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ABSTRACT

BACKGROUND: This study investigates the effects of hydroxychloroquine (HCQ) on a sepsis-induced acute respiratory distress 
syndrome (ARDS) model in rats, initiated by a fecal intraperitoneal injection procedure (FIP).

METHODS: Three groups were established: control (n=8), FIP + saline (n=7), and FIP + HCQ (20 mg/kg/day) (n=9). Blood samples 
were collected for arterial blood gas and biochemical analyses, and bilateral pneumonectomy was performed for histopathologic ex-
amination.

RESULTS: In the FIP + saline group, PaO2 decreased and PaCO2 increased, whereas these levels normalized in the FIP + HCQ group 
compared to the control (p<0.001 and p<0.05, respectively). Histopathological scores for alveolar congestion, perivascular/interstitial 
edema, hemorrhage in alveolar tissue, leukocyte infiltration or aggregation in air spaces/vascular walls, and alveolar wall/hyaline mem-
brane thickness increased in the FIP + saline group compared to the control group (p<0.01). These scores decreased in the FIP + HCQ 
group compared to the FIP + saline group (p<0.01). HCQ reversed the sepsis-induced increase in malondialdehyde, tumor necrosis 
factor-alpha, interleukin-6, and lactic acid.

CONCLUSION: HCQ may be an effective and safe option to mitigate the severe progression of ARDS.

Keywords: Acute respiratory distress syndrome; hydroxychloroquine; lung; sepsis.

INTRODUCTION

Sepsis and septic shock present global challenges across all 
healthcare systems. The pathogenesis of sepsis involves an 
extreme response by inflammatory mediators to pathogens 
infecting the body. Patients admitted to critical care units 
(ICUs) exhibit a high death rate from septic shock.[1] A recent 
large-scale, multicenter study revealed high prevalence rates 
of sepsis, severe sepsis, and septic shock (10.9%, 17.3%, and 
13.5%, respectively) in Turkish ICUs, along with unacceptably 
high mortality rates for severe sepsis and septic shock (55.7% 

and 70.4%, respectively).[1] 

Acute respiratory distress syndrome (ARDS), a diverse phe-
nomenon, can be a severe consequence of sepsis. It involves 
basic mechanisms characterized by endothelial dysfunction 
and inflammation.[2] The incidence of ARDS in adult sepsis pa-
tients ranges from 6-7% across various populations.[3,4] Severe 
sepsis is the most common etiology of ARDS, which often 
progresses rapidly in septic patients and is associated with a 
higher risk of in-hospital death.[3,4] Mortality rates for sepsis-
induced ARDS were found to exceed those for ARDS caused 
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by other factors.[5] Currently, there is no specific treatment 
for sepsis-induced ARDS. The common treatment strate-
gies for ARDS, which rely on the sufficient delivery of oxygen 
to tissues through mechanical ventilation, are similar across 
patients with different etiologies.[2,6] Consequently, diagnos-
ing and treating sepsis in patients at risk of developing ARDS 
should be prioritized in each healthcare system. 

Hydroxychloroquine (HCQ) is one of several antirheumatic 
medications that modify disease processes and are widely 
used to treat various rheumatic diseases and autoimmune 
conditions. HCQ is employed in both the prophylaxis and 
treatment of malaria due to its strong immunomodulatory 
properties that prevent organ damage and inflammatory flare-
ups.[7] Additionally, HCQ is considered to potentially exert 
an antiviral effect and may effectively prevent the severe pro-
gression of coronavirus disease 2019 (COVID-19) to acute 
respiratory distress syndrome by inhibiting a cytokine storm 
through the suppression of T cell activation.[8] Due to its safety, 
affordability, and broad availability, HCQ is extensively used in 
diverse populations, including children and pregnant women, 
often with little or no monitoring.[9] However, there is no data 
on the therapeutic effects of HCQ in sepsis-induced ARDS. 

This research aims to determine how HCQ medication affects 
blood gas levels, lipid peroxidation, histopathogenesis, and in-
flammatory levels in rats with ARDS caused by sepsis.

MATERIALS AND METHODS
Animals

Thirty-three adult male Wistar albino rats, weighing 200-250 
g and aged 12 weeks, were used in this investigation. The 
study received approval from Demiroglu Science University's 
animal ethics committee (approval number 212378/c, July 25, 
2020). All animal experiments were conducted in compliance 
with the ARRIVE (Animal Research: Reporting of In Vivo Ex-
periments) guidelines and the National Institute of Health's 
guide for the care and use of laboratory animals (NIH Pub-
lications No. 8023, revised 1978). The rats were procured 
from Demiroglu Science University's Experimental Animal 
Laboratory. They were housed in pairs in steel cages under a 
12-hour light/dark cycle in a temperature-controlled environ-
ment (22 °C±2 °C) and had free access to food. 

Experimental Procedures

Using the fecal intraperitoneal injection technique (FIP) 
model, sepsis was induced in 25 of the rats. This model was 
based on a technique previously reported by Shrum et al.[10] 
and Tyml et al.[11] The rats were randomly divided into two 
groups: 12 were assigned to the FIP and HCQ group, and 13 
to the FIP and saline group. Each rat received an intraperito-
neal injection of 1 g of feces per kg of body weight, with the 
feces suspended in saline. Nine rats were excluded from the 
trial after they died during the first 48 hours of the proce-
dure—six from the FIP + saline group and three from the FIP 
+ HCQ group. 

The three study groups were established as follows: Group 1 
served as the control group (non-operative and received oral 
feeding, n=8); Group 2 received FIP and an oral gavage dose 
of 0.9% NaCl (saline) (n=7); and Group 3 received FIP and an 
oral gavage dose of 20 mg/kg/day of HCQ (Plaquenil 200 mg, 
Sanofi Aventis) (n=9). To anesthetize the rats for the proce-
dure, an intraperitoneal injection containing 80 mg/kg of ket-
amine hydrochloride and 40 mg/kg of xylazine hydrochloride 
was administered. Each treatment session lasted for two days. 
In order to obtain blood samples for biochemical examina-
tion, bilateral pneumonectomy was performed for histologi-
cal evaluation at the conclusion of the inquiry. Furthermore, 
the animals were euthanized using 150 mg/kg of ketamine 
hydrochloride and 100 mg/kg of xylazine hydrochloric acid.

Arterial Blood Gas Analysis

Twenty-four hours post-operatively, a blood gas analyzer was 
used to measure the levels of PaCO2 and PaO2 in 0.2 mL of 
carotid artery blood from each group of rats. 

Histopathological Examination of the Lungs

For morphological examination, 200 mL of 4% formaldehyde 
in 0.1 M phosphate-buffered saline was perfused intraperi-
toneally to all animals to induce unconsciousness. Ketamine 
(40 mg/kg, Alfamine®, Alfasan International B.V., Holland) and 
xylazine (4 mg/kg, Alfazyne®) were also administered. Lung 
slices, 5 μm thick and fixed in formalin, were stained with 
hematoxylin and eosin. Photographs of each segment were 
taken using an Olympus C-5050 digital camera mounted on 
an Olympus BX51 microscope. The primary lung damage 
score was assessed based on the previously mentioned histo-
pathology criteria.[12] The methods used to assess histological 
lung injury included grading the thickness of the alveolar wall 
and hyaline membrane formation (TA), alveolar congestion 
(AC), hemorrhage (H), perivascular/interstitial edema (PE), 
as well as the infiltration or aggregation of leukocytes in air 
spaces and vessel walls (AL). Each item's severity was ranked 
as follows: one (0% to 25%), two (25% to 50%), three (50% 
to 75%), or four (75% to 100%).

Measurement of Lipid Peroxidation

Lipid peroxidation was assessed by quantifying malondial-
dehyde (MDA) levels as thiobarbituric acid reactive species 
(TBARS) in plasma samples. The plasma samples were mixed 
with TBARS and trichloroacetic acid reagent, incubated for at 
100°C 60 minutes, and then mixed again. The samples were 
cooled on ice prior to centrifugation for 20 minutes at 3000 
rpm. The absorbance of the supernatant was then measured 
at 535 nm. The unit of measurement for MDA levels was nM, 
with tetraethoxypropane used as the calibration standard.

Measurement of Plasma Levels of Inflammatory 
Markers and Lactic Acid

Commercial ELISA (Enzyme-Linked Immunosorbent Assay) 
kits (Biosciences, Abcam) were used to measure plasma lev-
els of tumor necrosis factor alpha (TNF-α) and interleukin 
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6 (IL-6). Following the manufacturer's guide, mean values of 
TNF-α and IL-6 were calculated from triplicate samples after 
diluting the plasma 1:2. Lactic acid concentration was deter-
mined using a blood gas analyzer.

Statistical Analysis

Data analysis was conducted using SPSS (Statistical Package 
for the Social Sciences) version 15.0 for Windows. Results 
were presented as the mean plus the standard error of the 
mean. Initial data analysis utilized one-way analyses of vari-
ance (ANOVA). Post hoc comparisons between groups were 

conducted using the Tukey’s HSD (Honestly Significant Differ-
ence) test. Student's t-test was employed to compare treat-
ment values to control values, with a significance threshold 
set at a p-value greater than 0.05. The software program used 
was SPSS, developed by IBM Corporation, headquartered in 
Armonk, New York, USA.

RESULTS

Of the 33 rats initially used in the investigation, six from the 
FIP + saline group and three from the FIP + HCQ group per-
ished within the first 48 hours post-procedure due to com-
plications arising from FIP and were excluded from the study. 
The samples from the remaining 24 rats were analyzed as 
follows.

Microscopical Findings from Lung Tissue in Sepsis 
Treated with HCQ

The lung tissue of the control group exhibited typical inter-
stitial and alveolar architecture, characterized by a smooth, 
pale pink surface, good expansion, a soft texture, and no vis-
ible anomalies (Figures 1a and 1b). In contrast, lung tissue 
from the FIP + saline group displayed typical signs of sepsis, 
such as a dark appearance, significant leukocyte infiltration 
in air spaces and vessel walls, localized alveolar hemorrhage, 
noticeable alveolar wall thickening, and perivascular or inter-
stitial edema (Figures 1c and 1d). The rats in the FIP + HCQ 
group showed minor pulmonary histopathological changes, 
with reduced leukocyte infiltration and interstitial edema 
(Figures 1e and 1f). 

Arterial Blood Gas Findings in Sepsis Treated with HCQ

Arterial blood gas analysis results are presented in Table 1. 
The mean PaO2 level was considerably lower in the FIP + 
saline group compared with the control group (p<0.001) and 
significantly higher in the FIP + HCQ group compared with 
the FIP + saline group (p<0.001). The mean PaCO2 level in-
creased significantly in the FIP + saline group compared with 
the control group (p<0.05) and decreased significantly in 
the FIP + HCQ group compared with the FIP + saline group 
(p<0.05). These results demonstrate the effectiveness of 
HCQ in treating ARDS in the FIP model rats.

Table 1. Comparison of histopathological scores among three groups

Histopathological score Control FIP+Saline FIP+HCQ

Alveolar congestion 0.5±0.1 3.3±0.2** 1.2±0.3#

Hemorrhage 0.1±0.1 2.2±0.4* 1.3±0.5#

Infiltration/aggregation of leukocytes in air spaces/vessel walls 0.2±0.1 2.1±0.3* 0.8±0.4##

Perivascular/interstitial edema 0.5±0.2 3.2±0.3** 1.4±0.5#

Thickness of the alveolar wall/hyaline membrane formation 0.3±0.1 2.8±0.2* 1.5±0.5#

Results are presented as mean±standard error of the mean. *p<0.01; **p<0.0001 vs. Control group; #p<0.01; ##p<0.001 vs. FIP+Saline group. FIP: Fecal intra-
peritoneal injection Group; HCQ: Hydroxychloroquine.

Figure 2. Microscopic images of lung tissue stained with Hema-
toxylin and Eosin (H&E, magnification: x20 and x40). a,b: Control 
group, displaying normal alveolar and interstitial structure (indicat-
ed by an arrow). c,d: FIP (fecal intraperitoneal injection procedure, 
sepsis induced) + saline group, showing leukocyte infiltration in air 
spaces and vessel walls (marked with*) and perivascular/interstitial 
edema (indicated by an arrow). e&f: FIP + 10 mg/kg hydroxychlo-
roquine (HCQ) group, demonstrating reduced leukocyte infiltration 
and interstitial edema (indicated by an arrow). 

(a)

(c)

(e)

(b)

(d)

(f)
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Histopathological Findings from the Lungs in Sepsis 
Treated with HCQ

Histopathological scores for lung damage are presented in Ta-
ble 2. The mean scores for alveolar congestion and perivascu-
lar/interstitial edema in alveolar tissue considerably increased 
in the FIP + saline group compared with the control group 
(p<0.0001), while these scores decreased in the FIP + HCQ 
group compared with the FIP + saline group (p<0.01). The 
frequency of hemorrhages in alveolar tissue, the thickness of 
the alveolar wall/hyaline membrane, and the aggregation or 
infiltration of leukocytes in air spaces/vessel walls significantly 
increased in the FIP + saline group compared with the control 
group (p<0.01). These scores decreased in the FIP + HCQ 
group compared with the FIP + saline group (p<0.01). All 
these findings demonstrated the effectiveness of HCQ in the 
treatment of sepsis in FIP model rats.

Lipid Peroxidation in Sepsis Treated with HCQ

Plasma MDA concentration reflects the level of lipid peroxi-
dation in sepsis-induced ARDS. The mean concentration of 
MDA in the blood of the FIP + saline group was substantially 
higher than that of the control group (p<0.0001), while it was 
significantly lower in the FIP + HCQ group compared with 
the FIP + saline group (p<0.0001) (Table 3). 

Plasma Levels of Inflammatory Markers and Acidosis in 
Sepsis Treated with HCQ

Plasma levels of TNF-α and IL-6 significantly increased in 
the FIP + saline group compared with the control group 
(p<0.0001), while these levels decreased in the FIP + HCQ 
group compared with the FIP + saline group (p<0.0001). The 
lactic acid concentration in the FIP + saline group was sig-
nificantly higher than in the control group (p<0.001), and sig-
nificantly lower in the FIP + HCQ group compared with the 
FIP + saline group (p<0.01) (Table 3). All these findings sug-
gest that HCQ is effective in reducing lung damage in sepsis-
induced ARDS.

DISCUSSION
Sepsis-induced ARDS is a primary cause of high mortal-
ity rates in ICUs. ARDS and sepsis share similar underlying 
mechanisms, although they differ in how they affect the lungs. 
Lung-protective mechanical ventilation is the principal strat-

egy in the treatment of ARDS patients. Options for treating 
patients with refractory hypoxemia include invasive mechani-
cal ventilation,[13] administration of a neuromuscular block-
ing agent,[14] and extracorporeal membrane oxygenation.[15] 
Other experimental and clinical studies have utilized anti-
inflammatory therapies, including corticosteroids,[16] platelet 
inhibitors,[17] and statins.[18] However, no studies have yet ex-
plored the efficacy of HCQ in managing ARDS induced by 
sepsis. In this study, we have demonstrated the effectiveness 
of HCQ in managing ARDS induced by sepsis in rats, across 
microscopical, histopathological, and biochemical levels. 

Assessment and treatment of acid-base status are often nec-
essary, as severe sepsis can lead to shock associated with 
multisystem organ failure, acute renal injury, metabolic acido-
sis, and organ dysfunction.[19] Traditionally, arterial blood gas 
analysis, including measurements of PaO2 and PaCO2, is used 
to evaluate acid-base status.[20] In our study of sepsis-induced 
rats, HCQ treatment significantly increased the mean level of 
PaO2 and significantly decreased the mean level of PaCO2, 
further demonstrating the efficacy of HCQ in treating sepsis-
induced ARDS.

ARDS involves increased permeability of alveolar epithelial 
cells and pulmonary capillary endothelial cells, making it a het-
erogeneous condition. Sepsis may indirectly cause lung injury. 
This indirect injury begins with hypoxemia-induced systemic 
endothelial damage that triggers a systemic inflammatory re-
sponse. Additionally, the actions of free radicals and immune 
destruction lead to altered levels of inflammatory mediators.
[21,22] In an in vitro study, Lu et al. evaluated the therapeu-
tic potential of HCQ as an autophagy inhibitor in bacterial 
infection-induced sepsis. They noted that autophagy contrib-
utes to the progression of sepsis by exacerbating the cytokine 
storm and vascular leakage.[23] They found that HCQ effec-
tively reduced cytokine production by human leukocytes in 
response to infection and decreased endothelial hyperperme-
ability. Furthermore, they demonstrated that while pretreat-
ment with HCQ was ineffective, post-treatment with HCQ 
effectively protected mice from fatality caused by bacterial 
infections by simultaneously reducing vascular leakage, cyto-
kine production, and enhancing bacterial clearance.[23] In this 
study, we also demonstrate that HCQ treatment significantly 
reduced the aggregation or infiltration of leukocytes in vessel 

Table 2. Comparison of biochemical parameters among three groups

Parameter Control FIP+Saline FIP + HCQ

MDA (nM) 68.2±4.2 205.2±14.5** 91.1±10.6##

TNF-α (pg/ml) 14.3±3.1 229.7±9.4** 70.8±13.2##

IL-6 (pg/ml) 20.9±5.7 81.9±8.8** 29.7±5.6##

Lactic acid (mmol/L) 1.5±0.5 6.8±0.8* 3.9±0.4#

Results are presented as mean±standard error of the mean. *p<0.001; **p<0.0001 vs. Control group. #p<0.01; ##p<0.0001 vs. FIP+Saline group. FIP: Fecal intra-
peritoneal injection Group; HCQ: Hydroxychloroquine.
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walls or air spaces, hemorrhages in alveolar tissue, the thick-
ness of the hyaline membrane or alveolar wall, and perivas-
cular/interstitial edema in alveolar tissue, as well as alleviated 
alveolar congestion in FIP rats. The microscopical images of 
the lung tissues supported these outcomes. All these findings 
suggest that HCQ is an effective treatment for sepsis in the 
sepsis-induced ARDS model. 

In a study conducted by Sarma et al.,[24] hydroxychloroquine 
showed potential in decreasing the progression of lung dis-
ease in COVID-19 patients, as observed through radiological 
progression. Its safety profile is similar to that of control/
conventional treatment. However, further data are required 
to establish a definitive conclusion. Moreover, Zhao et al.[25] 
note that hydroxychloroquine has a limited impact on the 
regenerative capacity of epithelial stem/progenitor cells. This 
highlights the value of organoid technologies and lung injury 
repair mouse models in evaluating the medication’s effective-
ness in COVID-19. In our study, although we could not ob-
serve radiological evidence of a healing effect, we can infer 
improvements from better histopathology after hydroxychlo-
roquine use.

Tissue and serum concentrations of MDA are indicators of 
lipid peroxidation levels during sepsis. In rats subjected to 
lethal sepsis induced by intraperitoneal injection of multidrug-
resistant (MDR) bacterial isolates, MDA concentrations in 
the spleen, liver, and aorta were noticeably higher compared 
to control animals.[26] These results paralleled the clinical 
outcomes of patients with ventilator-associated pneumonia 
caused by MDR bacteria, where increased serum MDA con-
centrations during the first seven days of the disease were 
associated with survival in sepsis-induced hepatic or cardiac 
failure.[27] In the present study, FIP notably elevated the mean 
concentration of MDA in serum compared to the control 
group, while HCQ treatment reduced this concentration, 
suggesting that HCQ successfully prevents lipid peroxidation 
in sepsis-induced ARDS.

Sepsis involves two mostly concomitant inflammatory stages: 
a pro-inflammatory stage known as the Systemic Inflammato-
ry Response Syndrome (SIRS) and an anti-inflammatory stage 
known as the Compensatory Anti-inflammatory Response 
Syndrome. Initial observations from animal models respond-
ing to lipopolysaccharide (LPS) or bacterial infections that 
mimicked sepsis led to the early belief that SIRS was the main 
cause of death in sepsis. Several therapeutic interventions 
have been developed to reduce the pro-inflammatory septic 
response mediated by pro-inflammatory cytokines such as in-
terleukins and TNF-α, although some have been unsuccessful 
in treating sepsis.[28] In our sepsis-induced model, HCQ suc-
cessfully reduced the plasma levels of TNF-α compared with 
the elevated levels observed in the untreated sepsis group. 
This suggests that HCQ is effective in mitigating lung damage 
in the sepsis-induced ARDS model.

Pro-inflammatory cytokines (IL-6, IL-18, IL-8, and TNF-α) 

and anti-inflammatory cytokines (IL-10) increase in sepsis 
in response to pathogen infection. IL-6 supports the host's 
defense mechanisms against tissue damage and infections. 
Notably, lower levels of IL-6 are associated with a better 
prognosis. Conversely, elevated levels of IL-6 can trigger a 
"cytokine storm," an acute, intense systemic inflammatory 
response often observed in sepsis patients. Additionally, high 
levels of IL-6 can activate the coagulation pathway and re-
sponse in vascular endothelial cells.[29] A humanized anti-IL-6 
receptor antibody, tocilizumab, has shown beneficial effects 
in patients with cytokine release syndrome complicated by 
T-cell engaged therapy.[30] In our study, we also demonstrated 
the beneficial effects of HCQ on sepsis-induced IL-6 synthe-
sis in rats with FIP. HCQ’s ability to increase intracellular 
pH and inhibit lysosomal activity in antigen-presenting cells 
(APCs) may underlie these effects of HCQ, subsequently 
limiting antigen processing and major histocompatibility 
complex (MHC) class II-mediated autoantigen presentation 
to T cells.[31] This procedure reduces T cell activation, T cell 
and B cell differentiation, and the expression of cytokines 
such as IL-6 and TNF-α.[32] These mechanisms support the 
hypothesis that HCQ could provide early protection against 
the progression of ARDS, which is caused by an overacti-
vation of the immune system triggered by sepsis. Previous 
studies using the same sepsis model treated with anti-inflam-
matory and antioxidant drugs like digitoxin,[33] octreotide,[34] 
beta blockers[35] gallic acid,[36] and folic acid[37] have shown 
similar results in sepsis-induced ARDS. However, advanced 
in vivo clinical studies are necessary to validate this hypoth-
esis. 

Since acidosis—particularly the onset of lactic acidosis—is a 
common complication of sepsis, assessing the patient's acid-
base state has become a standard component of diagnosing 
and treating sepsis. Given that sepsis patients often present 
with mixed acid-base disturbances and variable pH levels, 
plasma concentrations of lactic acid realistically offer useful 
data for clinical decision-making in sepsis.[20] Additionally, hy-
perlactatemia upon hospital admission is an early predictor of 
outcomes and is associated with increased mortality risk.[38] 
In the current study, the plasma concentration of lactic acid in 
sepsis-induced rats was significantly higher than in the control 
group, while it was notably lower in sepsis-induced rats treat-
ed with HCQ, suggesting that HCQ successfully reduced lung 
damage in the sepsis-induced ARDS model.

Study Limitations 

A significant limitation of this experimental study is that the 
clinical relevance of animal study results can be challenging 
when adapting a medication for therapeutic use. Therefore, 
clinical trials involving patients hospitalized for sepsis-induced 
ARDS are needed to evaluate the effects of HCQ on the 
pathophysiology of the disease and to determine the clini-
cal relevance of HCQ’s efficacy and safety in treating sepsis, 
septic shock, and ARDS.
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CONCLUSION

Currently, there are no universal therapeutic strategies for 
sepsis and ARDS. Our findings indicate that chloroquine-
based agents like HCQ can be effective and safe options to 
combat the severe progression of sepsis in ICUs. However, 
more advanced in vitro and in vivo studies are necessary to 
further validate the efficacy and safety of HCQ in treating 
sepsis, septic shock, and ARDS.
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Hidroksiklorokin, sıçanlarda sepsis kaynaklı akut solunum sıkıntısı sendromunu azaltır
Gulcin Ercan,1 Ejder Saylav Bora,2 Osman Sezer Çınaroğlu,2 Rezan Karaali,3 Oytun Erbas4
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AMAÇ: Hidroksiklorokin'in (HCQ) sıçanlarda dışkı intraperitoneal enjeksiyon prosedürü (FIP) ile oluşturulan sepsis kaynaklı akut solunum sıkıntısı 
sendromu (ARDS) modeli üzerindeki etkilerini araştırmak.
GEREÇ VE YÖNTEM: Kontrol (n=8), FIP+salin (n=7), FIP+HCQ (20 mg/kg/gün) (n=9) olmak üzere üç grup oluşturuldu. Arteriyel-kan gazı ve 
biyokimyasal analizler için kan örnekleri toplandı, histopatolojik inceleme için bilateral pnömonektomi yapıldı.
BULGULAR: FIP+salin grubunda PaO2 azalırken ve PaCO2 artarken, FIP+HCQ grubunda bu seviyeler kontrole kıyasla normalleşti (sırasıyla 
p<0.001 ve p<0.05). Alveolar konjesyon, perivasküler/interstisyel ödem ve alveolar dokuda hemoraji, hava boşluklarında/damar duvarlarında 
lökosit infiltrasyonu veya agregasyonu ve alveolar duvar/hiyalin membran kalınlığı gibi histopatolojik skorlar FIP+salin grubunda kontrol grubuna kı-
yasla artarken (p<0.01), bu skorlar FIP+HCQ grubunda FIP+salin grubuna kıyasla azalmıştır (p<0.01). HCQ malondialdehit, tümör nekroz faktörü 
alfa, interlökin-6 ve laktik asitte sepsis kaynaklı artışı tersine çevirmiştir.
SONUÇ: HCQ, ARDS'nin şiddetli ilerlemesini azaltmada etkili ve güvenli bir seçenek olabilir.

Anahtar sözcükler: Akut solunum sıkıntısı sendromu; akciğer; hidroksiklorokin; sepsis.
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