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Background: Diabetic pneumopathy has been a topic of interest in the present era, and it caught the 
eye during the COVID-19 pandemic. Extensive research provides compelling data supporting the 
association between diabetes and lung injury, establishing the lung as a principal organ affected by 
diabetes. However, the understanding of diabetic lung has always remained under shadow. For this 
purpose, we aimed to search for diabetic lung conditions by using a type 2 diabetic model in BALB/c 
mice. Methods: The study spanned from May to June 2023 at Ziauddin University. Nicotinamide, 
followed by streptozotocin, was injected into the mice. Mice were confirmed diabetic on the 7th day and 
housed for the onset of diabetic lung complications. After 28 days, mice underwent an oral glucose 
tolerance test and were then sacrificed, followed by the collection of bronchoalveolar lavage fluid and 
the extraction of the lungs. Lungs were fixed for histological analysis. Results: The presence of 
increased glycaemic levels, further verified by abnormal glucose tolerance, confirmed the establishment 
of the type 2 diabetic model. Additionally, the diabetic group showed lung fibrotic changes. 
Conclusion: The foundation of a type 2 diabetic model with the target of generating pneumopathy was 
accomplished successfully.  
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INTRODUCTION 
Diabetes is a widespread, possibly catastrophic medical 
disorder that has become a serious public health issue in 
the 21st century. Diabetic complications include 
macrovascular disorders like coronary heart disease, 
stroke, and peripheral artery disease, as well as 
microvascular conditions like diabetic kidney disease, 
retinopathy, and peripheral neuropathy.1  

In 1976, a decrease in lung elastic recoil was 
reported for the first time  among young individuals 
with type 1 diabetes, suggesting that the lungs might be 
a target organ affected by the condition.2 Subsequently, 
there has been a growing body of research 
investigations, primarily centred on the adult 
demographic, with a particular emphasis on individuals 
suffering from type 2 diabetes.3 Epidemiological studies 
and surveys have indicated a potential association 
between diabetes and impaired respiratory functions 
particularly in a restrictive pattern.4–7 Individuals with 
type 2 diabetes experience a decrease in pulmonary 
function and strength of the inspiratory muscles due to 
inadequate glycaemic control.4 

Diabetic lung, also known as diabetic 
pneumopathy, is a recently recognized condition 
characterized by the slow progression of lung disease as 
a result of the microvascular complications associated 
with diabetes mellitus.8 Diabetic pneumopathy gained 
prominence during the COVID-19 pandemic because 
the diabetic patients developed respiratory issues, 
required ICU hospitalization and had a higher mortality 
rate.9 It has been emphasized that diabetic lung is 

neglected, suggesting a deficiency in understanding the 
complex pathophysiology underlying pulmonary 
disorders and efforts to resolve this complication.10 
Since type 2 diabetes is more prevalent in adults (90–
95%) than type 111, our study aimed to examine the 
pulmonary alterations in type 2 diabetes mellitus using a 
Streptozotocin-Nicotinamide (STZ-NA) animal model. 

METHODOLOGY 
This preclinical experimental study was conducted at 
Ziauddin University from May’2023 to June’2023. The 
research protocol for this study was approved by the 
Animal Ethics Committee at Ziauddin University 
(Protocol number: 2023-01/AM/FHS).  

The experiment utilized healthy male BALB/c 
mice, aged 10 weeks and with an average weight of 25 
grams. These mice were kept in the Animal House 
Facility at Ziauddin University, housed in standard 
cages under controlled conditions at a temperature of 
22–23 °C with a light-dark cycle of 12 hours. 
Throughout the study, the mice had unrestricted access 
to rodent chow and water, and underwent a period of 
acclimatization before the experiment began. The mice 
were then randomly divided into two groups: diabetic 
and control, each consisting of six mice. 

A Type 2 diabetes model was developed in 
mice by subjecting them to a 6-hour fasting period in the 
morning. Nicotinamide was administered 
intraperitoneally at a dosage of 100 mg/Kg, given 15 
minutes before the administration of Streptozotocin 
(BioShop Canada Inc., Burlington, ON, L7L 6A4). 
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Freshly prepared Streptozotocin in citrate buffer (pH 
4.5) was then delivered intraperitoneally at a dose of 
200 mg/Kg. On the seventh day, blood glucose levels 
were measured via the tail vein using a glucometer. 
Mice with fasting blood glucose levels between 150–
300 mg/dL were selected for inclusion in the study. The 
group of mice induced with diabetes was monitored for 
28 days to observe diabetic lung complications 
development. During this period, weight and fasting 
blood glucose levels were monitored weekly.  

After 28 days, both the diabetic and control 
groups underwent an oral glucose tolerance test. The 
mice fasted for 6 hours in the morning before receiving 
an oral dose of 2 g/Kg of glucose. Blood glucose levels 
were then measured at various time points; before the 
administration of glucose, at 15-minute intervals up to 
60 minutes, then 90- and 120-minutes post-
administration. 

The animals were euthanized using methods 
approved by the Ethics Committee of Ziauddin 
University. After euthanasia, the mice's lungs were 
removed. Broncho-alveolar lavage was performed by 
inserting a 22 G catheter into the trachea and instilling 
and withdrawing 1 mL of PBS three times. The 
Broncho-alveolar lavage fluid was collected, centrifuged 
at 1,500 rpm for 5-minutes, and the supernatant was 
stored at -80 °C for protein analysis. The left lung 
tissues were placed in a 10% formaldehyde solution for 
fixation, dehydrated through successive alcohol 
solutions of varying concentrations (70%, 80%, 90% 
and 100%), cleared with xylene, and then underwent 
paraffin infiltration and tissue embedding. Tissue 
sections measuring at a thickness of 4µm were obtained 
using a microtome, and slides were made subsequently 
for histological evaluation. 

The tissue sections embedded in paraffin 
underwent a deparaffinization and rehydration process 
using xylene and alcohol, followed by water baths. 
Then, the slides went through haematoxylin staining for 
about 10-minutes. After staining, they were rinsed with 
water and placed in an acid solution for differentiation 
until the sections displayed a blue coloration. Eosin 
staining followed for 2-minutes, accompanied by a brief 
water wash. Subsequently, the slides underwent 
dehydration using graded alcohols before being cleared 
in xylene, mounted, and examined under a light 
microscope (Nikon Eclipse Ts2R-fl) at 10× 
magnification. The assessment of fibrotic changes 
utilized the semi quantitative Ashcroft histological index 
which has a scoring scale ranging from 0 to 8.12 An 
Ashcroft score was allotted to each field aiming to 
allocate odd-numbered grades; intervening even scores 
(2, 4 or 6) between two odd numbers were assigned 
where decision-making became challenging. Finally, the 
mean Ashcroft score was calculated from all fields of 
view.  

Deparaffinied sections were utilized for 
Masson’s Trichrome staining. The sections underwent 
treatment with Weigert’s iron haematoxylin solution 
for 5-minutes, followed by thorough washing with 
distilled water. Subsequent incubation involved 
Biebrich scarlet-acid fuchsin solution for 5-minutes and 
extensive washing. Differentiation was then performed 
in a phosphor-tungstic acid solution for 10-minutes, 
followed by transfer to a light green staining solution 
for 5 minutes. After a brief rinse in distilled water, 
differentiation was carried out in a 1% acetic acid 
solution for 2–5 minutes. Following this step, slides 
were washed again with distilled water and 
immediately dehydrated using 95% alcohol, absolute 
alcohol, and xylene. The finalized process included 
mounting the slides for subsequent analysis under a 
light microscope. The images were analysed using the 
Masson’s Trichrome option in Colour Deconvolution 2 
plugin in Fiji.13 

Statistical significance between means in two 
groups was analysed using independent sample t-test 
and for measures over time was carried out by 2-way 
ANOVA and Tukey’s Multiple Comparison using 
GraphPad Prism-8.0 for Windows, GraphPad Software, 
Boston, Massachusetts USA, and p≤0.05 was 
considered significant. 

RESULTS 
First, we assessed the development of the STZ-NA 
Type 2 Diabetes Model. Following treatment with STZ-
NA, the mice showed a significant increase in blood 
glucose levels (Figure-1A) and decline in weights 
(Figure-1B) over the entire 28-day period. Furthermore, 
the OGTT revealed impaired glucose metabolism with 
delayed and elevated rise in blood glucose levels 
compared to non-diabetic mice (Figure-1C), confirming 
our successful establishment of a non-obese type 2 
diabetic model for the first time in BALB/c mice. 

The lungs were examined for alterations using 
protein analysis through Broncho-alveolar Lavage and 
histological examination with the Hematoxylin and 
Eosin (H&E) and Masson’s Trichrome staining method. 
The BAL fluid exhibited a notable rise in total protein 
levels in comparison to the control group, as illustrated 
in Figure-2, indicating exudation and inflammation. 

 
Figure-1A 
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Figure-1B 

 
Figure-1C 

Figure-1: Assessment of STZ-NA type 2 diabetes 
Model. A) Fasting Blood Sugar levels of mice, B) 

Weights in grams of mice over a period of 4 weeks, 
C) Oral Glucose Tolerance Test of mice over the 

duration of 120 minutes. ***p<0.001 

 
Figure-2: Total Protein levels in BAL fluid of mice 

with STZ-NA-induced type 2 diabetes were 
increased compared to controls. ***p<0.001   

Histological analysis by H&E of the lung 
tissue showed significant alterations in the diabetic 
mice. The image shows areas of diffuse alveolar 
damage. Most of the alveoli were collapsed with 
thickened interstitium containing infiltrated 
inflammatory cells, and some dilated alveoli with 
damaged walls. Mild alveolar oedema was evident. 
Additionally, hypertrophy of bronchial epithelial 
cells, luminal obstruction, inflammatory cell 
infiltration, and thickening of smooth muscle around 
bronchioles was observed which are indicative of 
bronchoconstriction in the viable lung. Furthermore, 
congested blood vessels with increased wall 
thickness, encircled by infiltrating inflammatory 
cells, were noted. Ashcroft Score demonstrating 
increased lung fibrosis in mice with STZ-NA-
induced type 2 diabetes compared to controls as 
shown in Figure-3. 

 
Figure-3A 

 
Figure-3B 

 
Figure-3C 

 
Figure-3D 

Figure-3: H&E stained lung from Control vs 
Diabetic Mice: A) Control B & C) Diabetic Lung 

showing Bronchiolar, Vascular and Alveolar 
Changes D) Ashcroft Score. **p<0.01  

a: Alveoli of normal lung, bv: Blood vessels, b: Bronchioles, c: 
Collapsed Alveoli, d: Dilated Alveoli, e: Alveolar oedema 
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Masson’s Trichrome staining of the lung tissue 
confirmed the presence of collagen deposition in the lung 
tissue. The diabetic group exhibited a significant rise in 
the percentage area of collagen accumulation compared 
to the control group, indicating the development of 
fibrotic changes as shown in Figure-4.  

 
Figure-4A 

 
Figure-4B 

 
Figure-4C 

 
Figure-4D 

 
Figudre-4E 

 
Figure-4F 

 
 Figure-4G 

Figure-4: Masson’s Trichrome Staining: A-D images 
in 10× (A) Control (B, C and D) Diabetic lungs 

showing increased deposition of collagen around the 
alveoli, peri-bronchiolar and perivascular regions, 
E–F images in 40× E) control lung and (F) Diabetic 

Lung, (G) Percent area of collagen. ***p<0.001 

DISCUSSION 
Diabetic pneumopathy is an emerging area of 
research, shedding light on the intricate interplay 
between diabetes mellitus and pulmonary changes. 
According to the study, a notable proportion ranging 
from 10 to 42% of persons diagnosed with idiopathic 
pulmonary fibrosis exhibit comorbidity with 
diabetes.14 As advocated by another study, the term 
‘Diabetes-induced pulmonary fibrosis’ has been 
suggested as a replacement for idiopathic pulmonary 
fibrosis in individuals with diabetes15, thereby 
reflecting a causal relationship between diabetes and 
the development of pulmonary fibrosis which needs 
to be elucidated. 
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We have used the STZ-NA induced Type 2 
Diabetic Model in BALB/c mice to explore diabetic 
lung changes. Our results confirmed the presence of 
diabetes-related fibrotic alterations in the lungs. 
Diabetes is characterized by the existence of high levels 
of glucose in the blood, which is referred to as 
hyperglycaemia. In our study, it was shown that the 
STZ-NA induced diabetic group had a significant 
elevation in blood glucose levels following the 
confirmation of diabetes. The findings were in 
alignment with the existing body of literature.16 Our 
study shows lung fibrotic changes consistent with the 
literature.17 In another study, STZ-induced type 1 
diabetic model exhibited mild oedematous changes, 
leukocytes infiltration in alveolar interstitium, and slight 
decrease in alveolar air space.18 Another study reports 
similar findings; however, the fibrosis was localized 
predominantly in the lung interstitium.19,20 However, our 
study reports Type 2 diabetes associated lung fibrotic 
changes, with respect to bronchiolar, vascular and 
alveolar changes which are consistent with the findings 
reported in type1 diabetic model of rats.21 Another study 
reports findings consistent to our results, the control 
group showed thin alveolar wall, inter-alveolar septa, 
and a limited number of immune cell infiltrations. 
However, the diabetic group’s lungs showed large 
accumulations of mononuclear cells, alveolar collapse, 
and some areas showed diffuse alveolar damage.22 We 
used Ashcroft scoring to present our findings more 
objectively. Our study indicates higher score in diabetics 
than controls, indicating hyperglycaemia related lung 
damage, as supported by literature.22 

Lung fibrosis involves the build-up of 
extracellular matrix, which we confirmed by Masson’s 
trichrome stain. The diabetic group exhibited a 
significant rise in collagen levels in comparison to the 
control group. These findings align with the previous 
studies.23,24 

The relationship between diabetes and lung 
disease is complex, involving genetic, molecular and 
physiological factors. The complex relationship between 
diabetes and pulmonary issues highlights the necessity 
for further experimental inquiries employing this type 2 
diabetic model. Such investigations aim to elucidate the 
underlying pathophysiological mechanisms and 
pinpoint potential therapeutic targets for effectively 
managing diabetic lung complications. 

CONCLUSION 
The STZ-NA induced type 2 diabetic model serves as 
a significant framework for examining the impacts of 
diabetes on lung within various scientific realms. Our 
study delineated the association between diabetes and 
lung injury, characterized by immune cell infiltration 
and heightened collagen and extracellular matrix 
levels in the lungs, indicative of fibrosis. This model 

not only facilitates the investigation of the underlying 
molecular pathways of diabetes but also offers a 
robust platform for devising therapeutic strategies. 
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