such metabolic disruptions provide potential mecha-

nisms by which dexamethasone may contribute to the 

development of metabolic syndromes, including insu-

lin resistance and dyslipidemia. 

The data from the present study indicate a decrease in 

body weight in both the dexamethasone-treated group 

and the dexamethasone-alirocumab co-treatment group 

compared to their initial body weight. This outcome is 

consistent with the study of Shittu S et al., which 

demonstrated that dexamethasone administration in ex-

perimental animals significantly reduces body weight 

(25). However, this observation contrasts with the pri-

mary characteristic of metabolic syndrome in humans, 

which is typically associated with weight gain (27).  Si-

vabalan et al., reported that the result of dexamethasone 

on body weight is dose-dependent, with high doses 

(250 μg/kg/day) leading to weight reduction, while 

lower doses (50 μg/kg/day) stimulate appetite and pro-

mote weight gain. (28) 

In line with our findings, previous studies have re-

ported a correlation between dexamethasone admin-

istration and reduced body weight, suggesting that 

plasma leptin may contribute to dexamethasone-
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induced anorexia and represent a potential mechanism 

underlying the observed weight loss in rats (29). 

The current study's results on lipid profiles demon-

strated a decrease in high-density lipoprotein (HDL) 

levels and a rise in total cholesterol, triglycerides (TG), 

and low-density lipoprotein (LDL) levels in the dexa-

methasone-treated group compared to the control and 

alirocumab-treated groups. These findings align with 

those reported by Dolatabadi AA et al., who observed 

similar lipid alterations following dexamethasone ad-

ministration (30). Conversely, alirocumab treatment 

led to a rise in HDL levels and a reduction in choles-

terol, TG, and LDL levels, consistent with the results 

of Kühnast S et al. (31).  

Researchers made a similar observation, reporting that 

alirocumab significantly improved lipid profiles, espe-

cially by lowering LDL-C, total cholesterol, and tri-

glycerides, in comparison to inclisiran. The study re-

ported that alirocumab effectively improved the lipid 

profile, particularly by reduction LDL-C, total choles-

terol, and triglycerides, compared to inclisiran (32). 

Furthermore, a study relating patients with type 2 dia-

betes mellitus (T2DM) and mixed dyslipidemia 

showed that alirocumab significantly reduced LDL-C, 

non-HDL-C, and total LDL particles, while increasing 

HDL-C (33). Another study reported that alirocumab 

significantly reduced LDL-C levels by 61.0% at 24 

weeks compared to placebo. In addition, it resulted in a 

modest but notable increase of 4.6% in HDL-C levels 

over the same period (34). These findings highlight ali-

rocumab’s efficacy not only in lowering atherogenic li-

pids but also in slightly enhancing cardioprotective li-

pid fractions. 

The cholesterol-lowering result of alirocumab is at-

tributed to its capability to bind circulating proprotein 

convertase subtilisin/kexin type 9 (PCSK9) and inhibit 

its interface with low-density lipoprotein receptors 

(LDLR), thereby enhancing LDL clearance (35) . 

Furthermore, the present study confirms that dexame-

thasone induces hypercholesterolemia, insulin re-

sistance, hypertension, and dyslipidemia, as docu-

mented by M Askar MM et al. (27). The dexame-

thasone-alirocumab co-treatment group demonstrated a 

reduction in cholesterol, LDL, and TG levels compared 

to the dexamethasone-alone group, though these levels 

remained elevated relative to the control and aliro-

cumab-only groups. HDL levels increased in the co-

treatment group and alirocumab group compared to the 

dexamethasone-alone group. These findings suggest 

that while alirocumab mitigates dexamethasone-in-

duced dyslipidemia, it does not fully restore lipid pa-

rameters to normal levels. 

A notable observation was the rise in liver enzymes, 

particularly alanine transaminase (ALT) and aspartate 

transaminase (AST), in the alirocumab-treated and 

dexamethasone-alirocumab co-treatment groups. The 

elevation was extra pronounced in the co-treatment 

group compared to the alirocumab-alone group, while 

the dexamethasone-treated group exhibited lower ALT 

and AST levels than the other two groups. No signifi-

cant differences were observed in alkaline phosphatase 

(ALP) levels among the groups. These findings suggest 

a potential hepatocellular effect associated with aliro-

cumab, which may be exacerbated by dexamethasone 

co-administration. This aligns with the results of Zafar 

et al., who reported that PCSK9 inhibitors negatively 

affect hepatocytes, leading to increased serum transam-

inases.(14). 

Additionally, dexamethasone has been known as a con-

tributing influence on liver dysfunction, consistent with 

findings by Alkot et al., and Nkono et al., who found 

that dexamethasone treatment led to a significant in-

crease in liver enzyme activity. (36) (37) Likewise, 

Barale et al., reported that rats treated with dexame-

thasone exhibited a marked rise in ALT, AST, and ALP 

levels compared to the control group. (38) Collectively, 

these studies indicate that dexamethasone induces liver 

injury, and its combination with alirocumab may fur-

ther exacerbate hepatocellular damage. 

In contrast to the findings of the present study, research 

conducted on mice treated with dexamethasone demon-

strated no significant increases in serum glutamate de-

hydrogenase (GLDH), aspartate aminotransferase 

(AST), or alkaline phosphatase (ALP) levels at either 

24- or 72-hours post-treatment.(39) This suggests that, 

under certain conditions or time points, dexamethasone 

may exert a limited effect on these specific liver en-

zymes. 

Clinical cases have also linked PCSK9 inhibitors to 

liver injury as Ibrahim et al., who recorded A 61-year-

old woman progressed autoimmune hepatitis shortly 

after initiating alirocumab treatment, suggesting a po-

tential causal link. The temporal association raises the 

possibility of a drug-induced autoimmune reaction. 
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(40) Similarly, in October 2022, reported A 66-year-

old patient progressed idiosyncratic drug-induced liver 

injury (DILI) three days after receiving inclisiran, a 

synthetic small interfering RNA (siRNA) that targets 

PCSK9 expression in hepatocytes (41), this was one of 

the earliest documented cases of hepatic injury associ-

ated with PCSK9 inhibitors (42).  

However, other studies suggest that alirocumab and 

evolocumab exhibit hepatic safety profiles comparable 

to placebo (43). A study by Vujkovic, who assessed the 

hepatic safety of PCSK9 inhibitors by evaluating liver 

damage biomarkers, including bilirubin and ami-

notransferases. Their results showed that prolonged 

PCSK9 suppression effectively lowered LDL choles-

terol without significantly impacting circulating mark-

ers of liver injury across diverse populations (44). The 

ODYSSEY OUTCOMES trial showed that alirocumab 

effectively reduced recurrent cardiovascular events and 

overall mortality through sustained LDL-C lowering, 

with a safety profile similar to placebo except for minor 

injection-site reactions, supporting its long-term use 

even in high-risk patients (45). These findings empha-

size the requirement for extra research to better under-

stand the hepatic safety profile of PCSK9 inhibitors, es-

pecially when used alongside other potential hepato-

toxic agents like dexamethasone. 

Total protein levels increased across all groups, with 

the most pronounced elevation in the dexamethasone-

alirocumab co-treatment group. Albumin levels were 

elevated in both the dexamethasone-treated and dexa-

methasone-alirocumab groups, consistent with previ-

ous study, who attributed this effect to upregulated he-

patic albumin synthesis. Elevated serum albumin levels 

have been linked with an augmented risk of acute kid-

ney injury (AKI), as high concentrations may contrib-

ute to renal tubular epithelial and glomerular podocyte 

damage (46).  

Reactive oxygen species (ROS) play a critical part in 

inflammatory liver diseases (47)(48). The present study 

demonstrated increased ROS levels across all experi-

mental groups compared to the control, suggesting ox-

idative stress involvement in liver dysfunction. How-

ever, these findings contrast with those of D’Onofrio et 

al., who found that PCSK9 inhibitors reduce ROS-in-

duced damage, highlighting their antioxidative proper-

ties (49). The increase in ROS levels in dexame-

thasone-treated groups aligns with previous research 

indicating that dexamethasone promotes ROS 

production, causative to oxidative stress and hepatic in-

jury (50).  

Pro-inflammatory interleukins (ILs), for example IL-6, 

play a crucial role in inflammation, however anti-in-

flammatory ILs, for example IL-4, regulate immune re-

sponses (51). The present study observed a rise in IL-6 

and IL-4 levels in the alirocumab-treated and dexame-

thasone-alirocumab co-treatment groups. These find-

ings contrast with studies reporting reduced IL-6 con-

centrations following PCSK9 inhibitor administration 

(52). This goes in hand with Marques et al., found that 

IL-4 and IL-6 plasma levels remained unchanged after 

alirocumab treatment. (53).  

These results may be clarified by the fact that serum 

and intrahepatic IL-6 levels are significantly raised in 

patients with acute and chronic liver diseases (54). Ad-

ditionally, the increase in anti-inflammatory cytokines, 

for example IL-4, may be part of the compensatory 

anti-inflammatory response syndrome (CARS), which 

is characterized by immune suppression and excessive 

cytokine production (55). 

Histopathological analysis revealed that dexame-

thasone treatment resulted in mild apoptotic nuclei, ne-

crotic pericentral space, and interstitial immune migra-

tion, while dexamethasone-alirocumab co-treated sec-

tions also exhibited interstitial immune migration. 

These results align with Jasim et al., who reported that 

dexamethasone can lead to liver necrosis and inflam-

mation (56).  

The PI3K/Akt pathway plays a vital role in mitigating 

liver fibrosis. (57) also, increased hepatic Akt expres-

sion is associated with the amelioration of glucose in-

tolerance, attenuation of liver injury, and reduction of 

hyperlipidemia (58). The present study observed strong 

p-AKT protein expression in hepatic stellate cells 

(HSCs) in alirocumab-treated rats, suggesting a func-

tion in HSC activation (59). Conversely, the dexame-

thasone-treated group displayed lower p-AKT protein 

expression in pericentral hepatocytes, whereas the dex-

amethasone-alirocumab co-treatment group showed 

stronger p-AKT expression compared to the dexame-

thasone-alone group. 

Scheving et al. reported that prolonged dexamethasone 

exposure may suppress AKT signaling in liver cells,  

(60) whereas other studies suggest that dexamethasone 

can stabilize or activate the PI3K/AKT pathway, lead-

ing to increased p-AKT levels and enhanced cell 
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survival (61). Similarly, Sun et al., observed that 

PCSK9 overexpression elevated AKT phosphoryla-

tion, although alirocumab treatment did not signifi-

cantly alter p-AKT levels in hepatocellular carcinoma 

(HCC) cells (62). In contrast, Zhang et al., demon-

strated that lipid accumulation upregulated AKT phos-

phorylation, while alirocumab treatment markedly re-

duced p-AKT expression (63). 

The present findings suggest that p-AKT expression 

plays a dual role in dexamethasone-induced metabolic 

alterations. Increased p-AKT in hepatocytes appears to 

mediate protective effects by enhancing insulin sensi-

tivity and supporting metabolic balance, whereas its 

upregulation in hepatic stellate cells may indicate acti-

vation and a potential risk of fibrosis. Thus, while ali-

rocumab treatment partially restored p-AKT expres-

sion and improved metabolic outcomes, its influence 

on stellate cell activation underscores the need for cau-

tious interpretation and further studies to clarify 

whether this response reflects adaptive protection or 

progression toward hepatic injury (64). 

Furthermore, this study revealed that dexamethasone 

administration decreased RXR-α protein expression 

compared with controls. However, liver tissues from 

rats co-treated with alirocumab and dexamethasone 

showed RXR-α expression in pericentral hepatocytes, 

while no significant alterations were detected in the ali-

rocumab-only group. These findings suggest that the 

combination of alirocumab and dexamethasone may 

contribute to hepatic stress or injury, given that RXR-α 

expression has been associated with liver damage (65). 

In line with this, Steineger et al. reported that both dex-

amethasone and fatty acids independently induced 

RXR-α expression (66). 

In the present study, both p-AKT and RXR-α expres-

sion were altered by dexamethasone administration, re-

flecting disruption of interconnected signaling and 

transcriptional pathways that regulate hepatic glucose 

and lipid metabolism. Reduced p-AKT indicated im-

paired insulin signaling and metabolic stress, while de-

creased RXR-α expression suggested suppression of 

nuclear receptor–mediated transcriptional control of li-

pid homeostasis and inflammation. It is worth noting 

that Alirocumab co-treatment enhanced the expression 

of both markers, supporting their collaborative role in 

restoring metabolic balance through AKT phosphory-

lation and RXR-dependent transcription. However, the 

increased p-AKT signal in stellate cells and the stress-

associated reappearance of RXR-α also suggest that 

these changes may reflect not only protective adapta-

tion but also potential activation of fibrogenic or injury-

related responses (67) (68) (69). 

Overall, alirocumab mitigates dexamethasone-induced 

metabolic disturbances but may cause hepatic stress, as 

evidenced by elevated liver enzymes and alterations in 

RXR-α and p-AKT expression. 

Conclusion 

This study demonstrates that alirocumab effectively 

improves lipid profiles and partially mitigates dexame-

thasone-induced metabolic disturbances, likely via 

modulation of the PI3K/AKT pathway. However, its 

administration is also associated with elevated liver en-

zymes, increased oxidative stress, and alterations in 

RXR-α expression and AKT activation, indicating po-

tential hepatocellular stress. Further investigations are 

warranted to confirm these findings, elucidate the un-

derlying mechanisms, and assess their translational rel-

evance in the context of glucocorticoid-induced meta-

bolic dysfunction. 

Author Contributions: Conceptualization, M.A. and 

E.S.S.; methodology, M.A.; E.S.S.; M.S.A; H.M.A; 

K.A.; R.A. and H.K.K.; software, M.A.; M.S.A and 

H.M.A.; validation, E.S.S.; M.S.A and H.M.A.; formal 

analysis, M.A.; E.S.S. and H.M.A.; investigation, 

M.A.; M.S.A.; H.M.A.; H.K.K.; K.A.; R.A. and 

G.M.A.; resources, M.A.; M.S.A; E.I.A and H.M.A.; 

data curation, M.A.; E.S.S.; M.S.A.; H.M.A. and 

E.I.A.; writing—original draft preparation, M.A; writ-

ing—review and editing, M.A.; E.S.S. and M.S.A; vis-

ualization, M.A. and M.S.A; supervision, M.A.; E.S.S. 

and M.S.A project administration, M.A. and E.S.S.; 

funding acquisition, M.A.  

All authors have read and agreed to the published ver-

sion of the manuscript. 

Acknowledgment: The researchers would like to thank 

the Deanship of Graduate Studies and Scientific Re-

search at Qassim University for financial support (QU-

APC-2025-9/1). 

Informed Consent Statement: Not applicable. 

Data Availability Statement: The datasets generated 

during and/or analyzed during the current study are 

not publicly available but are available from the corre-

sponding author upon reasonable request. 



STJ, 2025, 1(3), 1-18                                                                                                                                                    14                       

https://doi.org/10.70957/uqu.edu.sa/s.toxicology.s/stj.2025.1.3.1                                         https://uqu.edu.sa/s.toxicology.s/S.T.J 

Conflicts of Interest: The authors declare no conflicts 

of interest 

References:  

1. Fahed G, Aoun L, Zerdan MB, Allam S, Zerdan 

MB, Bouferraa Y, et al. Metabolic Syndrome: Updates 

on Pathophysiology and Management in 2021. Int J 

Mol Sci [Internet]. 2022 Jan 1 [cited 2023 Oct 

23];23(2). Available from: https://pub-

med.ncbi.nlm.nih.gov/35054972/ 

2. Ibrahim A, Sakr HM, Ayyad RR, Mansour AM, 

Khalifa MM. REVIEW ON THE SIGNIFICANCE OF 

QUINAZOLINONE DERIVATIVES AS POTENT 

ANTIHYPERGLYCEMIC AGENTS. Al-Azhar Jour-

nal of Pharmaceutical Sciences [Internet]. 2022 Mar 1 

[cited 2025 May 15];65(1):50–63. Available from: 

https://ajps.journals.ekb.eg/article_223768.html 

3. Kaur J. A comprehensive review on metabolic 

syndrome. Cardiol Res Pract. 2014;2014.  

4. Vazquez S, Gold J, Spirollari E, Akmal S, Hanft 

SJ. The story of dexamethasone and how it became one 

of the most widely used drugs in neurosurgery. J Neu-

rosurg [Internet]. 2023 Nov 24 [cited 2025 Jun 

2];140(4):1191–7. Available from: 

https://thejns.org/view/journals/j-neurosurg/140/4/arti-

cle-p1191.xml 

5. Rafacho A, Marroquí L, Taboga SR, Abrantes 

JLF, Silveira LR, Boschero AC, et al. Glucocorticoids 

in Vivo Induce Both Insulin Hypersecretion and En-

hanced Glucose Sensitivity of Stimulus-Secretion Cou-

pling in Isolated Rat Islets. Endocrinology [Internet]. 

2010 Jan 1 [cited 2024 Sep 5];151(1):85–95. Available 

from: https://dx.doi.org/10.1210/en.2009-0704 

6. Huang X, Liu G, Guo J, Su ZQ. The PI3K/AKT 

pathway in obesity and type 2 diabetes. Int J Biol Sci 

[Internet]. 2018 Aug 6 [cited 2023 Nov 

26];14(11):1483–96. Available from: https://pub-

med.ncbi.nlm.nih.gov/30263000/ 

7. Miao R, Fang X, Wei J, Wu H, Wang X, Tian 

J. Akt: A Potential Drug Target for Metabolic Syn-

drome. Front Physiol [Internet]. 2022 Mar 7 [cited 

2023 Nov 30];13:822333. Available from: /pmc/arti-

cles/PMC8940245/ 

8. Farrash WF, Aslam A, Almaimani R, Minshawi 

F, Almasmoum H, Alsaegh A, et al. Metformin and 

thymoquinone co-treatment enhance 5-fluorouracil 

cytotoxicity by suppressing the PI3K/mTOR/HIF1α 

pathway and increasing oxidative stress in colon cancer 

cells. Biofactors [Internet]. 2023 Jul 1 [cited 2025 May 

15];49(4):831–48. Available from: https://pub-

med.ncbi.nlm.nih.gov/36929658/ 

9. Germain P, Chambon P, Eichele G, Evans RM, 

Lazar MA, Leid M, et al. International Union of Phar-

macology. LXIII. Retinoid X Receptors. Pharmacol 

Rev. 2006 Dec 1;58(4):760–72.  

10. Pérez E, Bourguet W, Gronemeyer H, De Lera 

AR. Modulation of RXR function through ligand de-

sign. Biochimica et Biophysica Acta (BBA) - Molecu-

lar and Cell Biology of Lipids. 2012 Jan 1;1821(1):57–

69.  

11. Abdel-Bakky MS, Hammad MA, Walker LA, 

Ashfaq MK. Tissue factor dependent liver injury 

causes release of retinoid receptors (RXR-α and RAR-

α) as lipid droplets. Biochem Biophys Res Commun 

[Internet]. 2011 Jun 24 [cited 2025 Jul 21];410(1):146–

51. Available from: https://pub-

med.ncbi.nlm.nih.gov/21658367/ 

12. E Antar AM, Youssef Ahmed K, El Zahraa 

Diab FA, Kotb FM. Evaluation of serum proprotein 

convertase subtilisin kexin type 9 (PCSK9) as a diag-

nostic biomarker of hepatic steatosis. 2023 [cited 2025 

May 15]; Available from: 

https://doi.org/10.58675/2682-339X.2003 

13. Henry RR, Müller-Wieland D, Taub PR, Bujas-

Bobanovic M, Louie MJ, Letierce A, et al. Effect of 

alirocumab on lipids and lipoproteins in individuals 

with metabolic syndrome without diabetes: Pooled data 

from 10 phase 3 trials. Diabetes Obes Metab [Internet]. 

2018 Jul 1 [cited 2023 Oct 23];20(7):1632. Available 

from: /pmc/articles/PMC6033097/ 

14. Zafar Y, Sattar Y, Ullah W, Roomi S, Rashid 

MU, Khan MS, et al. Proprotein convertase subtil-

isin/Kexin type-9 (PCSK-9) inhibitors induced liver in-

jury - a retrospective analysis. J Community Hosp In-

tern Med Perspect [Internet]. 2020 Jan 2 [cited 2024 

Jan 24];10(1):32–7. Available from: 

https://www.tandfonline.com/doi/abs/10.1080/200096

66.2019.1710952 

15. Albus U. Guide for the Care and Use of Labor-

atory Animals (8th edn). Lab Anim. 2012 Jul 

1;46(3):267–8.  



STJ, 2025, 1(3), 1-18                                                                                                                                                    15                       

https://doi.org/10.70957/uqu.edu.sa/s.toxicology.s/stj.2025.1.3.1                                         https://uqu.edu.sa/s.toxicology.s/S.T.J 

16. Majid IA, AlKashgari RH, AlYahya AA, Ali-

kutty FK, Rahman SM. Developing and establishing 

research guidelines in a private higher education insti-

tution of Saudi Arabia. An experience. Saudi Med J. 

2019 May;40(5):507–11.  

17. Barel M, Perez OAB, Giozzet VA, Rafacho A, 

Bosqueiro JR, Do Amaral SL. Exercise training pre-

vents hyperinsulinemia, muscular glycogen loss and 

muscle atrophy induced by dexamethasone treatment. 

Eur J Appl Physiol [Internet]. 2010 Mar [cited 2024 

Mar 6];108(5):999–1007. Available from: https://pub-

med.ncbi.nlm.nih.gov/19967395/ 

18. Huang HC, Hsu SJ, Chang CC, Chuang CL, 

Hou MC, Lee FY. Effects of PCSK-9 Inhibition by Ali-

rocumab Treatments on Biliary Cirrhotic Rats. Int J 

Mol Sci [Internet]. 2022 Jul 1 [cited 2024 Mar 

6];23(13). Available from: /pmc/arti-

cles/PMC9267099/ 

19. Nih, Od, Oer, Olaw. GUIDE LABORATORY 

ANIMALS FOR THE CARE AND USE OF Eighth 

Edition Committee for the Update of the Guide for the 

Care and Use of Laboratory Animals Institute for La-

boratory Animal Research Division on Earth and Life 

Studies. 2011 [cited 2025 Aug 23]; Available from: 

http://www.nap.edu. 

20. Said ES, Elsayed AM, Rashed LA, Nadwa EH, 

Alsuhaibani NA, Alfuraih BS, et al. Evaluation of 

nootropic activity of telmisartan and metformin on di-

azepam-induced cognitive dysfunction in mice through 

AMPK pathway and amelioration of hippocampal mor-

phological alterations. Eur J Pharmacol [Internet]. 2021 

Dec 5 [cited 2025 Aug 27];912. Available from: 

https://pubmed.ncbi.nlm.nih.gov/34547248/ 

21. Said ES, Mohammed AH, Ali HM, Babiker 

AY, Alnughaymishi R, Althaqeel NZ, et al. Evaluation 

of hepatoprotective effect of Nebivolol and sodium 

copper Chlorophyllin on CCL4-induced hepatotoxicity 

in mice. Eur Rev Med Pharmacol Sci [Internet]. 2022 

[cited 2025 Aug 27];26(5):1717–28. Available from: 

https://pubmed.ncbi.nlm.nih.gov/35302221/ 

22. de Oliveira GM. Laboratory Mice Euthanasia: 

Speed Death and Animal Welfare. Am J Biomed Sci 

Res. 2020 Apr 21;8(4):341–55.  

23. Matthews DR, Hosker JP, Rudenski AS, Naylor 

BA, Treacher DF, Turner RC. Homeostasis model as-

sessment: insulin resistance and beta-cell function from 

fasting plasma glucose and insulin concentrations in 

man. Diabetologia [Internet]. 1985 Jul [cited 2025 Oct 

3];28(7):412–9. Available from: https://pub-

med.ncbi.nlm.nih.gov/3899825/ 

24. Abdel-Bakky MS, Hammad MA, Walker LA, 

Ashfaq MK. Silencing of tissue factor by antisense de-

oxyoligonucleotide prevents monocrotaline/LPS renal 

injury in mice. Arch Toxicol [Internet]. 2011 Oct 16 

[cited 2024 Dec 6];85(10):1245–56. Available from: 

https://link.springer.com/article/10.1007/s00204-011-

0663-8 

25. Shittu S, Shittu S, Lasisi TJ, Shittu STT, Ogun-

dele OJ, Shittu SA, et al. Dexamethasone Induction of 

Metabolic Syndrome and Remediation By Medicinal 

Plants: A Systematic Review Tropical Journal of Nat-

ural Product Research Dexamethasone Induction of 

Metabolic Syndrome and Remediation By Medicinal 

Plants: A Systematic Review. Article in Tropical Jour-

nal of Natural Product Research [Internet]. 2024 [cited 

2025 Mar 16];8(8):7930–40. Available from: 

https://www.tjnpr.org 

26. Malkawi AK, Alzoubi KH, Jacob M, Matic G, 

Ali A, Al Faraj A, et al. Metabolomics based profiling 

of Dexamethasone side effects in rats. Front Pharmacol 

[Internet]. 2018 Feb 16 [cited 2025 Apr 

17];9(FEB):325412. Available from: www.fron-

tiersin.org 

27. M Askar MM, A E-H Ibrahim IA, Mahmoud 

MF. DEXAMETHASONE-INDUCED METABOLIC 

SYNDROME: RE-EVALUATION OF AN UNDER-

ESTIMATED EXPERIMENTAL MODEL. Bull 

Pharm Sci, Assiut University [Internet]. 2022 [cited 

2024 Jan 16];45(102):989–1004. Available from: 

http://bpsa.journals.ekb.eg/ 

28. Sivabalan S, Renuka S, Menon VP. Fat feeding 

potentiates the diabetogenic effect of dexamethasone in 

Wistar rats. International Archives of Medicine 2008 

1:1 [Internet]. 2008 May 23 [cited 2025 Mar 

20];1(1):1–12. Available from: 

https://link.springer.com/articles/10.1186/1755-7682-

1-7 

29. Won Jahng J, Kim NY, Ryu V, Yoo SB, Kim 

BT, Kang DW, et al. Dexamethasone reduces food in-

take, weight gain and the hypothalamic 5-HT concen-

tration and increases plasma leptin in rats. Eur J Phar-

macol [Internet]. 2008 Feb 26 [cited 2025 Oct 



STJ, 2025, 1(3), 1-18                                                                                                                                                    16                       

https://doi.org/10.70957/uqu.edu.sa/s.toxicology.s/stj.2025.1.3.1                                         https://uqu.edu.sa/s.toxicology.s/S.T.J 

4];581(1–2):64–70. Available from: https://pub-

med.ncbi.nlm.nih.gov/18164702/ 

30. Dolatabadi AA, Mahboubi M. A study of the 

influence of dexamethasone on lipid profile and en-

zyme lactate dehydrogenase. J Med Life [Internet]. 

2015 [cited 2025 Mar 17];8(Spec Iss 3):72. Available 

from: https://pmc.ncbi.nlm.nih.gov/arti-

cles/PMC5348935/ 

31. Kühnast S, Van Der Hoorn JWA, Pieterman EJ, 

Van Den Hoek AM, Sasiela WJ, Gusarova V, et al. Ali-

rocumab inhibits atherosclerosis, improves the plaque 

morphology, and enhances the effects of a statin. J Li-

pid Res [Internet]. 2014 Oct 1 [cited 2024 Feb 

6];55(10):2103–12. Available from: 

http://www.jlr.org/arti-

cle/S0022227520350148/fulltext 

32. Saad Cleto A, Schirlo JM, Oliveira Gomes VH, 

Julinhaque Beraldo ML, Sponholz Neiverth G, Bel-

trame M, et al. Inclisiran versus alirocumab in improv-

ing lipid profile parameters: A systematic review and 

meta-analysis. Diabetes Obes Metab [Internet]. 2025 

Feb 1 [cited 2025 Mar 19];27(2):911–9. Available 

from: https://onlineli-

brary.wiley.com/doi/full/10.1111/dom.16091 

33. Rajtar-Salwa R, Bobrowska B, Socha S, 

Dziewierz A, Siudak Z, Batko J, et al. Efficacy of Ali-

rocumab, Evolocumab, and Inclisiran in Patients with 

Hypercholesterolemia at Increased Cardiovascular 

Risk. Medicina (B Aires) [Internet]. 2024 Jul 12 [cited 

2024 Sep 11];60(7):1124. Available from: 

https://www.mdpi.com/1648-9144/60/7/1124/htm 

34. Robinson JG, Farnier M, Krempf M, Bergeron 

J, Luc G, Averna M, et al. Efficacy and safety of aliro-

cumab in reducing lipids and cardiovascular events. N 

Engl J Med [Internet]. 2015 Apr 16 [cited 2023 Sep 

2];372(16):1489–99. Available from: https://pub-

med.ncbi.nlm.nih.gov/25773378/ 

35. Tavori H, Melone M, Rashid S. Alirocumab: 

PCSK9 inhibitor for LDL cholesterol reduction. Expert 

Rev Cardiovasc Ther [Internet]. 2014 Oct 1 [cited 2025 

Mar 17];12(10):1137–44. Available from: 

https://www.tandfonline.com/doi/abs/10.1586/147790

72.2014.954551 

36. Alkot AMF, Naeem SA, El Sayed SSMM, Al-

gendy AMM, Hablas MGA. Study of The Protective 

Effect of Garlic Water Extract on Dexamethasone-

Induced Hepatotoxicity and Insulin Resistance in Adult 

Male Albino Rats. International Journal of Medical 

Arts [Internet]. 2022 Aug 1 [cited 2024 Sep 

6];4(8):2606–18. Available from: https://ijma.jour-

nals.ekb.eg/article_272775.html 

37. Nkono BLNY, Sokeng SD, Désiré DDP, 

Kamtchouing P. Antihyperglycemic and Antioxydant 

Properties of Alstonia boonei De Wild. (Apocynaceae) 

Stem Bark Aqueous Extract in Dexamethasone-In-

duced Hyperglycemic Rats. Int J Diabetes Res [Inter-

net]. 2014 [cited 2024 Sep 6];3(3):27–35. 

38. Barale C, Melchionda E, Morotti A, Russo I, 

Pallottini V, Segatto M, et al. PCSK9 Biology and Its 

Role in Atherothrombosis. International Journal of Mo-

lecular Sciences 2021, Vol 22, Page 5880 [Internet]. 

2021 May 30 [cited 2024 Sep 7];22(11):5880. Availa-

ble from: https://www.mdpi.com/1422-

0067/22/11/5880/htm 

39. Reagan WJ, Yang RZ, Park S, Goldstein R, 

Brees D, Gong DW. Metabolic adaptive ALT isoen-

zyme response in livers of C57/BL6 mice treated with 

dexamethasone. Toxicol Pathol [Internet]. 2012 Dec 

[cited 2025 Apr 17];40(8):1117–27. Available from: 

https://jour-

nals.sagepub.com/doi/full/10.1177/019262331244755

0 

40. Ibrahim A, Prasad G, Kilpatrick ES, Morris TJ. 

‘A case of autoimmune hepatitis associated with the 

PCSK9 inhibitor alirocumab.’ 

https://doi.org/101177/00045632241269657 [Internet]. 

2024 Aug 4 [cited 2024 Sep 10]; Available from: 

https://jour-

nals.sagepub.com/doi/abs/10.1177/000456322412696

57 

41. Hardy J, Niman S, Pereira E, Lewis T, Reid J, 

Choksi R, et al. A Critical Review of the Efficacy and 

Safety of Inclisiran. American Journal of Cardiovascu-

lar Drugs [Internet]. 2021 Nov 1 [cited 2024 Sep 

10];21(6):629–42. Available from: 

https://link.springer.com/article/10.1007/s40256-021-

00477-7 

42. Stüben BO, Hoyer DP, Radunz S, Saner F, 

Schmidt H, Baba HA, et al. Idiosyncratic Drug-Induced 

Liver Injury in a Healthy Patient following PCSK9-In-

hibitor Injection. Snyder N, editor. Case Reports Hepa-

tol [Internet]. 2024 Jan 11 [cited 2024 Feb 4];2024:1–



STJ, 2025, 1(3), 1-18                                                                                                                                                    17                       

https://doi.org/10.70957/uqu.edu.sa/s.toxicology.s/stj.2025.1.3.1                                         https://uqu.edu.sa/s.toxicology.s/S.T.J 

4. Available from: https://www.hindawi.com/jour-

nals/crihep/2024/5556907/ 

43. Roth EM, Davidson MH. PCSK9 Inhibitors: 

Mechanism of Action, Efficacy, and Safety. Rev Car-

diovasc Med [Internet]. 2018 [cited 2025 Mar 

19];19(S1):S31–46. Available from: https://pub-

med.ncbi.nlm.nih.gov/30207556/ 

44. Vujkovic M. Assessing Long-Term Liver 

Safety of Statins and PCSK9 Inhibitors Using Human 

Genetics. CMGH [Internet]. 2024 Jan 1 [cited 2024 Sep 

10];17(1):173–4. Available from: http://www.cmgh-

journal.org/article/S2352345X2300187X/fulltext 

45. Goodman SG, Steg PG, Szarek M, Bhatt DL, 

Bittner VA, Diaz R, et al. Safety of the PCSK9 inhibi-

tor alirocumab: insights from 47 296 patient-years of 

observation. Eur Heart J Cardiovasc Pharmacother [In-

ternet]. 2024 Jul 16 [cited 2024 Sep 12];10(4):342–52. 

Available from: 

https://dx.doi.org/10.1093/ehjcvp/pvae025 

46. Gong Q, Yin J, Wang M, He L, Lei F, Luo Y, 

et al. Comprehensive study of dexamethasone on albu-

min biogenesis during normal and pathological renal 

conditions. Pharm Biol [Internet]. 2020 [cited 2025 

Mar 20];58(1):1252–62. Available from: 

https://www.tandfonline.com/doi/abs/10.1080/138802

09.2020.1855214 

47. Jaeschke H. Reactive oxygen and mechanisms 

of inflammatory liver injury. J Gastroenterol Hepatol 

[Internet]. 2000 Jul 1 [cited 2025 Mar 20];15(7):718–

24. Available from: https://onlineli-

brary.wiley.com/doi/full/10.1046/j.1440-

1746.2000.02207.x 

48. Del Campo JA, Gallego P, Grande L. Role of 

inflammatory response in liver diseases: Therapeutic 

strategies. World J Hepatol [Internet]. 2018 Jan 27 

[cited 2025 Mar 20];10(1):1. Available from: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC5787673/ 

49. D’Onofrio N, Prattichizzo F, Marfella R, Sardu 

C, Martino E, Scisciola L, et al. SIRT3 mediates the 

effects of PCSK9 inhibitors on inflammation, autoph-

agy, and oxidative stress in endothelial cells. 

Theranostics [Internet]. 2023 [cited 2024 Nov 

16];13(2):531. Available from: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC9830434/ 

50. Liu W, Zhao Z, Na Y, Meng C, Wang J, Bai R. 

Dexamethasone-induced production of reactive oxygen 

species promotes apoptosis via endoplasmic reticulum 

stress and autophagy in MC3T3-E1 cells. Int J Mol 

Med [Internet]. 2018 Apr 1 [cited 2025 Mar 

20];41(4):2028–36. Available from: http://www.span-

didos-publications.com/10.3892/ijmm.2018.3412/ab-

stract 

51. Al-Qahtani AA, Alhamlan FS, Al-Qahtani AA. 

Pro-Inflammatory and Anti-Inflammatory Interleukins 

in Infectious Diseases: A Comprehensive Review. 

Trop Med Infect Dis [Internet]. 2024 Jan 1 [cited 2024 

Oct 25];9(1). Available from: https://pub-

med.ncbi.nlm.nih.gov/38251210/ 

52. Basiak M, Kosowski M, Hachula M, Okopien 

B. Impact of PCSK9 Inhibition on Proinflammatory 

Cytokines and Matrix Metalloproteinases Release in 

Patients with Mixed Hyperlipidemia and Vulnerable 

Atherosclerotic Plaque. Pharmaceuticals 2022, Vol 15, 

Page 802 [Internet]. 2022 Jun 27 [cited 2024 Nov 

14];15(7):802. Available from: 

https://www.mdpi.com/1424-8247/15/7/802/htm 

53. Marques P, Domingo E, Rubio A, Martinez-

Hervás S, Ascaso JF, Piqueras L, et al. Beneficial ef-

fects of PCSK9 inhibition with alirocumab in familial 

hypercholesterolemia involve modulation of new im-

mune players. Biomedicine & Pharmacotherapy. 2022 

Jan 1;145:112460.  

54. Hammerich L, Tacke F. Interleukins in chronic 

liver disease: Lessons learned from experimental 

mouse models. Clin Exp Gastroenterol [Internet]. 2014 

Sep 1 [cited 2025 Mar 20];7(1):297–306. Available 

from: https://www.tandfonline.com/action/journalIn-

formation?journalCode=dceg20 

55. Chakraborty RK, Burns B. Systemic Inflamma-

tory Response Syndrome. StatPearls [Internet]. 2023 

May 29 [cited 2025 Mar 20]; Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK547669/ 

56. Jasim HN, Kareem AD, AL Ali MMF, Abbas 

BA. Effect of Long-Term Treatment with Dexame-

thasone on the Liver and Kidney Histopathology, as 

well as Blood Biochemistry in Male Rabbits (Lepus 

Cuniculus). Arch Razi Inst [Internet]. 2022 Feb 1 [cited 

2025 Mar 20];77(1):333–43. Available from: 

https://archrazi.areeo.ac.ir/article_125234.html 



STJ, 2025, 1(3), 1-18                                                                                                                                                    18                       

https://doi.org/10.70957/uqu.edu.sa/s.toxicology.s/stj.2025.1.3.1                                         https://uqu.edu.sa/s.toxicology.s/S.T.J 

57. Shamsan E, Almezgagi M, Gamah M, Khan N, 

Qasem A, Chuanchuan L, et al. The role of PI3k/AKT 

signaling pathway in attenuating liver fibrosis: a com-

prehensive review. Front Med (Lausanne). 2024 Mar 

25;11:1389329.  

58. Adar T, Mizrahi M, Lichtenstein Y, Shabat Y, 

Sakhnini R, Zolotarov L, et al. Increased hepatic Akt 

phosphorylation alleviated glucose intolerance and im-

proved liver function in leptin-deficient mice. Clin Exp 

Hepatol [Internet]. 2023 [cited 2025 Sep 20];9(2):164. 

Available from: https://pmc.ncbi.nlm.nih.gov/arti-

cles/PMC10369657/ 

59. Amann T, Bataille F, Spruss T, Mühlbauer M, 

Gäbele E, Schölmerich J, et al. Activated hepatic stel-

late cells promote tumorigenicity of hepatocellular car-

cinoma. Cancer Sci [Internet]. 2009 Apr 1 [cited 2025 

Mar 20];100(4):646–53. Available from: 

https://onlineli-

brary.wiley.com/doi/full/10.1111/j.1349-

7006.2009.01087.x 

60. Scheving LA, Buchanan R, Krause MA, Zhang 

X, Stevenson MC, Russell WE. Dexamethasone mod-

ulates ErbB tyrosine kinase expression and signaling 

through multiple and redundant mechanisms in cul-

tured rat hepatocytes. Am J Physiol Gastrointest Liver 

Physiol [Internet]. 2007 Sep [cited 2025 Mar 

20];293(3):552–9. Available from: https://jour-

nals.physiology.org/doi/10.1152/ajpgi.00140.2007 

61. Yu-Shengyou, Li Y. Dexamethasone inhibits 

podocyte apoptosis by stabilizing the PI3K/Akt signal 

pathway. Biomed Res Int [Internet]. 2013 [cited 2025 

Mar 20];2013. Available from: https://pub-

med.ncbi.nlm.nih.gov/23710442/ 

62. Sun Y, Zhang H, Meng J, Guo F, Ren D, Wu H, 

et al. S-palmitoylation of PCSK9 induces sorafenib re-

sistance in liver cancer by activating the PI3K/AKT 

pathway. Cell Rep [Internet]. 2022 Aug 16 [cited 2025 

Mar 20];40(7). Available from: 

https://www.cell.com/ac-

tion/showFullText?pii=S2211124722010117 

63. Zhang XY, Lu QQ, Li YJ, Shi SR, Ma CN, 

Miao M, et al. Conditional knockdown of hepatic 

PCSK9 ameliorates high-fat diet-induced liver inflam-

mation in mice. Front Pharmacol. 2025 Feb 

3;16:1528250.  

64. Zhang Y, Ren L, Tian Y, Guo X, Wei F, Zhang 

Y. Signaling pathways that activate hepatic stellate 

cells during liver fibrosis. Front Med (Lausanne) [In-

ternet]. 2024 [cited 2025 Sep 27];11:1454980. Availa-

ble from: https://pmc.ncbi.nlm.nih.gov/arti-

cles/PMC11445071/ 

65. Abdel-Bakky MS, Hammad MA, Walker LA, 

Ashfaq MK. Tissue factor dependent liver injury 

causes release of retinoid receptors (RXR-α and RAR-

α) as lipid droplets. Biochem Biophys Res Commun 

[Internet]. 2011 Jun 24 [cited 2025 Mar 

20];410(1):146–51. Available from: https://pub-

med.ncbi.nlm.nih.gov/21658367/ 

66. Steineger HH, Arntsen BM, Spydevold Ø, 

Sørensen HN. Gene transcription of the retinoid X re-

ceptor α (RXRα) is regulated by fatty acids and hor-

mones in rat hepatic cells. J Lipid Res [Internet]. 1998 

Apr 1 [cited 2025 Mar 20];39(4):744–54. Available 

from: https://www.jlr.org/ac-

tion/showFullText?pii=S0022227520325633 

67. Cai L, Yin M, Peng S, Lin F, Lai L, Zhang X, 

et al. RXRα modulates hepatic stellate cell activation 

and liver fibrosis by targeting CaMKKβ–AMPKα axis. 

Acta Pharm Sin B [Internet]. 2025 Jul 1 [cited 2025 Sep 

27];15(7):3611. Available from: 

https://pmc.ncbi.nlm.nih.gov/articles/PMC12278412/ 

68. Shamsan E, Almezgagi M, Gamah M, Khan N, 

Qasem A, Chuanchuan L, et al. The role of PI3k/AKT 

signaling pathway in attenuating liver fibrosis: a com-

prehensive review. Front Med (Lausanne). 2024 Mar 

25;11:1389329.  

69. Lee SE, Koo Y Do, Lee JS, Kwak SH, Jung HS, 

Cho YM, et al. Retinoid X receptor α overexpression 

alleviates mitochondrial dysfunction-induced insulin 

resistance through transcriptional regulation of insulin 

receptor substrate 1. Mol Cells [Internet]. 2015 Feb 25 

[cited 2025 Oct 4];38(4):356–61. Available from: 

https://pubmed.ncbi.nlm.nih.gov/25728751/ 

  


