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THAI ABSTRACT 

ฟาฏิส โอกฤษ : การกระจายตัวของตัวรับวิตามินดีและการกระตุ้นแมพไคเนสในหนูท่ีถูกเหน่ียวน าให้เป็นโรคถุง
ลมโป่งพองด้วยควันบุหรี่ (Vitamin D receptors distribution and MAPK activation in cigarette smoke 
induced emphysema rats) อ.ท่ีปรึกษาวิทยานิพนธ์หลัก: รศ. นพ. สมพล สงวนรังศิริกุล{, หน้า. 

จุดมุ่งหมายของการศึกษา เพื่อศึกษาผลการเปลี่ยนแปลงของตัวรับวิตามินดีและการเปลี่ยนแปลงของโปรตีน
แมพไคเนสท่ีระดับเซลล์ในปอดของโมเดลหนูท่ีเป็นโรคถุงลมโป่งพองจากการได้รับควันบุหรี่เป็นระยะเวลา  7 วัน (ระยะ
เฉียบพลัน) และ 14 วัน (ระยะกึ่งเฉียบลัน) โดยหนูสายพันธุ์ Wistar rat เพศผู้จ านวน 30 ตัว จะได้รับการสุ่มออกเป็น 3 กลุ่ม
ในแต่ละช่วงเวลา ดังน้ี 1) กลุ่มควบคุม ได้รับอากาศปกติท่ีอุณหภูมิห้อง, 2) กลุ่มท่ีได้รับควันบุหรี่ชนิดไม่ผ่านไส้กรอง และ3) 
กลุ่มท่ีได้รับควันบุหรี่ชนิดผ่านไส้กรอง (n=5 ต่อกลุ่ม) หนูแต่ละตัวจะได้รับควันบุหรี่จากบุหรี่จ านวน 6 มวน ในอัตราท่ีคงท่ี 
เป็นเวลา 7 และ 14 วันข้างต้น จากน้ัน 24 ชั่วโมงหลังจากการรมควันบุหรี่ครั้งสุดท้าย สัตว์ทดลองจะถูกท าการุณยฆาตด้วย
การฉีดยาสลบเกินขนาดทางช่องท้อง เพื่อเก็บปอดด้านซ้ายส าหรับศึกษาผลการเปลี่ยนแปลงทางพยาธิวิทยาร่วมกับการย้อม
โปรตีนท่ีสนใจด้วยวิธี immunohistochemistry และเก็บปอดด้านขวาเพื่อน ามาสกัดโปรตีนในการศึกษาการกระจายตัวของ
ตัวรับวิตามินดีและวิถีแมพไคเนส ผลการศึกษาในวันท่ี 7 พบว่า มีแนวโน้มการลดลงของตัวรับวิตามินดีในไซโทพลาสซึมท้ัง
สองกลุ่มท่ีได้รับควันบุหรี่แต่ตัวรับวิตามินดีในนิวเคลียสมีแนวโน้มลดลงเฉพาะในกลุ่มท่ีได้รับควันบุหรี่ชนิดไม่ผ่านไส้กรอง  
ส าหรับการแสดงออกของวิถีแมพไคเนสได้แก่ p-ERK, p-JNK และp-p38 ในกลุ่มท่ีได้รับควันบุหรี่ชนิดไม่ผ่านไส้กรองมีการ
เพิ่มขึ้นในขณะท่ีกลุ่มท่ีได้รับควันบุหรี่ชนิดผ่านไส้กรองพบแค่การแสดงออกของ p-JNK ท้ังในไซโทพลาสซึมและนิวเคลียส ซ่ึง
สอดคล้องกับผลทางพยาธิวิทยาท่ีพบว่า มีการเพิ่มขึ้นของแมโครฟาจในถุงลมปอดและการเพิ่มขึ้นของอิพิทีเลียลเซลล์รอบท่อ
ลมปอดอย่างมีนัยส าคัญทางสถิติ (p<0.05) ในกลุ่มท่ีได้รับควันบุหรี่ชนิดไม่ผ่านไส้กรองส่วนการเปลี่ยนแปลงของอิพิทีเลียล
เซลล์ท่ีหลอดลมและการแทรกตัวของเซลล์อักเสบในเน้ือเยื่อปอด พบแนวโน้มเพิ่มขึ้นท้ังสองกลุ่มท่ีได้รับควันบุหรี่ ส าหรับผล
การทดลองในวันท่ี 14 พบว่า ตัวรับวิตามินดีในไซโทพลาสซึมมีแนวโน้มลดลงท้ังสองกลุ่มท่ีได้รับควันบุหรี่เช่นเดียวกับในระยะ 
7 วัน แต่กลับพบการลดลงอย่างมีนัยส าคัญทางสถิติ (p<0.05) ของตัวรับวิตามินดีในนิวเคลียสเฉพาะในกลุ่มท่ีได้รับควันบุหรี่
ชนิดผ่านไส้กรอง นอกจากน้ีพบการกระตุ้นเพิ่มขึ้นของ p-ERK และ p-JNK ภายในไซโทพลาสซึมและนิวเคลียส ของท้ังสอง
กลุ่มท่ีได้รับควันบุหรี่ ในทางตรงกันข้าม p-p38 ในไซโทพลาสซึมมีแนวโน้มท่ีจะเพิ่มขึ้นเฉพาะในกลุ่มท่ีได้รับควันบุหรี่ชนิดท่ี
ผ่านไส้กรองแต่ไม่พบความแตกต่างของ p-p38 ระหว่างกลุ่มการทดลองในส่วนของนิวเคลียส ดังน้ันผลการแสดงออกของ
โปรตีนดังกล่าวจึงมีความสอดคล้องกับผลทางพยาธิวิทยาของท้ังสองกลุ่มท่ีได้รับควันบุหรี่ในวันท่ี  14 ในลักษณะท่ีใกล้เคียง
กัน โดยพบการเพิ่มขึ้นอย่างมีนัยส าคัญทางสถิติ (p<0.05) ของแมโครฟาจในถุงลม การเปลี่ยนแปลงของอิพิทีเลียลเซลล์รอบ
หลอดลม และการเปลี่ยนแปลงอิพิทีเลียลเซลล์รอบท่อลม ส่วนการแทรกตัวของเซลล์อักเสบในเน้ือเยื่อปอด พบแนวโน้ม
เพิ่มขึ้นท้ังสองกลุ่มท่ีได้รับควันบุหรี่ ผลการย้อมชิ้นเน้ือด้วยวิธี immunohistochemistry แสดงให้เห็นว่ามีการลดลงของ
ตัวรับวิตามินดีท้ังสองกลุ่มการทดลองในวันท่ี 7 และจะเห็นได้ชัดในวันท่ี 14 ในกลุ่มท่ีได้รับควันบุหรี่ชนิดท่ีผ่านไส้กรอง โดย
สามารถสรุปได้ว่า โมเดลการศึกษาน้ีเป็นการจ าลองการสูบบุหรี่แบบมือสองซ่ึงท าในช่วงวันท่ี 7 และวันท่ี 14 ท่ีรมควันบุหรี่
แบบไม่ผ่านไส้กรองและผ่านไส้กรอง ซ่ึงแนวโน้มท่ีคล้ายคลึงกันในการลดลงของตัวรับวิตามินดีและการกระตุ้นแมพไคเนสในก
ลุ่มการทดลองท้ังสอง แสดงให้เห็นถึงความสามารถท่ีลดลงของไส้กรองบุหรี่ในการป้องกันโปรตีนและเซลล์จากความเสียหาย
หลังจากรมควันบุหรี่ไป 14 วัน รวมท้ังการเปลี่ยนแปลงทางพยาธิวิทยาต่อพยาธิก าเนิดของโรคถุงลมโป่งพองในระยะเริ่มต้น
และความรุนแรงของโรคท่ีเกิดขึ้นถูกพบในการศึกษาครั้งน้ี ซ่ึงแนวทางท่ีดีท่ีสุดในการป้องกันโรคเรื้อรังท่ีจะเกิดขึ้นในระบบ
ทางเดินหายใจน่ันคือการเลิกบุหรี่ 
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ENGLISH ABSTRACT 

# # 5774060930 : MAJOR MEDICAL SCIENCE 
KEYWORDS: VITAMIN D RECEPTOR / CIGARETTE SMOKE EXPOSURE / MITOGEN ACTIVATED PROTEIN KINASE 

FATIST OKRIT: Vitamin D receptors distribution and MAPK activation in cigarette smoke induced 
emphysema rats. ADVISOR: ASSOC. PROF. SOMPOL SANGUANRUNGSIRIKUL, M.D.,M.Sc. {, pp. 

Rat model was used in this study in order to investigate subcellular vitamin D receptors (VDR) 
distribution and mitogen activated protein kinase (MAPK) alteration in the lungs of emphysema 
development after cigarette smoke exposure for 7 days (acute) and 14 days (subacute). Thirty male Wistar 
rats were randomly divided into 3 groups per each time point; 1) control (air exposed), 2) no-filter (smoke 
exposed without cigarette filter) and 3) filter (smoke exposed with cigarette filter) (n=5 per group). Each rat 
was daily and constantly exposed to 6 cigarettes smoke for 7 or 14 days. After 24 hours of the last exposure, 
rats were euthanized by intraperitoneal injection with overdose sodium pentobarbital. The left lung was 
collected for pathological examination and immunohistochemistry. The right lung was salvaged for 
determination of VDR distribution and cascade proteins of MAPK pathway. Results on day 7th of cigarette 
smoke exposure showed declining trend of cytoplasmic VDR in both cigarette smoke groups whereas 
nuclear VDR only observed in no-filter group. MAPK cascade proteins such as p-ERK, p-JNK and p-p38 were 
increased in no-filter group while only p-JNK was found in both subcellular areas of filter group. This was 
consistent with pathological finding that alveolar macrophage and peribronchiolar epithelium proliferation 
significantly increased (p<0.05) in no-filter group after 7 days smoke exposure. Furthermore, tracheal 
epithelial change and lung parenchymal infiltration tended to increase in both cigarette smoked groups. 
For 14 days of cigarette smoke exposure, the results demonstrated decrease cytoplasmic VDR in both 
cigarette smoked groups in the way same as in 7 days period but only nuclear VDR was significantly (p<0.05) 
decreased especially in filter groups. In addition, both p-ERK and p-JNK of MAPK cascades in cytoplasm 
and nucleus were activated in both cigarette smoked groups. On the other hand, cytoplasmic p-p38 was 
prone to increase only in filter group but not nuclear p-p38 in both groups. These proteins outcomes were 
consistence with histopathological changes observed in both no-filter and filter groups on 14 days exposure 
that exhibited significantly (p<0.05) increased of alveolar macrophages, tracheal epithelial cell changes and 
peribronchiolar epithelial cell proliferation. Lung parenchymal infiltration had tended to increase after 
exposed to both cigarette smoke types. Immunohistochemistry showed the reduction trend of VDR in both 
cigarette smoke groups on 7 days and significantly decreased (p<0.05) on 14 days in filter group. In 
conclusion, this study demonstrated that the second-hand smoker model for 7 and 14 days of cigarette 
smoke exposure with or without filter. The similar tendencies of VDR depletion and MAPK activation in 
both cigarette smoke types confirmed that there was no benefit of using cigarette filter to prevent 
damaging proteins as well as protect cells undergone 14 days smoke exposure. The histological changes 
of early emphysema pathogenesis and the severity of disease found in this study suggested the best way 
to prevent chronic respiratory diseases is to quit smoking. 
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CHAPTER I INTRODUCTION 

 
Background and rationale 

Cigarette smoke is the major risk factor of chronic obstructive pulmonary 

disease (COPD). Nowadays, it is the fifth leading cause of death worldwide and it is 

predicted to become the third leading cause of mortality by the year 2020 (1) as a 

cigarette consists of many components of more than 7,000 substances (2) which were 

associated with a lot of human pathologies such as airway inflammation, COPD, 

atherosclerosis and age-related disorder. Also, terrible effects of the components of 

cigarette smoke would damage an airway, mucous cell and lead to air space 

enlargement including cellular toxicity and cell death (3). In addition, the smoke affects 

the malfunction of vitamin D receptor (VDR) and reduces of vitamin D metabolism in 

smokers and be a part of pathogenesis of COPD (4, 5). 

 Vitamin D receptor is an intracellular receptor which can evoke the biological 

actions via binding with active vitamin D, or called “1,25 dihydroxy-vitaminD3 

(1,25(OH2)D3). This is not only a crucial role in classical function through controlling the 

calcium and phosphate homeostasis, especially in bones, intestine and kidney but also 

has non-classical functions such as maintaining cell differentiation, inflammation and 

cell apoptosis in human pathogenesis (6-8).  

According to the knockout mice model of Isaac et al., demonstrated that 

deficiency of VDR in mouse lung could lead to an increase number of inflammatory 

cells, nuclear factor kappa B (NF-kB) and then induced up-regulation of matrix 

metalloproteinase (MMPs) MMP2, MMP9 and MMP12. Therefore, the knockout VDR in 

lung mice has sensitivity to emphysema/COPD because there have been increased the 

air space enlargement and decreased in lung function (9). All mentioned above 

represent that the VDR is one of the important factors which is related to the 
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pathogenesis of COPD. In smokers, vitamin D has a non-classical action in the lungs 

which is a part of the homeostasis to modify the abnormality of the inflammatory lung. 

Remarkably, if the effects of the smoke make VDR can’t bind to active vitamin D from 

the non-classical action is attenuated so this outcome may also be affected to the 

distribution of VDR. 

Thus, cigarette smoke exposure model is the most appropriate model to study 

the pathogenesis of emphysema/COPD in rat and these several exposure systems are 

available. Animal models of cigarette smoke exposure compose of two types: 1) an 

exposure with non-filter generating the smoke directly through the burning of the 

cigarette to the animals and 2) an exposure through the filter generating smoke from 

cigarette pass the commercial cigarette filter to the animals in the chamber (10, 11). 

These two cigarette smoke exposure forms were performed to imitate human smoking 

situations when they smoke and inhale smoke from the environment.  

Mitogen activated protein kinases or MAPKs are intracellular transducing 

molecules consisting of three main subtypes which are extracellular signal-regulated 

kinase (ERK), p38 and c-Jun NH2-terminal kinase (JNK). These involves with various 

cellular activities such as cell proliferation, differentiation, and cell survival (12). In 

COPD/emphysema, there have been discovered about these three MAPKs which are 

activated among stress and inflammatory conditions (13). Marumo et al.,  

demonstrated that the cigarette smoke can induce lung inflammation, apoptosis, 

proteinase expression and lung injury via up-regulation of p38 MAPK only in mice (14). 

Uh et al., reported that the cigarette smoke extracts (CSE) reduced the levels of 

cytoplasmic VDR distribution in A549 cell which also up-regulation of extracellular 

regulated kinase (ERK) (5). However, there have no study on effects of two different 

cigarette smoke induced emphysema rats to VDR distribution and all three MAPK 

alterations.  
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Consequently, this study was conducted to investigate the association between 

filter and no-filter cigarette smoke exposure to subcellular VDR distribution and MAPK 

protein expression in acute and subacute cigarette smoke induced emphysema rats (in 

vivo model). 

Research questions 

1. Whether cigarette smoke exposure with no-filter and filter can change the 

histopathology in the lungs of cigarette smoke induced emphysema rats. 

2. Whether exposure of cigarette smoke with no-filter and filter can alter the 

levels of VDR distribution in the lungs of cigarette smoke induced 

emphysema rats. 

3. Whether no-filter cigarette smoke exposure group can enhance the levels 

of MAPK subtype expression higher than cigarette smoke with filter group 

in the lungs of cigarette smoke induced emphysema rats. 

Objectives  

1. To investigate the effects of cigarette smoke exposure with no-filter and 
filter to lung histopathological changes in cigarette smoke induced 
emphysema rats. 

2. To investigate the effects of cigarette smoke exposure to the alteration of 
VDR distribution in cigarette smoke with no-filter and filter from the model 
of emphysema rats. 

3. To investigate the association between mitogen activated protein kinase 
(MAPK) subtype expression and two different cigarette smoke types induced 
emphysema rats.   

Hypotheses 

1. Cigarette smoke exposure with no-filter can change histopathological score 
more than the smoke with filter in cigarette smoke induced emphysema 
rats.  
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2. Cigarette smoke exposure can alter the levels of cytoplasmic and nuclear 
VDR distribution in alveolar epithelial cells from emphysema rat model. 

3. No-filter cigarette smoke exposure can increase the levels of MAPK 
subtypes expression higher than the smoke with filter induced emphysema 
rats. 

Conceptual framework 

 
Key words 

vitamin D receptor (VDR) distribution, cigarette smoke exposure, mitogen 
activated protein kinases (MAPKs) 
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Limitation of this study 

This study didn’t measure total particulate matter (TPM)  of the smoke that 
passed through filter or no-filter in the inhalation chamber to the animal. The volumes 
of TPM may affected to the variation of histopathology or protein expression in both 
cigarette smoke groups.  

Expected benefit and application 

1. To know the association between vitamin D receptors distribution and the 

alteration of MAPK subtypes expression in two cigarette smoke exposure 

with no-filter and filter induced emphysema rats. 

2. To provide the information about two different cigarette smoke exposure 

which may involve with the distribution of vitamin D receptor affecting 

the severity of histopathology. 

Suggestion for further investigation 

 To ensure which exactly MAPK cascade is major dominant in associated with 
emphysema pathogenesis caused by cigarette smoke induced VDR depletion. Further 
study will apply knock down or knock out techniques to attenuate VDR action and 
treat cigarette smoke as the same protocol in current study. At last, three target of 
MAPK cascades will investigate for providing clearly information about MAPK cascades 
relate early emphysema.   
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CHAPTER II LITERATURE REVIEW 

1. Chronic obstructive pulmonary disease 

The high prevalence of chronic obstructive pulmonary disease occurred all 
around the world caused by a major factor “cigarette smoke” and could lead to the 
mortality and morbidity for inducible death in the fifth series of the diseases within 
2020 (1). The Global Initiative for Chronic Obstructive Lung Disease (GOLD) guideline 
gave the definition of COPD that is “a preventable and treatable disease with some 
significant extrapulmonary effects that may contribute to the severity in individual 
patients”. COPD is a progressive disease happened together with an abnormal 
inflammatory response in the lung to the harmful particles or gases (15).  
 The classification of COPD composes of two major types: “chronic bronchitis” 
and “emphysema”. The diagnosis of chronic bronchitis is the inflammation of the 
bronchial tubes with the production of cough for over a specific number of months 
and years, while the diagnosis of emphysema is the architecture of parenchyma 
destruction which effect to inadequate gas exchange in alveolar tissues (15). 
 The report of Isaac et al. indicated the significance of VDR in emphysema/COPD 
pathologies. After they knockout VDR from the lung mice, the result showed the 
alteration of architecture of alveolar wall, activation of pro-inflammatory mediators, 
extracellular matrix remodeling and changes of respiratory mechanic which induced to 
early emphysema/COPD (9). So, this data advises that VDR is implicated in physiological 
lung function and involves with the homeostasis of vitamin D. 

2. Cigarettes smoke and its harmful components 

Cigarette smoke is a complex mixture of more than 7,000 chemical substances 
fused in the aerosol particles or independent in the gas phase. The researchers know 
at least 69 chemicals which are the carcinogens and the toxicants can induce multiple 
cellular process alteration encompasses oxidative stress (imbalance of oxidant and 
antioxidant), unusual cellular repair, abnormal alveolar maintenance function, 
extracellular matrix malfunction (imbalance of protease and anti-protease), cell 
apoptosis,  and lung inflammation deal with many diseases (16, 17). 
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 For instance, the chemical components which can be found in the tobacco 
smoke are involved with the oxidative stress and inflammation. Moreover, the function 
of these mixed substances can demolish many biomolecules which become 
mutations, the alteration of gene transcription and apoptosis (18). According to the 
study of Kern et al., they reported that after exposed the aqueous cigarette smoke 
extract (CSE) on human lung epithelial (HBE1) cells, these cells occurred apoptosis and 
pro B lymphoid cells occurred necrotic cell death at more than 10 μM in culture 
medium lacking serum (19).  

Consequently, Hansdottir et al. and Moretto et al., illustrated that cigarette 
smoke and its components can damage lung tissue and trigger the inflammation in 
airway epithelial cells through p38 MAPK pathway including demolish vitamin D 
metabolism in the lungs that leads to the pathology of emphysema/COPD (4, 20). 
Therefore, these events may be interfered and relate to the function of vitamin D and 
protein VDR interaction in alveolar epithelial cells. 

3. Cigarette filter & no-filter 

At the beginning in 1950s, it was the first produced cigarette filter to reduce the 
smoke yields that entered into human body. Almost of the commercial cigarette filters 
are made of mono-filament cellulose acetate and the property of this cellulose 
acetate can filtrate the smoke components as tar and nicotine about 40-50% when 
compare to non-filter cigarettes (21). Two main types of the smoke fractions that 
contain in the non-filter cigarette smoke are tar and gas phase fractions in contrast to 
the cigarette with filter generally has the smoke in the gas phase. In addition, there 
have been found the volumes of carcinogenic constituents and free radicals in the tar 
phase than the gas phase which leads to the study of cyto-genotoxicity involved with 
the pathological process of inflammation and carcinogenesis in vitro and in animal 
models (22).  

According to the study of Adams et al., they analyzed 12 toxic substances 
between cigarette smoke with filter and non-filter, the result showed all toxic 
components of the smoke in cigarette filter reduced significantly when compared to 
cigarette with non-filter (23). Like the study of Cavallo et al., they evaluated the effects 
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of cigarette smoke extract (CSE) from commercial cigarette filter and without filter to 
the cyto-genotoxicity in different lung cell types; human basal alveolar epithelial cells 
(A549) and human bronchial epithelial cells (BEAS-2B). Non-filter cigarette smoke had 
more amounts of the particles than cigarette with filter which decreases the viability 
of the cell especially in BEAS-2B cells and had higher levels of membrane damage 
including significantly direct to DNA damage at 5-10% CSE concentrations in both cell 
types from non-filter cigarettes (22).  

Thus, cigarette smoke with filter and non-filter study design is the appropriate 
scientific tool which can apply in the animal study in order to mimic the second-hand 
smoke people who inhaled the smoke through exhaled smoke from smokers and 
directly inhaled the smoke from the smoldering cigarette, respectively. Up to now, 
there is uncertainly clear that filter or no-filer are influent to COPD pathogenesis caused 
by second-hand smoke. Thus, the dominant point is the protective role of the filter 
involves with the different levels of smoke particles when it penetrates into human 
lungs which maybe affects to the alteration of various proteins in the target cells during 
pathological process.    

4. Vitamin D receptors: structure, distribution and mediated-actions 

Vitamin D receptor is an intracellular receptor which binds with active vitamin 
D “1,25(OH2)D3” for beginning their biological functions. Since 1969, the scientist found 
that vitamin D receptors extensively distribute in more than 30 tissues/organ (7). Then 
it can help them answers a question about roles of vitamin D. Primarily, gene 
expression is regulated through action of 1,25(OH2)D3 which is mediated by VDR and it 
has the region where is located specific DNA sequences called “vitamin D response 
elements (VDRE)”(24). Moreover, vitamin D/VDR interaction has the classical actions 
and non-classical actions which involve in the homeostasis of many parts in the body 
system. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

16 

4.1 VDR structure 

The VDR is a member of nuclear receptor family of transcription factors which 
has molecular weight approximately 50-60 kDa (25). The structure of VDR composes 
of two main domains which are DNA binding domain and ligand binding domain. Firstly, 
DNA binding domain has two zinc finger regions where the proximal (N-terminal) zinc 
finger prefers specificity to VDRE while the distal zinc finger and the residue region are 
the specific sites to bind with RXR (Retinoid X Receptor) (Fig1.) (24). Area after distal 
zinc finger is the ligand binding domain (LBD) which is an important area for the binding 
region of 1,25(OH2)D3 and RXR. At the end of C-terminal, it is a main stimulation region 
now known as “AF-2 domain”. The widespread of VDR coactivators such as the steroid 
receptor coactivator (SRC) and VDR-interacting protein (DRIP or Mediator) families have 
to bind with AF-2 domain for the activation (26).                 

 

Figure 1 VDR Structure. The DNA-binding domain or N-terminal region consisting 
of two zinc fingers that functions like the other steroid hormone receptors. NLS or 
Nuclear localization signals are found in this region. More than half of the molecule 
are related to the ligand binding domain and AF-2 domain which is dominant position 
at C-terminal. The coactivators such as the SRC family and DRIP will bind with 
specifically AF-2 domain (24). 

4.2 VDR distribution 

The distribution of VDRs are overspread throughout the various tissues in 
human body although many of these tissues are not primarily targets for 1,25(OH2)D3. 
Notably, the experiment about 1,25(OH2)D3 and VDR in different cell types revealed 
that 1,25(OH2)D3 can change all these tissue functions that reflected the outstanding 
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effects of 1,25(OH2)D3. Li et al. have been studied in animal models which knockout 
VDR causing severe vitamin D deficiency. It represents an important role of VDR which 
can be the mediator with vitamin D action (27). Moreover, there have been found that 
the level of VDR was lower in the lungs of COPD patients when compared to the lung 
of the smokers (9).   

 The hormonal form of vitamin D like other steroid hormone interacts with VDR 
to regulate the transcription of target genes and adapt many cell functions. This 
process called genomic actions. Even though there has been paradoxical data, the 
unliganded VDR is located in the nucleus or cytoplasm. Later, many techniques have 
been developed such as microwave energy fixation of tissues (28) which has specificity 
and sensitivity. Finally, they can detect VDR both in cytoplasm and nucleus. 

4.3 VDR mediated actions 
4.3.1 Genomic action 

The genomic action is happened in the nucleus by the function of 1,25(OH2)D3  

and vitamin D receptor (VDR). 1,25(OH)2D is an active vitamin D which function 
reciprocally to the other steroid hormones. In the blood circulation, 1,25(OH)2D have 
small amounts which are bound to the carrier protein called “Vitamin D binding 
proteins (sDBP)” and are translated to the target tissue. When it comes to the target 
tissue, 1,25(OH)2D will isolate from sDBP and bind to VDR in the cytoplasm of the cell. 
The binding of 1,25(OH)2D and VDR induces the complex of receptor-hormone in form 
of heterodimerization and translocate to the cell nucleus with partner proteins call 
“the retinoid X receptor (RXR)”. The VDR-RXR complex plays the role in the 
transcription factor in the nucleus. At the promoter region of the target genes in the 
nucleus, the VDR-responsive elements (VDREs) will respond to bind with those 
complex which can magnetize various cofactors that provoke the expression of genes 
(Fig.2) (29). The VDRE has two influent effects on VDR and RXR complex; activators or 
repressors. For the activators, they are composed of two significant activators complex: 
the steroid receptor complex (SRC) contains three types which are SRC1, SRC2 and 
SRC3 activators (30) and the vitamin D receptor activator complex (DRIP) known as 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

18 

“mediator”(31). Also, corepressors have two subgroups: the nuclear corepressor (NCor) 
and silencing mediator of retinoic acid and thyroid receptor (SMRT) will be replaced 
when lacking of 1,25(OH2)D3 for binding with VDR. 

VDRs are expressed in many tissues and they have the essential role in the 
biological activity of vitamin D which indicates that the actions of vitamin D happen in 
various tissues not only preservation of mineral homeostasis, but also extraosseous 
action. Lastly, 1,25(OH)2D controls gene expression by genomic action at the 
transcription level mediate through VDR yet (32). 

4.3.2 Nongenomic action 

The genomic action cannot clarify all the actions of 1,25(OH2)D3 via the 
interaction between receptor-hormone complex. This situation does not relate with 
the transcription and arise outside the nucleus of the cells called rapid response or 
nongenomic action. Nongenomic action occurs within seconds and minutes that 
associates with the stimulation of receptors on the membranes to respond the 
physiological levels of 1,25(OH2)D3. For instance, rapid transportation of calcium in the 
intestine occurs through activation of calcium-dependent protein kinase C (PKC) 
activity, Jun-activated kinase (JNK) and extracellular response-activated kinase (ERK). 
These Jun-activated kinase (JNK) and extracellular response-activated kinase (ERK) are 
the mitogen-activated protein kinase (MAPK) subtypes implicates with the nongenomic 
mechanisms of 1,25(OH2)D3 which also play a role on target cells (Fig.2) (32). 
 Presently, There have been found the new specific binding protein for 
1,25(OH2)D3 that maintains Ca2+ transport named membrane-associated rapid response 
steroid (MARRS) where this membrane vitamin D receptor (VDRm) cannot be found in 
the nucleus but resided around the cell surface and perinuclear area (33). While there 
have been known about the manifested of VDRm on nongenomic actions, there was 
still an argue whether the nuclear VDR (VDRn) cooperate with the nongenomic action 
of 1,25(OH2)D3. The study of Buitrago et al. revealed that the participation of VDRn in 
C2C12 murine myoblast when was knocked down VDRn by RNA interference (RNAi) 
resulting in dismissing of 1,25(OH2)D3 induced up-regulation of p38, ERK1/ERK2, src and 
PI3K. This indicated the association role of VDRn in mediateing nongenomic actions. 
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After 1,25(OH2)D3 activation in MC3T3-E1 osteoblasts study found the movement of 
VDRn from the caveolae to the nucleus, no data showed VDRm movement. This 
represents that this transferring can be the option of VDRn to collaborate in genomic 
and nongenomic signaling pathways (34). Thus, there may be the probable cross talk 
during the genomic and nongenomic of 1,25(OH2)D3 signaling that encourage the 
biological action of 1,25(OH2)D3 in different target tissues.  

 

Figure 2 Genomic versus nongenomic actions of vitamin D mediated by VDR (32). 
4.4 Classical actions of vitamin D 

Vitamin D has an important role in controlling balance of calcium and 
metabolism of bones (35). Cholecalciferol or vitamin D3 is a vitamin derived from 7-
dehydrocholesterol which is synthesized in skin. Inactive vitamin D is attained from 
diet and skin synthesis. The primary reaction is hydroxylation which occurs in a liver 
and changes vitamin D3 to 25-hydroxyvitamin D (25-OHD) via 25-hydroxylaes enzyme 
thus 25-hydroxy-vitamin D represents the level of vitamin D in a body. The secondary 
hydroxylation occurs in the kidney where 25-OHD is converted to an active vitamin D3 
that is 1,25-dihydroxyvitamin D (1,25(OH2)D3) or calcitriol and regulated by parathyroid 
hormone (PTH) and levels of calcium and phosphorus in the serums (36, 37). When 
1,25(OH2)D3 appears in blood circulation, it increases the potential of renal calcium, 
intestinal calcium and phosphorus absorption. After that, the enzyme 25-
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hydroxyvitamin D-24-hydroxylase (CYP24) is activated and it catabolizes both 25-
hydroxyvitamin D and 1,25-dihydroxyvitamin D into an inactive form calcitroic acid 
which excretes bile from the gall bladder (35). Likewise, 1,25(OH2)D3 binding with the 
VDR can act on various locations such as the small intestine, kidney, bones and the 
others tissues. After that, it stimulates absorption of calcium and phosphorus from diet 
and also promotes the reabsorption of calcium in the renal region (Fig.3) (38, 39).    

4.5 Non-classical actions of vitamin D  

Vitamin D receptor (VDR) is activated by other ligands so that it’s showed the 
uncorrelated between the distribution of VDR and mineral metabolism. The 
combination of 1,25(OH2)D3 and VDR is specificity to the transcription process in more 
than 200 genes which is related to cellular growth, differentiation, proliferation, anti-
inflammation, anti-fibrosis, maturation, inhibited renin-angiotensin axis and 
angiogenesis (Fig.3) (7, 40, 41). In the term of emphysema/COPD, non-classical action 
of vitamin D/VDR related with lung tissue remodeling and inflammatory response (9). 
Apart from above, 1,25(OH2)D3 can control the homeostasis of extracellular matrix in 
the other tissues beyond bones including lung and skin tissue through the modulation 
of transforming growth factor-β (TGF-β), matrix metalloproteinase (MMP) and 
plasminogen activator system (40). Interestingly, if the non-classical action of vitamin 
D/VDR complex cannot function in the lung, the VDR will lose to bind with vitamin D. 
This is because the smoking, resulting in attenuation of activity of vitamin D, causes 
malfunction in emphysema rat.  
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Figure 3 The schematic of classical and non-classical actions of vitamin D which 
involved with COPD patients (40). 

5. The classical MAP kinases (MAPKs) cascades 

The relevant conditions that is principally occurred in emphysema/COPD such 
as inflammation, imbalance of proteinase-antiprotease and/or oxidant-antioxidant 
cause lungs and airways damage. The possible changes of the cellular response and 
the expression of epithelial target genes will be involved to interaction between the 
cells after lung injury and parenchyma walls destruction which conducted by MAPKs 
signal transduction. Moreover, the outstanding of these cascades is activated by many 
stimulators including cigarette smoke, stress, mitogens and other environmental toxins 
that can motivate to similar cascades (42).  
 MAPKs or mitogen activated protein kinases can be divided into six subgroups 
but the main interest of almost study is three major subgroups which are extracellular 
signal-regulated kinases (ERK), c-Jun N-terminal kinases (JNK) and p38 MAPK.  

5.1 Extracellular regulated kinase (ERK) 

The dominant feature of MAP kinase in mammalian is ERK which consisting of 
two 90% similarity genes sequence: ERK-1 (p44) and ERK-2 (p42). The ERK cascade is 
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stimulated by mitogens and after growth factor bound to receptor or non-receptor 
tyrosine kinase is activated by autophosphorylation, it starts this cascade. The 
consequence of this ERK cascade often relates with cell proliferation (42). 

5.2 c-Jun N-terminal kinases (JNK) 

For JNK pathway is highly correlated with controlling of apoptosis program 

which is induced by UV light, cell stress, TNF-α, IL-1 and osmotic shock. Also, the 
inhibition of protein transformation, growth factor and change of temperature may 
affect stress to the cell that leads to activation and phosphorylation to many 
substrates, including mitochondrial Bcl-2 (42). But the information about the roles of 
JNK signaling in biological action is still inconclusive in the emphysema.  

5.3 p38 MAPK cascades 

Two main activating factors of P38 MAPK are inflammatory cytokines and 
environmental stress which affect alteration of transcription, protein synthesis, 
expression of cell surface receptor and cytoskeletal structure including influence the 
rate of cell survival or manage of programmed cell death (43). Especially, the roles of 
p38 MAPK is well known as it involved with the production of cytokines in immune 
cells. The study of Lee et al. revealed the capability of p38 enzymes in regulating   
TNF-α target genes which related to the inflammation (44).    

6. Cigarette smoke and MAPK activation in the lungs. 

Cigarette smoke is the one of stimulator which can activate many MAPK 
cascades among the lung injury condition in COPD. It is also doubted that cigarette 
smoke can alter ligand-receptor interaction or directly affect membrane-bound 
receptors. It is now known that cigarette smoke is related with rapid response in many 
kinase cascades which occurred within minutes. In this (fig.4), it shows the relationship 
between cigarette smoke and MAPK signaling in epithelial cells and inflammatory 
responses to cigarette smoke (42). 

The study of Mercer et al. in animal model and human study showed that 
there have been significantly increased of ERK1/2 in pulmonary of mice after cigarette 
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smoke exposure for 10 days and unsealed of significantly escalate of ERk1/2 in airways 
and alveolar epithelial cells of emphysema patients, respectively (45). In another 
study, Marumo et al. showed the significantly up-regulated of p38 MAPK in both acute 
and chronic cigarette smoke exposure in C57BL/6 mice which developed lung 
inflammation (14). In contrast, Mochida-Nishimura et al. studied on the baseline of 
MAPK in alveolar macrophage of smokers and nonsmokers showing  level of p38 MAPK 
of smokers significantly lower than nonsmokers whereas the activity of ERK1/2 and JNK 
MAPK are not different when compared between these two groups (46). These data 
recommended that cigarette smoke can activate through different MAPK cascades in 
various cells of the lungs. 

 
Figure 4 The association between cigarette smoke and MAPK activation and lung injury 
of COPD (42). 

The steroid hormone 1,25(OH2)D3 support biological responses via stimulation 
of MAPK cascades through steroid receptor coactivator (Src) in various cell types to 
induce non-genomic effects. In the recent years, Buitrago et al. suggested that non-
transcriptional actions of 1,25(OH2)D3 associated with VDR in infection C2C12 murine 
myoblasts that reduces the expression of VDR. When lacking of VDR, it indicates that 
1,25(OH2)D3-dependent activity of ERK vanished so it should be noted that VDR may 
involve in rapid response of 1,25(OH2)D3 and associated with the responses of cells 
survival and proliferation in skeletal muscle cells (34). 
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Uh and his colleagues who are the first group studied about the effect of 
cigarette smoke extracts (CSE) to the translocation of VDR which is one of the 
distribution of VDR data in cytoplasm and nucleus of A549 cells. Thus, they discovered 
that cigarette smoke extracts have influent to VDR distribution by inhibiting the 
translocation of VDR from nucleus to cytoplasm (5). Furthermore, they showed the 
result that ERK pathways activation significantly increased by CSE but the JNK and p38 
were not activated. Together with, when nuclear VDR was knocked down in myoblast 
cell line, it caused the upregulation of p38 and ERK which some of these cascades 
may involve with our condition (34). It’s still inconclusive about which cascades are 
related to VDR distribution after cigarette smoke exposure in vivo experiment.  

Although, there have been studied the effects of cigarette smoke extract to 
VDR distribution and alteration of MAPKs cascades but it was in vitro studied which 
different circumstance from in vivo. Moreover, this in vivo model related with the 
homeostasis which had the interacting between various cellular communication and 
adaptation in the lungs. Consequently, this is the first interesting study that performed 
to investigate the effect of the filter and non-filter cigarette smoke exposure to VDR 
distribution and MAPK alteration in cigarette smoke induced early emphysema rats.  
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Chapter III MATERIALS AND METHOD 

1. Research design and methods 

This study was conducted Thirty male Wistar rats, 210-250 g body weight. 
Before experimental process, the animals had to acclimatize in the appropriate 
environment for 1 week. After that, the animals were randomly divided into 6 groups 
and exposed under cigarette smoke instrument which modified from Brito et al study. 
Each Wistar rat was exposed to 6 cigarettes per day (3 cigarettes per time point at 
10.00 am and 14.00 pm, respectively) with filter and no-filter system for 7 and 14 days, 
each cigarette was generated smoke approximately 15 minutes (47). 
1.1 Animals   

Thirty male Wistar rats (body weight 210-250g) were obtained from the National 
Laboratory Animal Center, Salaya Campus, Mahidol University, Nakhonpathom, 
Thailand. The experimental procedures were conducted in accordance with the 
guidelines for experimental animals by National Research Council of Thailand, and 
authorized by the Committee of animal care, Faculty of Medicine, Chulalongkorn 
University (license number 009/2559). Each Wistar rat lived in the stainless cage in a 
room at 25˚C with 12:12 hour light-dark cycle and fed ad libitum for normal diet and 
water. Before the beginning of experiment, rats were acclimatized in the real place of 
the experiment for one week and their body weights were recorded daily at the same 
time during the experimental period. 

Sample size determination: the number of rats per group and per time point 
were performed as Brito et al. (47). They demonstrated that cigarette smoke exposure 
to rats was revealed significantly increase in emphysematous changes compared to a 
control group (emphysematous changes was 0.00±0.00 from control group and 
1.40±0.51 from experimental group; n=10/group). This study, we chose mean (x), and 
standard deviation (s) from emphysematous changes values in both experimental 
group and control group respectively. Because the emphysematous change is the 
major one of histopathological character of emphysema. Using the analysis of variance 
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to determine the sample size for each group(48). Thus, in this study we chose the 
number of rats per group per time point = 5. 

 

 
 

Figure 5 Sample size calculation from StatsToDo computer program (48). 
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1.2 Experimental protocol  

This flow chart below is the detail about experimental design. 

 

Figure 6 Experimental procedure. 
 
1.3 Cigarette smoke exposure  

Thirty male Wistar rats (6-8 weeks, 210-250g body weight) were used in the 
cigarette smoke exposure protocol followed by Brito et al. (47). Wistar rats were 
randomly divided into six groups which subdivided into two periods 7 days; 1) CS with 
filter, 2) CS without filter and 3) control groups and 14 days; 4) CS with filter, 5) CS 
without filter and 6) control groups. The exposure system generated the smoke 
composing of six components which are the inhalation chamber, air compressor, 
conduction pipes, cigarette filter articulation, cigarette cradle, ash and smoke storage 
box. 
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For the cigarette smoke with filter group, the animals were placed in the 
inhalation chamber then inserted the commercial cigarette filter to the cigarette filter 
articulation and the cigarette was lightened at the proximal portion of the connection 
pipe.  Switch on the air compressor to inhale the smoke constantly from storage box 
and push through the distal part to the animal in the chamber. In parts of the cigarette 
smoke without filter group, the cigarette was not covered with the filter which directly 
expose to the animal in the chamber.  Each cigarette generates smoke approximately 
15 minutes at every 10.00 and 14.00 throughout 7 and 14 days. For the control group, 
the animals were exposed to room air in the chamber as both cigarette smoke group 
with the same period for all of experiment procedures.  

 

Figure 7 Cigarette smoke exposure system (47). 
2. Lung pathological study 

2.1 Tissues collection and fixation 

On 8th and 15th day at the end of the experiment, rats were euthanized by 
intraperitoneal injection (IP) with overdose sodium pentobarbital (>100mg/kg) and 
collected both lungs of animal. From the previous publication, the left lung was 
inflated with 10% neutral buffer formalin at constant pressure 25 cmH2O for 15 minutes 
through intratracheal instillation (49) and then tied the trachea with the thread to 
prevent fixative leakage. Immersed the left lung in 10% neutral buffered formalin for 
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24-48 hours to complete the fixation process. This step used to preserve original 
properties of the tissues for the next studies.  

2.2 Tissues processing  

After fixation process, the lung tissues were performed by automated tissue 
processor. Firstly, the tissues were passed through gradient alcohol concentration; 70% 
(15 min), 95% (15 min) and 100% (15, 15, 30 and 45 min respectively) to reduce water 
content in the tissue which called “dehydration” step. Because melted paraffin wax 
has the insoluble qualification or hydrophobic, so the water in the tissue should be 
removed before it can be penetrated with wax that resulting in the distortion of the 
tissue during cutting process. Secondly, xylene is used to be an intermediate solvent 
which is miscible with melted paraffin wax and alcohol. We called this step “Clearing” 
because xylene is a good clearing agent to make tissues transparency from their high 
refractive index and it has the role in removing fat from tissue which emerge as an 
obstacle for paraffin wax infiltration. From our method, we immersed the tissues in the 
series of xylene as following 20, 20 and 45 min respectively. Thirdly, the paraffin wax 
has long been used for many years as the base-histological waxes which has melting 
point at 60˚C and can be penetrated into the tissue at this temperature then gradually 
to cool at 20˚C which provides the sections firm and easily to cut with microtome. For 
the routine wax infiltration process, ParaplastTM were used as typical histological waxes 
for wholly substitute the clearing agents by immersion for 30, 30 and 45 min serially. 
Finally, the last process was set up to establish the tissue into a “block” which 
facilitated to grip the block for microtome cutting. Thus, the tissue had to place on 
accurate orientation in a mould for good histological interpretation, put a cassette on 
top of the mould and topped up more paraffin wax with immediately transfer to the 
cold plate for solidify. In addition, the complete blocks can certainly to remove by 
observation from conveniently pull the blocks out of the mould (50).  
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Figure 8 Tissue processing procedure (50). 

2.3 Sectioning and H&E staining procedures 

Microtome is medical pathology instrument used to cut blocked tissue 
precisely. The tissues were excised into the sections of five µm of left basal lungs to 
determine histopathological analysis by microscopy. The sections were floated on 
warm water surface in a histology floatation bath to expand them and gather up on 
microscope slide. After that, prepared the sections as dry as possible readily available 
for staining.  

Hematoxylin and eosin (H&E) staining method is a popular method that suitable 
to estimate pathogenesis of lung rats in this study. Initially, the slides were filled in a 
slide holder and continued to deparaffinize and rehydrate process from the chart 
below. The sections were stained nucleus and cytoplasm by hematoxylin and eosin 
solutions respectively. For the last step, the slides were mounted with cover slip and 
dry overnight in hood until analysis by microscopy. 
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Figure 9 Hematoxylin and eosin staining process in lung tissue sections. 

2.4 Lung pathological evaluation 

In order to estimate tracheal epithelial cell changes, peribronchiolar 
proliferation, lung parenchymal infiltration and alveolar macrophage count. All 
parameters were analyzed by using semiquantitative method from the previous studies 
(51, 52) as shown in the table below and blinded by experience pathologist. The 
pathological scores are composed of 0-no change, 1-minimal, 2-moderate, 3-severe 
and 4-very severe.  

Firstly, tracheal epithelial cell changes were graded, where 0 indicated no 
change of tracheal epithelial cell, 1 indicated focal squamous cell metaplasia, 2 
indicated squamous cell metaplasia with hyperplasia, 3 indicated squamous cell 
metaplasia with hyperplasia and acute inflammation, and 4 indicated squamous cell 
metaplasia with hyperplasia and diffuse various inflammatory cells. Secondly, 
peribronchiolar epithelial cell proliferation was graded, where 0 indicated normal two-
layers epithelium, 1 indicated squamous dysplasia with focal to full thickness of 
epithelium by squamous cell, 2 indicated mild dysplasia with the lowest abnormalities 
with basal expansion, increase cellularity and limited to bottom third of epithelium, 3 
indicated moderate dysplasia with more abnormalities, extending to lower two thirds 
of epithelium, and 4 indicated severe dysplasia with cellular pleomorphism, frequent 
nuclei, basal zone to upper third of epithelium and superficial cell flattening. Thirdly, 
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lung parenchymal infiltration was graded by neutrophil and leukocytes infiltration, 
where 0 indicated no injury, 1 indicated injury to 25% of the field, 2 indicated injury to 
50% of the field, 3 indicated injury to 75% of the field, and 4 indicated diffuse injury. 
Lastly, alveolar macrophage count was graded, where 0 indicated no macrophage in 
alveolar spaces, 1 indicated 1-4 cells of macrophage in alveolar spaces, 2 indicated 5-
9 cells of macrophage in alveolar spaces, 3 indicated more than 10 cells of 
macrophage in alveolar spaces, and 4 indicated abundant cells of macrophage in 
alveolar spaces. The observation of all histological features was seen by using 
microscopy at 40X magnification with randomly ten fields per cut to cumulative scores 
for average score calculation. 

Table 1 Pathological scores evaluation Dogan and Kerr et al (51, 52). 
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3. Immunohistochemistry 

 Immunohistochemistry (IHC) is the confirmatory method that used to assist in 
studying the localization of antigens (proteins) in cells of tissue sections depend on 
binding of specific antibodies to antigens (53). Immunohistochemistry process consisted 
of seven procedures to completely perform until being visualized with microscopy 
analysis. 

3.1 Deparaffinization and rehydration 

 Tissue sections at 3 µm thickness were deparaffinized and rehydrated through 
gradient of xylene and alcohol concentration as Figure 11. Then, all sections were 
rinsed in tap water for 5 min. 

 

 

Figure 10 Deparaffinization and rehydration procedure for IHC. 
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3.2 Antigen retrieval 

 Antigen retrieval citrate buffer pH 6.0 (DAKO envision kit, USA) was conducted 
to cover all sections and took into the microwave by using heat-induced epitope 
retrieval. Microwave was set at hi-power 100P for 3 min and continue microwaving low-
power 30P for 10 min. Then, left the sections at room temperature for 30 min and 
running in tap water to eliminate surplus retrieval buffer for 5 min. 

3.3 Blocking endogenous target activity and non-specific protein 

 To prevent false positive interpretation, blocking endogenous activity is an 
important step to concentrate and using hydrogen peroxide blocking endogenous 
peroxidase. These endogenous cells’ component can interfere the antigens detection 
by generating background staining. After retrieve antigens, sections were placed on IHC 
performing chamber that containing water to moisture sections. Dako pen (DAKO 
envision kit) was used to whirl around the tissue sections to prevent leakage and save 
of substrates throughout IHC process. 3% Hydrogen peroxide (H2O2) was used to block 
endogenous peroxidase for 10 min at room temperature. The sections were rapidly 
removed hydrogen peroxide and run in tap water for 5 min. Then, the slides were 
washed in wash buffer for 5 min. After that, the slides were incubated with antibody 
diluent for blocking non-specific protein about 10 min at room temperature. 

3.4 Sample labeling 

 After removing antibody diluent, cover circled areas were then incubated at 
4˚C overnight with primary antibody by using Polyclonal, anti-rabbit VDR (cat. no. NBP1-
51322; 1:300 dilution; Novus Biologicals, Littleton, USA). The slides were removed 
primary antibody and rinse in wash buffer 2 times for 5 min/wash. To amplify primary 
antibody signal, commercial secondary antibody from DAKO envision system was 
incubated for 30 min at room temperature. Envision detection system (peroxidase 
labeled polymer) was used to detected antigen targets through chromogenic method 
relied on antibodies conjugated to enzymes. Envision system HRP (Anti-rabbit) was 
covered on circle areas in humidity chamber for 30 min at room temperature and 
subsequently washed by wash buffer 2 times for 5 min/wash. Substrate chromogen 
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detection include diaminobenzidene (DAB) was prepared by using DAB substrate buffer 
1 ml to DAB liquid 1 drop from this formula: Sample (n) x 2 x 100 µl = total DAB. 
Prepared DAB was dripped 100 µl of DAB substrates on cover circle areas and incubated 
for 5 min to precipitate brown color on tissue samples. Suddenly, all slides were 
transferred to run in tap water 10 min for inactivation of DAB reaction. 

3.5 Counterstain 

Counterstain gives prominently contrast to the prior stain and usually 
supplement after staining of antibody. Therefore, hematoxylin was generally used as 
a counterstain detection for IHC detection. This step carried on by steeping all slides 
in hematoxylin jar for 1-2 min and then running in tap water for 5 min. Afterwards, all 
slides were passed through dehydration and clearing processes followed by figure 11 
below to prepare for mounting step.   

 

 

Figure 11 Series of dehydration and clearing procedures for IHC. 
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3.6 Mounting  

 After completed slides staining processes, the sample should be protected 
from damaging for long term preservation by applying the suitable mounting solution. 
For a good visualization, the cover slip glasses should be sealed the samples without 
bubbles and others artifacts.  

3.7 Quantitative evaluation 

Samples were analyzed and capture through microscopy in TIFF format files 
and transferred to the computer for estimation. Positive cells of pneumocytes type II 
were counted in five randomly fields and expressed as positive cells per lung tissues 
area (µm2).   

4. Western Blot analysis 

4.1 Sample preparation 

4.1.1 Whole cells extraction  

For total protein extraction from tissue samples was used T- PER protein 
extraction reagent ( Thermo Scientific, Rockford, IL, USA) .  All procedures were 
performed step by step followed by the data sheet.  Firstly, the tissue samples were 
weighted, used a ratio of ~ 1g of tissue to 20 mL T-PER Reagents. Secondly, the tissue 
samples were homogenized after adding T- PER Reagent in the suitable volumes. 
Thirdly, the samples were centrifuged at 10,000 × g for 5 minutes to pellet cell/tissue 
debris.  Finally, the supernatants were collected at -80 ˚C until used and carried out 
with western blot analysis or further purification. 

4.1.2 Cytoplasmic and nuclear protein extraction 

Nuclear and cytoplasmic proteins were separated by using NE-PER nuclear and 
cytoplasmic extraction reagents kit (Thermo Scientific, Rockford, IL, USA) followed the 
guideline in the manufacturer. The frozen lung tissue weight 20-100 mg was cut in 
small pieces and placed in a microcentrifuge tube. Tissue was washed with ice-cold 
PBS and centrifuged at 500 g for 5 minutes. Then, they were removed and discarded 
by the supernatant with a pipette. After that, left the pellet as dry as possible and 
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homogenized tissue by Dounce homogenizer or tissue grinder in appropriate volume 
of cytoplasmic extraction reagent I (CER I). Next, immediately vortex the tube on the 
highest setting for 15 seconds for suspending the cell pellet and incubating on ice for 
10 minutes. After adding cytoplasmic extraction reagent II (CER II), all tubes were 
centrifuged at 16,000 g for 5 minutes. The supernatants were used as the cytoplasm 
and stored at -80˚C until it is used. All pellet tubes were added with nuclear extraction 
reagent (NER) in ice-cold and vortex 5 seconds at the highest setting for suspending 
the insoluble fraction. Recurrent vortex for 15 seconds, the samples were placed on 
ice and carry on vortex for 15 seconds every 10 minutes for 40 minutes. Then, all 
samples were centrifuged at 16,000 g for 10 minutes and suddenly transferred the 
supernatant (nuclear extract) fraction into clean pre-chilled tubes on ice which were 
stored at -80˚C until it is used. This supernatant was the nucleus protein which carried 
on to analyzed by western blot in further study step. 

4.2 Total protein calculation by bicinchoninic acid (BCA) assay 

 Total protein concentration was measured by The Thermo ScientificTM PierceTM 
BCA protein assay (Thermo Scientific, Rockford, IL, USA) which suitable for the 
colorimetric detection and quantification of total protein concentration. This method 
was highly sensitive and compatible with the cuprous cation (Cu1+) for colorimetric 
detection by using this specific detergent. The essential component of this detergent, 
bicinchoninic acid was bound with the reduction of Cu2+ to Cu1+ via an alkaline medium 
containing protein and expressed the purple color which represented reaction formed 
of the chelation of two molecules BCA with one cuprous ion. This complex form 
displays an absorbance at 562 nm that give approximately linear directions of 
increasing protein concentration from protein standard range (20-2000 µg/mL). Hence, 
total protein concentration from the sample of interest can be estimated by comparing 
with protein standards (54).   

 To calculate unknown total protein concentration for each sample, standards 
blanks and samples were transferred to 96-well plate by using 1:10 ratio so added 6 
µl of those samples, 54 µl of diluent and 200 µl of BCA working reagent with gently 
shook to mix well. After that, 96-well plate was incubated at 37˚C for 30 minutes and 
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microplate reader (Microplate spectrophotometer, Thermo scientific) was used to 
interpret the absorbance at 562 nm followed by manual guide. All optical density 
(O.D.) values of 9 standards were plotted by subtracting blanks values to generate the 
standard curve. The standard curve equation was acquired to calculate the total 
protein concentration of all samples represented from Figure 12. 

         

 
Figure 12 The examples of optical density values measurement from microplate 
reader and standard curve of 9 standards plot. 
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4.3 Electrophoresis method (SDS-PAGE) 

Electrophoresis system was adopted to compile all proteins together and 
loaded among optimum condition to separating proteins by their molecular weight 
which necessary to selecting properly power supply and maintaining the temperature 
during separation process. For the running gel, composed of two parts such as 10% 
polyacrylamide gel for separating gel and 5% for stacking gel (see the formula in 
Appendix 5).  

The running gel was prepared by mixing all substrates excepted 
Tetramethylethylenediamine (TEMED) and Ammonium persulfate (APS) because both 
of these play an important role in polymerization of acrylamide and bis-acrylamide 
cross linkage. TEMED and APS were lastly added in running gel due to TEMED had a 
property to catalyzing free radicals from APS that it can accelerate acrylamide 
polymerization. The running gel was filled between 2 glasses plate and permitted to 
set about 45 to 60 min. The stacking gel was also prepared and filled on the top of 
running gel then inserting the comb carefully on stacking gel and let the gel set as 
equal time as separating gel. After running gel already set, the comb was removed and 
sample lysates were loaded equivalent volumes of 50 µg/µl into the wells of sodium 
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) following short boiling 
of the samples. Protein marker was also loaded on the left side of the gel as molecular 
weight comparable during protein running. Running buffer (see formula in Appendix 6) 
was loaded to complete this electrophoresis system. Protein samples were aggregated 
by using 80 V for 30 min in stacking gel and separated at 120V for 90 min in separating 
gel respectively.     

4.4 Protein transfer to PVDF membrane   

The polyvinylidene fluoride (PVDF) was applied as transfer membrane because 
there are various characteristics such as highly protein binding capacity, high sensitivity 
to detect, better for retention of protein absorption and higher chemical resistance. 
After electrophoresis protein separation, proteins were transferred to PVDF membrane 
(Immobilon-P PVDF membrane, Merck Millipore) using wet tank transfer system (Mini 
Trans-Blot® Cell, Bio-rad). Initially, PVDF membrane was activated with methanol for 1 
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min and transferred to washing with DDW as equal time. Then, 1X transfer buffer 
volume 1.5 L was added into clean box for soaking all equipment such as filter paper, 
gel holder cassette, foam pads including membrane before protein transferring 
procedure. From the cathode (-) to anode (+) side, one foam pad was placed on the 
bottom followed by two wet filter papers and the gel was placed at the next order. 
Then, membrane was placed on the gel accompanied by another two wet filter papers 
with foam pad on the top of transferring system. After sealing gel holder cassette, 
transfer buffer was poured into transfer tank at the recommended point. The 
electroblotted was set constant voltage at 90V and run for 90 min. The membrane 
was removed and washed in 1xPBS with 0.1%Tween (PBST) to eliminate over transfer 
buffer.  

 

Figure 13 Protein transferring on PVDF membrane via wet tank system. 

4.5 Immunoblotting 

Immunoblotting is a scientific technique that used to tagging specific antibodies 
to specific protein of interest in protein mixture samples. After protein transfer step, 
membrane was incubated with 1% bovine serum albumin (BSA) for blocking non-
specific protein overnight. The membranes were transferred to primary antibody 
solution which prepared between specific antibodies and 1%BSA in 1XPBST. The 
following primary antibodies were used; Polyclonal, anti-rabbit VDR (cat. no. NBP1-
51322; 1:1,000 dilution; Novus Biologicals, Littleton, USA), monoclonal, anti-rabbit p-
ERK1/2 (cat. no. 4376; 1:1,000 dilution; Cell Signaling Technology, Inc., Danvers MA, 
USA), monoclonal, anti-rabbit p-JNK (cat. no. 4668; 1:1,000 dilution; Cell Signaling 
Technology, Inc., Danvers MA, USA), monoclonal, anti-rabbit p-p38 (cat. no. 4511; 
1:1,000 dilution; Cell Signaling Technology, Inc., Danvers MA, USA), monoclonal, anti-
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rabbit β-actin (cat. no. 4970; 1:10,000 dilution; Cell Signaling Technology, Inc., Danvers 
MA, USA) and monoclonal, anti-rabbit Lamin B1 (cat. no. ab133741; 1:10,000 dilution; 
Abcam, Cambridge MA, USA). The membranes were incubated at room temperature 
for 1 hour in PBST with 1%BSA. After washing three times with PBST, the membranes 
were incubated with secondary antibody (Anti-rabbit IgG, HRP-linked Antibody, cat. no. 
7074; 1:10,000 dilution; Cell Signaling Technology, Inc., Danvers MA, USA) for 60 min at 
room temperature. The membranes were then washed six times 10 min/wash in PBST 
to reduce background appearance.  

4.6 Protein detection and analysis 

 Molecular Imager® ChemiDoc Touch (Bio-rad) was developed to detect protein 
signals based on Superignal West Femto maximum sensitivity substrate (Thermo 
Scientific) or enhanced chemiluminescence kit (ECL). The membrane was inserted in 
the tray and dropped appropriate volumes of prepared ECL all over the membrane. 
Incubated membrane in the machine around 75 seconds and chose automatically 
chemiluminescence tap to detecting protein signals. All image results were imported 
to the computer in TIFF format and band densities were analyzed via Image LabTM 5.2 
(Bio-rad) analysis program. Each band density was analyzed by using volume tools 
mode and automatically subtracted background values in every band for an accurate 
estimation and avoid bias. The levels of VDR protein expression was shown as ratio 

between relative density of VDR to β-actin (VDR/actin ratio) for whole cell and 
cytoplasm whereas Lamin B1 (LMB1) was used as normalized protein in part of nucleus. 
Relative density of three targeted MAPK was shown in the ratio of phosphorylated form 

to β-actin and Lamin B1 as described above. In addition, cytoplasmic of p-ERK, p-JNK 

and p-p38 were reported as p-ERK/ β-actin, p-JNK/β-actin and p-p38/β-actin whereas 
nuclear of p-ERK, p-JNK and p-p38 were reported as p-ERK/LMB1, p-JNK/LMB1 and p-
p38/LMB1 respectively.  
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5. Statistical analysis 

 All data were expressed as mean ± standard error of measurement (SEM). One-
way analysis of variance (one-way ANOVA) was inducted to compare the differences 
of all histological parameters, immunohistochemistry results, VDR distribution and 
MAPK subtypes protein expression among all groups of animals followed by Tukey’s 
HSD post hoc test. Differences statistically significant were reported at p<0.05 and 
statistical analysis was performed by SPSS software version 22. 
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Chapter IV RESULTS 

1. The effects of cigarette smoke exposure on lung histopathological changes 

 To evaluate the effects of cigarette smoke with no-filter and filter on lung 
histopathological changes in acute (7 days) and subacute (14 days) emphysema rat 
models. The left basal lung sections were stained with H&E method which provided 
the results as shown in table 2.1 and 2.2. 
 After 7 days smoke exposed to rats’ lung, the results demonstrated that the 
prior event that obviously occurred in this condition was alveolar macrophage 
infiltrated into the alveolar spaces. No-filter and filter groups were significantly (p<0.05) 
escalated of alveolar macrophage when compared to control group. After that, there 
was significantly (p<0.05) augmented of peribronchiolar epithelial cell proliferation in 
no-filter group and tended to increase in filter group as compared with control. Besides, 
tracheal epithelial cell changes and lung parenchymal infiltration showed increasing 
trended in both cigarette smoked exposure groups when compared with control. 
Eventually, all lung histopathology parameters of no-filter group be liable to severe 
more than filter group in acute (7 days) phase. 

Table 2.1 Histopathological examination data of all groups after 7 days exposure 

 
Data were expressed as mean ± SEM; n=5 for each group. 
*p<0.05 when compared to control group.  
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 After 14 days of cigarette smoked exposure, not only both no-filter and filter 
groups were significantly (p<0.05)  increased of alveolar macrophage count, but also 
tracheal epithelial cell changes became another one parameter which significantly 
increased ( p<0.05)  in both cigarette smoked groups as compared with control. 
Furthermore, peribronchiolar epithelial cell proliferation of no-filter group was 
significantly (p<0.05) increased after 14 days smoke exposure whereas filter group was 
prone to increase when compared with control. Nevertheless, lung parenchymal 
infiltration had tended to increase of both cigarette smoked groups but not significantly 
different. Lastly, the subacute (14 days) phase after cigarette smoked exposure showed 
nearly alveolar macrophage influx of both cigarette smoked groups and higher severity 
of residues parameters of no-filter group than filter group. 

Table 2.2 Histopathological examination data of all groups after 14 days exposure 

 
Data were expressed as mean ± SEM; n=5 for each group. 
*p<0.05 when compared to control group. 
 
 
 
 
 
 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

45 

1.1 Tracheal epithelial cell changes 

 Cigarette smoke exposure with no-filter and filter on 7 and 14 days can alter 
tracheal epithelial cells changes by altering various criterions such as the altering of 
pseudostratified ciliated columnar epithelial cells to squamous cell metaplasia, 
hyperplasia and diffusion of inflammatory cells into the lamina propria. The current 
study showed the trend of increased tracheal epithelial cells changes of no-filter 
(1.40±0.51 vs 0.00±0.00) and filter groups (1.00±0.31 vs 0.00±0.00) on 7 days when 
compared with control. Moreover, on 14 days, there were significantly increased of 
tracheal epithelial cells changes score in both no-filter (2.20±0.49 vs 0.00±0.00) and 
filter groups (1.60±0.40 vs 0.00±0.00) when compared with control. 

 

Figure 14 Acute and subacute effect of cigarette smoke exposure with no-filter and 
filter on tracheal epithelial cells changes. The left panel showed tracheal epithelial 
cells of control groups that exposed with room air condition on 7 and 14 days (A,D). 
The middle panel represented tracheal epithelial cells changes of no-filter groups that 
exposed to cigarette smoke on 7 and 14 days (B,E). The right panel exhibited tracheal 
epithelial cells changes of filter groups that exposed to cigarette smoke on 7 and 14 
days respectively (C,F). n=5 animals per group. Magnification 40x. 
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Figure 15 Tracheal epithelial cells changed of control group after room air exposure 
for 7 days. Red arrows indicated the epithelial cells that used to grade 
histopathological score. n=5 animals per group. Magnification 40x.  
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Figure 16 Tracheal epithelial cells changed of no-filter group after cigarette smoke 
exposure for 7 days. Red arrows indicated the epithelial cells that used to grade 
histopathological score. n=5 animals per group. Magnification 40x. 
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Figure 17 Tracheal epithelial cells changed of filter group after cigarette smoke 
exposure for 7 days. Red arrows indicated the epithelial cells that used to grade 
histopathological score. n=5 animals per group. Magnification 40x. 
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Figure 18 Tracheal epithelial cells changed of control group after room air exposure 
for 14 days. Red arrows indicated the epithelial cells that used to grade 
histopathological score. n=5 animals per group. Magnification 40x. 
 
 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

50 

 
 
Figure 19 Tracheal epithelial cells changed of no-filter group after cigarette smoke 
exposure for 14 days. Red arrows indicated the epithelial cells that used to grade 
histopathological score. n=5 animals per group. Magnification 40x. 
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Figure 20 Tracheal epithelial cells changed of filter group after cigarette smoke 
exposure for 14 days. Red arrows indicated the epithelial cells that used to grade 
histopathological score. n=5 animals per group. Magnification 40x. 
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1.2 Peribronchiolar epithelial cell proliferation 

 This study applied the bronchiolar epithelial cells proliferation to the 
pathological parameter from two cigarette smoke exposure types on acute and 
subacute phase. The results showed that not only significantly increased of bronchiolar 
epithelial cell proliferation of no-filter group when compared with control (2.40±0.67 
vs 0.00) on 7 days, but also filter group (0.80±0.80 vs 0.00) was expressed a tendency 
of proliferative effect as the same time. Furthermore, there were significantly more 
extended of peribronchiolar epithelial cells proliferation in no-filter group as compared 
with control (2.60±0.40 vs 0.00) on 14 days together with the inclination of 
peribronchiolar epithelial cells proliferation of filter group (1.40±0.51 vs 0.00) on 14 
days when compared with control. 

 

Figure 21 Acute and subacute effect of cigarette smoke exposure with no-filter and 
filter on peribronchiolar epithelial cells proliferation. The left panel demonstrated 
peribronchiolar epithelial cells of control group that exposed with room air condition 
on 7 and 14 days (A,D). The middle panel showed peribronchiolar epithelial cells 
proliferation after cigarette smoke exposure of no-filter group on 7 and 14 days (B,E). 
The right panel presented peribronchiolar epithelial cells proliferation after cigarette 
smoke exposure of filter group on 7 and 14 days respectively (C,F). n=5 animals per 
group. Magnification 40x. 
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Figure 22 Peribronchiolar epithelial cells of control group after room air exposure for 
7 days. Red arrows indicated the epithelial cells that used to grade histopathological 
score. n=5 animals per group. Magnification 40x. 
 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

54 

 
 
Figure 23 Peribronchiolar epithelial cells of no-filter group after cigarette smoke 
exposure for 7 days. Red arrows indicated the epithelial cells that used to grade 
histopathological score. n=5 animals per group. Magnification 40x. 
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Figure 24 Peribronchiolar epithelial cells of filter group after cigarette smoke exposure 
for 7 days. Red arrows indicated the epithelial cells that used to grade 
histopathological score. n=5 animals per group. Magnification 40x. 
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Figure 25 Peribronchiolar epithelial cells of control group after room air exposure for 
14 days. Red arrows indicated the epithelial cells that used to grade histopathological 
score. n=5 animals per group. Magnification 40x. 
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Figure 26 Peribronchiolar epithelial cells of no-filter group after cigarette smoke 
exposure for 14 days. Red arrows indicated the epithelial cells that used to grade 
histopathological score. n=5 animals per group. Magnification 40x. 
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Figure 27 Peribronchiolar epithelial cells of filter group after cigarette smoke exposure 
for 14 days. Red arrows indicated the epithelial cells that used to grade 
histopathological score. n=5 animals per group. Magnification 40x. 
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1.3 Lung parenchymal inflammatory cell infiltration 

 Lung parenchymal inflammatory cell infiltration was used as one of the 
inflammatory parameter via determining of neutrophils and leukocytes that infiltrate 
into the lung parenchyma after cigarette smoke exposure. The results of this parameter 
suggested that the tendency of lung parenchymal inflammatory cell infiltration in both 
no-filter (7D: 0.80±0.12, 14D: 1.00±0.00) and filter groups (7D: 0.90±0.29, 14D: 0.90±0.18) 
were increased when compare to control group after exposed to cigarette smoke on 
7 and 14 days respectively. 

 

Figure 28 Acute and subacute effect of cigarette smoke exposure with no-filter and 
filter to lung parenchymal inflammatory cells infiltration. The left panel showed lung 
parenchymal infiltration of control groups that exposed with room air condition on 7 
and 14 days (A,D). The middle panel showed lung parenchymal inflammatory cells 
infiltration after cigarette smoke exposure of no-filter groups on 7 and 14 days (B,E). 
The right panel presented lung parenchymal inflammatory cells infiltration after 
cigarette smoke exposure of filter groups on 7 and 14 days respectively (C,F). The red 
arrows indicated the areas of inflammatory cells infiltration. n=5 animals per group. 
Magnification 40x. 
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Figure 29 Lung parenchymal inflammatory cells infiltration of control group after room 
air exposure for 7 days. Red arrows indicated the area of inflammatory cells infiltration 
that used to grade histopathological score. n=5 animals per group. Magnification 40x. 
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Figure 30 Lung parenchymal inflammatory cells infiltration of no-filter group after 
cigarette smoke exposure for 7 days. Red arrows indicated the area of inflammatory 
cells infiltration that used to grade histopathological score. n=5 animals per group. 
Magnification 40x. 
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Figure 31 Lung parenchymal inflammatory cells infiltration of filter group after cigarette 
smoke exposure for 7 days. Red arrows indicated the area of inflammatory cells 
infiltration that used to grade histopathological score. n=5 animals per group. 
Magnification 40x. 
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Figure 32 Lung parenchymal inflammatory cells infiltration of control group after room 
air exposure for 14 days. Red arrows indicated the area of inflammatory cells infiltration 
that used to grade histopathological score. n=5 animals per group. Magnification 40x. 
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Figure 33 Lung parenchymal inflammatory cells infiltration of no-filter group after 
cigarette smoke exposure for 14 days. Red arrows indicated the area of inflammatory 
cells infiltration that used to grade histopathological score. n=5 animals per group. 
Magnification 40x. 
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Figure 34 Lung parenchymal inflammatory cells infiltration of filter group after cigarette 
smoke exposure for 14 days. Red arrows indicated the area of inflammatory cells 
infiltration that used to grade histopathological score. n=5 animals per group. 
Magnification 40x. 
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1.4 Alveolar macrophage count 

 Alveolar macrophage count was used as another parameter to ensure 
inflammatory process by counting the influx of alveolar macrophages into the alveolar 
spaces. The results demonstrated that there were significantly escalated of alveolar 
macrophage count of both no-filter (1.60±0.16 vs 0.52±0.08) and filter (1.48±0.31 vs 
0.52±0.08) groups on 7 days after cigarette smoke exposure when compared with 
control. Likewise, the alveolar macrophage count of both no-filter (1.64±0.14 vs 
0.64±0.11) and filter (1.80±0.32 vs 0.64±0.11) groups were significantly increased like 
dose dependent manner for 14 days after cigarette smoke exposure. 

 

Figure 35 Acute and subacute effect of cigarette smoke exposure with no-filter and 
filter to alveolar macrophages count in the alveolar spaces. The left panel showed 
slightly alveolar macrophage in alveolar spaces of control groups that exposed with 
room air condition on 7 and 14 days (A,D). The middle panel showed alveolar 
macrophage infiltration in the alveolar spaces after cigarette smoke exposure of no-
filter groups on 7 and 14 days (B,E). The right panel presented alveolar macrophage 
infiltration in the alveolar spaces after cigarette smoke exposure of filter groups on 7 
and 14 days respectively (C,F). The red arrows indicated the alveolar macrophages in 
the alveolar spaces of the samples. n=5 animals per group. Magnification 40x. 
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Figure 36 Alveolar macrophages count of control group after room air exposure for 7 
days. Red arrows indicated macrophage in the alveolar space that used to grade 
histopathological score. n=5 animals per group. Magnification 40x. 
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Figure 37 Alveolar macrophages count of no-filter group after cigarette smoke 
exposure for 7 days. Red arrows indicated macrophages in the alveolar space that used 
to grade histopathological score. n=5 animals per group. Magnification 40x. 
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Figure 38 Alveolar macrophages count of filter group after cigarette smoke exposure 
for 7 days. Red arrows indicated macrophages in the alveolar space that used to grade 
histopathological score. n=5 animals per group. Magnification 40x. 
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Figure 39 Alveolar macrophages count of control group after room air exposure for 14 
days. Red arrows indicated macrophage in the alveolar space that used to grade 
histopathological score. n=5 animals per group. Magnification 40x. 
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Figure 40 Alveolar macrophages count of no-filter group after cigarette smoke 
exposure for 14 days. Red arrows indicated macrophages in the alveolar space that 
used to grade histopathological score. n=5 animals per group. Magnification 40x. 
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Figure 41 Alveolar macrophages count of filter group after cigarette smoke exposure 
for 14 days. Red arrows indicated macrophages in the alveolar space that used to grade 
histopathological score. n=5 animals per group. Magnification 40x. 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

73 

2. Western blot analysis of VDR distribution and MAPK protein expression 

2.1 Whole cell VDR distribution and MAPK protein expression in lung tissue after 
cigarette smoke exposure on 7 and 14 days  

The right lung was used to determine VDR distribution, whole cell VDR 
distribution showed equally level of VDR distribution between control and filter groups 
on 7 days with slightly reduced in no-filter group. While, 14 days results exhibited 
declination trend of VDR expression in filter group which contrary to no-filter group 
when compared with control (Figure 42).  
 The band intensities of whole cell p-ERK protein expression not differed level 
of cigarette smoked groups on 7 days when compared with control group. In contrast, 
cigarette smoked with no-filter and filter groups showed meagerly increased level of 
p-ERK than control group on 14 days (Figure 43). 
 Whole cell p-JNK expression showed higher level of no-filter group whilst filter 
group was similar level of p-JNK when compared to control on 7 days.  Moreover, both 
of cigarette smoked groups were upregulated of p-JNK protein level on 14 days after 
smoke exposed as compared with control group (Figure44).     
 At last, whole cell p-p38 protein expression of no-filter group was significantly 
(p<0.05) escalated on 7 days and significantly (p<0.05) decreased on 14 days when 
compared with control and the same group on 7 days. While filter group displayed 
slightly increased of p-p38 protein levels on 7 days and significantly (p<0.05) increased 
on 14 days when compared with control and no-filter group in similar period (Figure45). 
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Figure 42 Effect of cigarette smoke exposure with no-filter and filter to whole cell VDR 
distribution on 7 and 14 days of lung rats.  

 

Figure 43 Effect of cigarette smoke exposure with no-filter and filter to whole cell  
p-ERK protein expression on 7 and 14 days of lung rats.  
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Figure 44 Effect of cigarette smoke exposure with no-filter and filter to whole cell  
p-JNK protein expression on 7 and 14 days of lung rats.  
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Figure 45 Effect of cigarette smoke exposure with no-filter and filter to whole cell  
p-p38 protein expression on 7 and 14 days of lung rats. 
†, p<0.05 when compared with control group 
†a, p<0.05 when compared with no-filter group on 7 days 
†b, p<0.05 when compared with no-filter group and filter groups on 14 days 
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2.2 VDR distribution between cytoplasmic and nuclear compartments in lung 
tissue after cigarette smoke exposure on 7 and 14 days  

After 7 days cigarette smoked exposure, cytoplasmic VDR distribution in rats’ 
lung exhibited the reduction of VDR distribution in both cigarette smoked groups with 
significantly ( p<0. 05)  decreased in filter group when compared to control. While 
nuclear compartment showed the similar trended of VDR levels as cytoplasmic 
compartment in both cigarette smoked groups but higher level than those (Figure 46).  
 After 14 days cigarette smoked exposure, cytoplasmic part had tended to 
decrease the level of VDR distribution in both no-filter and filter groups when 
compared with control. Moreover, nuclear part was significantly (p<0.05)  declined of 
VDR distribution level in filter group when compared with control and no-filter groups. 
In the other hand, nuclear VDR distribution of no-filter group was slightly reduced when 
compared with control and significantly (p<0. 05)  higher than the same group in the 
cytoplasmic content (Figure 47). 
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Figure 46 Effect of cigarette smoke exposure with no-filter and filter to VDR distribution 
in cytoplasm (cVDR) and nucleus (nVDR) after 7 days exposed of lung rats. 

Relative density of cytoplasm represented as ratio of VDR/β-actin 
Relative density of nucleus represented as ratio of VDR/Lamin B1 
*d, p<0.05 compared between filter groups in cytoplasm and nucleus  
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Figure 47 Effect of cigarette smoke exposure with no-filter and filter to VDR distribution 
in cytoplasm (cVDR) and nucleus (nVDR) after 14 days exposed of lung rats. 
*, p<0.05 compared with control group 
*b, p<0.05 compared between both CS groups in nucleus 
*c, p<0.05 compared between no-filter groups in cytoplasm and nucleus 
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2.3 p-ERK (p42, sensitive form) between cytoplasmic and nuclear compartments 
in lung tissue after cigarette smoke exposure on 7 and 14 days  

After 7 days of cigarette smoked exposure, cytoplasmic and nuclear p-ERK (p42) 
expression were highly augmented in no-filter groups whereas filter and control groups 
in both locations had equally levels of p-ERK (p42) protein expression (Figure 48).  

Also, the levels of p-ERK (p42) had similar pattern in cytoplasm and nucleus of 
all experimental groups on 14 days after smoked exposure. By which both no-filter 
groups were gradually increased when compared to control and filter groups were 
higher level than no-filter groups in both sites (Figure 49). 

 

 

Figure 48 Cytoplasmic and nuclear p-ERK (p42) protein expression after cigarette 
smoke exposure with no-filter and filter on 7 days of lung rats. 

Relative density of cytoplasm represented as ratio of p-ERK(p42)/β-actin 
Relative density of nucleus represented as ratio of p-ERK(p42)/Lamin B1 
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Figure 49 Cytoplasmic and nuclear p-ERK (p42) protein expression after cigarette 
smoke exposure with no-filter and filter on 14 days of lung rats. 

Relative density of cytoplasm represented as ratio of p-ERK(p42)/β-actin 
Relative density of nucleus represented as ratio of p-ERK(p42)/Lamin B1 
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2.4 p-ERK ( p44, less sensitive form)  between cytoplasmic and nuclear 
compartments in lung tissue after cigarette smoke exposure on 7 and 14 days 

 p-ERK (p44)  protein expression after 7 days of cigarette smoked exposure was 
inactivated in both no-filter and filter groups when compared with controls of 
cytoplasm and nucleus (Figure 50).  

Likewise, p-ERK ( p44)  protein expression on 14 days, control and no-filter 
groups were closely levels of p-ERK (p44) protein expression whereas filter group was 
gradually increased in both cytoplasmic and nuclear compartments (Figure 51). 

 

Figure 50 Cytoplasmic and nuclear p-ERK (p44) protein expression after cigarette 
smoke exposure with no-filter and filter on 7 days of lung rats. 

Relative density of cytoplasm represented as ratio of p-ERK(p44)/β-actin 
Relative density of nucleus represented as ratio of p-ERK(p44)/Lamin B1 
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Figure 51 Cytoplasmic p-ERK (p44) protein expression after cigarette smoke exposure 
with no-filter and filter on 14 days of lung rats. 

Relative density of cytoplasm represented as ratio of p-ERK(p44)/β-actin 
Relative density of nucleus represented as ratio of p-ERK(p44)/Lamin B1 
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2.5 p-JNK ( p46, less sensitive form)  between cytoplasmic and nuclear 
compartments in lung tissue after cigarette smoke exposure on 7 and 14 days 

After 7 days of cigarette smoked exposure, cytoplasmic and nuclear 
compartments exhibited slightly increased of p-JNK (p46) protein expression in both 
filter groups while control and no-filter groups had nearly levels of this expression 
(Figure 52). 

After 14 days of cigarette smoked exposure, cytoplasmic p-JNK (p46) of no-filter 
group showed higher level than control and filter groups. In contrast, nuclear p-JNK 
(p46) of both cigarette smoked groups had similar levels when compared with control 
group (Figure 53). 
 

 

Figure 52 Cytoplasmic and nuclear p-JNK (p46) protein expression after cigarette 
smoke exposure with no-filter and filter on 7 days of lung rats. 

Relative density of cytoplasm represented as ratio of p-JNK(p46)/β-actin 
Relative density of nucleus represented as ratio of p-JNK(p46)/Lamin B1 
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Figure 53 Cytoplasmic and nuclear p-JNK (p46) protein expression after cigarette 
smoke exposure with no-filter and filter on 14 days of lung rats. 

Relative density of cytoplasm represented as ratio of p-JNK(p46)/β-actin 
Relative density of nucleus represented as ratio of p-JNK(p46)/Lamin B1 
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2.6 p-JNK (p54, sensitive form) between cytoplasmic and nuclear compartments 
in lung tissue after cigarette smoke exposure on 7 and 14 days 

p-JNK (p54) protein expression displayed nearly upregulated pattern in 
cytoplasmic and nuclear compartments after 7 days cigarette smoked exposure. By 
which no-filter group was highly increased while filter group was gently increased in 
cytoplasm. For nuclear part, both no-filter and filter groups were slightly increased of 
p-JNK (p54) protein expression when compared to control (Figure 54). 

After 14 days of cigarette smoked exposure, cytoplasmic and nuclear of no-
filter and filter groups showed higher levels of p-JNK (p54) protein expression when 
compared to control which responded similar pattern as 7 days exposure (Figure 55). 
 

 

Figure 54 Cytoplasmic and nuclear p-JNK (p54) protein expression after cigarette 
smoke exposure with no-filter and filter on 7 days of lung rats. 

Relative density of cytoplasm represented as ratio of p-JNK(p54)/β-actin 
Relative density of nucleus represented as ratio of p-JNK(p54)/Lamin B1 
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Figure 55 Cytoplasmic and nuclear p-JNK (p54) protein expression after cigarette 
smoke exposure with no-filter and filter on 14 days of lung rats. 

Relative density of cytoplasm represented as ratio of p-JNK(p54)/β-actin 
Relative density of nucleus represented as ratio of p-JNK(p54)/Lamin B1 
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2.7 p-p38 between cytoplasmic and nuclear compartments in lung tissue after 
cigarette smoke exposure on 7 and 14 days 

For 7 days cigarette smoked exposure, cytoplasmic p-p38 protein expression 
was gently escalated in no-filter group whereas control and filter groups had equally 
levels of this p-p38 protein expression. Furthermore, nuclear part demonstrated 
significantly (p<0.05) higher of p-p38 in filter group as compared to filter group in 
cytoplasm but not differed when compared with control and no-filter groups in 
nucleus (Figure 56). 

In the other hand, cytoplasmic p-p38 was slightly inflated in filter group after 
14 days cigarette smoked exposure while both control and no-filter groups had lower 
levels of this protein expression. As nuclear compartment, there had no difference of 
no-filter and filter cigarette smoked groups when compared with control group 
whereas there was significantly (p<0.05) increased of filter group when compared with 
the same group in cytoplasm on 14 days cigarette smoked exposure (Figure 57). 
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Figure 56 Cytoplasmic and nuclear p-p38 protein expression after cigarette smoke 
exposure with no-filter and filter on 7 days of lung rats. 
*d, p<0.05 compared between filter groups in cytoplasm and nucleus  
*e, p<0.05 compared between filter and no-filter in cytoplasm and nucleus  

Relative density of cytoplasm represented as ratio of p-p38/β-actin 
Relative density of nucleus represented as ratio of p-p38/Lamin B1 
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Figure 57 Cytoplasmic and nuclear p-p38 protein expression after cigarette smoke 
exposure with no-filter and filter on 7 days of lung rats. 
*e, p<0.05 compared between filter and no-filter in cytoplasm and nucleus  

Relative density of cytoplasm represented as ratio of p-p38/β-actin 
Relative density of nucleus represented as ratio of p-p38/Lamin B1 
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3. Immunohistochemistry of lung VDR distribution in early phase after cigarette 
smoke exposure with no-filter and filter types induced emphysema model 

 To investigate the localization of VDR in rats’ lung, the immunohistochemistry 
analysis was applied in this study. The results revealed that VDR were also expressed 
on pneumocytes or alveolar type II (AT II) cells as previously described (55) by which 
there were highly expressed in both control groups on 7 days and 14 days. After 
cigarette smoke exposure, VDR had a trend to decrease expression levels on 7 days of 
no-filter and filter groups but become to increase on 14 days of no-filter group. In 
contrast, there was significantly (p<0.05) decreased of VDR expression on 14 days of 
filter group when compared to control group (Figure 58-60). 
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Figure 58 Immunohistochemistry of VDR expression in alveolar type II cells of control 
(A), no-filter (B) and filter (C) groups after 7 days of cigarette smoke exposure.  

 
 
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

93 

 
 
Figure 59 Immunohistochemistry of VDR expression in alveolar type II cells of control 
(D), no-filter (E) and filter (F) groups after 14 days of cigarette smoke exposure.  
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Figure 60 Quantitative immunohistochemistry of VDR distribution in alveolar type II 
cells of lung rats after cigarette smoke exposure with no- filter and filter on 7 and 14 
days. 
p<0.05, when compared with control group 
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4.The summary data of histopathological changes, VDR distribution and MAPK 
protein expression after 7 and 14 days cigarette smoke exposure with no-filter 
and filter  

Parameters 
Day 7 Day 14 

No-filter Filter No-filter Filter 
1.Histopathology 
- Tracheal epithelial cell 
changes 

    

- Peribronchiolar epithelial cell 
proliferation  

   

- Lung parenchymal infiltration     

- Alveolar macrophage count 
    

2.VDR distribution 
- Whole cell 

  
- 

 
- 

 

- Cytoplasm     

- Nucleus  - -  

- Immunohistochemistry   -  

3.MAPK protein expression 
3.1 ERK 
- Whole cell 

 
- 

 
- 

  

- Cytoplasm  -   

- Nucleus  -   

 
 

* 
* 

* * 

* * 

* * * * 
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Parameters Day 7 Day 14 
No-filter Filter No-filter Filter 

3.2 JNK 
- Whole cell 

  
- 

  

- Cytoplasm     

- Nucleus     

3.3 p38 
- Whole cell 

   
- 

 

- Cytoplasm   -  

- Nucleus - - - - 

 
 ,    indicated the trend of increase or decrease respectively. 
 
  ,      indicated significantly increase or significantly decrease respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

* 

* * 
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Chapter V DISCUSSION AND CONCLUSION 

1. Effects of acute and subacute cigarette smoke exposure with no-filter and filter 
on lung histopathological alterations in rat model 

 To explicate the effects of cigarette smoke exposure to the distribution of 
MAPKs cascades and VDR in the subcellular levels related with the appearances of 
lung pathogenesis. We demonstrated by designing our experiment into cigarette smoke 
with no-filter and filter groups for imitating the best human smoking behaviors. After 
cigarette smoke on acute (7days) and subacute (14days) periods, these two types of 
cigarette smoke are induced changes of all lung parameters as shown in the table 2.1 
and 2.2. According to the previous studies, there were showed similar results that F344 
rats displayed bronchial epithelial hyperplasia and slightly increased of inflammatory 
cells (generally alveolar macrophages and lymphocytes) in short-term cigarette smoke 
exposure for 5 consecutive days (56). Likewise, for subacute period, there have been 
found that cigarette smoke extract enhanced epithelial proliferation and bronchiolar 
epithelial hyperplasia including lung inflammation in vivo (57). Hence, this model can 
induce moderate configuration of lung histopathology owing to many factors such as 
duration of exposure, different of cigarette brand, cigarette constituents, and frequency 
of exposure (47, 58). Consequently, all parameters were reflected as histopathological 
investigation of lung tissue injuries which corresponded to the early stage of 
emphysema/COPD. 

2. The alterations of VDR distribution after 7 and 14 days of cigarette smoke 
exposure with no-filter and filter in lung rat.  

 Vitamin D receptor (VDR) have been distributed between cytoplasm and 
nucleus through interacting with or without active vitamin D via genomic and non-
genomic actions to regulate vitamin d target genes (59). The balance of distribution of 
cytoplasmic and nuclear VDR are relevant with distinct biological activities such as 
transcriptional regulation, immune regulatory process, anti-microbial activity and 
including anti-cancer effects (33). The previous studies reported that cytoplasmic and 
nuclear VDR act as the indicator of survival outcomes in many types of cancer, the 
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lack of expression of both VDR locations were correlated with low rate living depended 
on age, gender, stage and also smoking status (60-63). While the role of subcellular 
cytoplasmic and nuclear VDR distribution after early cigarette smoke exposure in vivo 
still has a few information. In the results of current study revealed that cytoplasmic 
VDR was tended to decreased on 7 and 14 days in both cigarette smoked groups. 
Moreover, not only nuclear VDR distribution was decreased on 7 days of no-filter group 
and filter group was significantly (p<0.05) decreased on 14 days, but also nuclear VDR 
still had higher distribution in nucleus than cytoplasm of all groups at respective time 
points. However, this is the first time to evaluate subcellular VDR distribution in 
cigarette smoke exposed with filter group which correlated to the study of Uh et al. 
They reported that cigarette smoke extracts can interrupt active vitamin d (ligand VDR) 
to induce VDR translocation from nucleus to cytoplasm which consequent to the 
reduction of cytoplasmic VDR and accumulation of nuclear VDR in A549 cell (5). 
Likewise, Ishii et al., reported that cigarette smoke can attenuate VDR mRNA levels in 
anti-inflammatory action in A549 cells from COPD patients (64). Nevertheless, there 
was another relating factor in this incidence that is cigarette filter ventilation. In the 
recent review article suggested that cigarette design change was implicated to reduce 
cigarette filter ventilation that induced lung adenocarcinoma. The reduction of 
cigarette filter ventilation causes cigarette slowly burn lead to generate higher puff 
volumes per cigarette and incomplete combustion resulting in increasing peripheral 
lung exposure. Thus, cigarette filter ventilation is the supporting character to promotes 
more toxic substances which expose to the alveolar cells and could be affect to 
prevent binding of ligand VDR to its receptor in both nucleus and cytoplasm (4, 65, 
66).  

3. Immunohistochemistry of VDR distribution in lung sections after cigarette 
smoke exposure with two different types on 7 and 14 days. 

 Generally, immunohistochemistry analysis of VDR was observed in the alveolar 
type II (AT II) cells since the gestation stage of fetal lung rats (55). Likewise, in the 
present study evaluated VDR localization in the lung tissue, our results suggested that 
VDR distribution had diminished trend after 7 days of both cigarette smoke groups. 
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However, the discrepancy of VDR distribution in no-filter group between 7 and 14 days 
was probably due to high ventilation which allowed protein recovery from unextreme 
noxious stress. Furthermore, VDR distribution in filter group was significantly decreased 
on 14 days after smoke exposed because there were accumulated more toxicants 
from incomplete combustion due to low filter ventilation which may disrupted 
proteins viability (64, 65). Finally, these outcomes indicated that lack of VDR is one of 
predictable biological marker in the early stage after cigarette smoke exposure which 
might be related to chronic lung diseases such as emphysema/COPD for long term 
cigarette smoke exposure. 

4. The activation of ERK1/2 MAPK protein expression after early phase cigarette 
smoke exposure with no-filter and filter in lung rat.  

 The activation of ERK1/2 comes up with the general association of cellular 
proliferation and cell survival which have a variety of external stimuli such growth 
factors, transforming agents, G protein-coupled receptors and carcinogens base on type 
of the cells. For the resting state, it’s clear that ERK cascades is mainly in cytoplasm, 
then translocate to the nucleus from activation (67, 68). When ERK 1/2 translocation 
to nucleus, the transcription factors (TFs) Elk-1, Sap-1a, CYP24 and VDR are 
phosphorylated to regulate and relate with cell cycle regulatory proteins (33, 69, 70). 
Moreover, not only cytoplasmic ERK1/2 induce proliferative effects in the nucleus, but 
also it has stimulating activities in some pro-apoptotic protein in parts of the cytoplasm 
(71). According to our data, no-filter group showed p-ERK (p42) protein expression was 
tended to increase in the cytoplasm and nucleus on 7 days whereas both cigarette 
smoked groups were highly upregulated on 14 days in both locations. From the 
previous study, acute cigarette smoke had rapid activation of ERK1/2 along with 

released of TNF-α via macrophages induction and related with proliferative effects in 
lung cells (72, 73). On the other one, ERK kinase pathway was reactivated by the 
reduction of the second peak ERK1/2 phosphorylation after prolonged cigarette smoke 
extract that effected to promote early growth response gene (EGR-1) in lung pathology 
in vitro (74). Our results showed relatively with earlier in vivo study, the signaling 
cascade of ERK was stimulated after cigarette smoke induced lung tissue injuries due 
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to the toxic substances in the smoke passed directly to bronchiolar epithelial cells 
that led to epithelial hyperplasia (57, 75). Likewise, immunoblotting from lung mice 
showed the activation of ERK activity after 3 days of cigarette smoked exposure and 
also correlated with inflammation and cell death mechanism linked to emphysema 
(14).  Clearly, those were involved with cytoplasmic and nuclear ERK1/2 distribution 
that indicated the activity of ERK1/2 response after smoke exposure. This protein 
expression was highly activated reside in the nucleus resulting to persuade gene 
regulation and cytosolic ERK1/2 retention was also incumbent for mitogenic reaction. 

5. The activation of JNK MAPK protein expression after early phase cigarette 
smoke exposure with no-filter and filter in lung rat. 

JNK and p38 cascades are accompanied by oxidative stress and environmental 
stress which mediated from many cigarette smoke agents.  These signals transduction 
are regulated a variety of cellular process such as apoptosis, inhibit cell growth, 
cytokines secretion and inflammation (76 , 77). After activation of stress kinases, they 
translocated from cytoplasm to nucleus to regulate downstream target genes, besides 
it still has dual actions to inactivation and/or downregulation (78, 79).  A previous 
publication suggested that cytoplasmic JNK plays a role in anti-proliferative effect from 
cytoplasmic protein binding to JNK that lead to cytoplasmic JNK accumulation 
including inhibition of JNK interacting gene regulated apoptosis activation in the 
cytoplasm via Fas (80, 81). The present study provides data about JNK protein 
expression, we found that both exposure types are activated cytoplasmic and nuclear 
JNK at dual time points. For 7 days after smoked exposure, there were highly increased 
of cytoplasmic JNK whereas nuclear JNK were gradually escalated in both cigarette 
smoked groups. While cytoplasmic and nuclear JNK after 14 days smoked exposure, 
had similar trended of increasing in both cigarette smoked groups as 7 days. Based on 
previous study, JNK was activated with upregulation of PKC in non-small lung cancer 
cell with IL-8 stimulation to induce lung inflammation (82, 83). Moreover, animals 
model also showed the activation of JNK signal after the acute cigarette smoke 
exposure as in vitro (14). In the other hand, the recent study discovered the 
involvement of JNK reduction after 1day cigarette smoke exposure by inhibitory effect 
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of protein phosphatase 2A (PP2A) in acute lung inflammatory mice. This is the one of 
reasons that the organism had the defense mechanism to release this enzyme against 
prolong inflammatory state through inactivated JNK signaling (84, 85). From above 
evidences may apply to our study because our results showed the high level of 
cytoplasmic JNK of both cigarette smoke types due to no-filter group exposed with 
directly smoke that emerge JNK expression for an acute period and including filter 
group had also acute JNK upregulation even there still had filtrated function. These 
mean JNK cascade has a prominent role in cytoplasm for the inflammatory responses 
after smoked exposure and might be the cell mechanism to protect tissues or organ 
damaged. 

6. The activation of p38 MAPK protein expression after early phase cigarette 
smoke exposure with no-filter and filter in lung rat. 
 Diversity of p38 responses is provoked by environmental stress stimulation 
mediated immunological effects, cellular apoptosis, inflammatory cytokines 
stimulation, altering cell cycle and including cell survival (86-88).The activation of p38 
is dependent on phosphorylation of threonine and tyrosine residues which mediated 
by both specific kinases MKK3 and MKK6 (89, 90). In the resting stage of cells, p38 is 
located in the cytoplasm and translocated to the nucleus to phosphorylate many 
related transcription factors for the activation step. Although, there is still uncertainly 
known about the role of p38 subcellular localization after early cigarette smoke 
exposure in different no-filter and filter types. From current study on 7 days smoked 
exposure, our results showed that cytoplasmic p38 was gently upregulated in no-filter 
and filter groups when compared with control while nuclear p38 had significantly 
increased in filter group when compared with the same group in cytoplasm. However, 
nuclear p38 had higher levels than cytoplasmic part and not differed between groups. 
Notably, for 14 days after smoked exposure, filter group had become to increase the 
trended of cytoplasmic p38 when compared to control and no-filter groups whereas 
nuclear p38 had similar pattern as 7 days duration. Like other previous study, there 
was an occurrence of lung inflammation in acute cigarette smoke induced lung injury 
through neutrophil infiltration, proteinase expression, apoptosis, oxidative DNA damage 
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which mediated via p38 MAPK both in vitro and in vivo models (14, 20).  Noticeably, 
there was some study reported that whole body exposed to radiation can increase 
phosphorylation of cytoplasmic p38 during apoptosis process resulting to support 
malignant in lymphoma cell line (91, 92). Concomitant with this possibly p38 activated 
pattern, MAPKAP kinase-2 is nuclear localize signal (NLS) that cooperated with 
conformational change of p38 to be activated in the nucleus and then relocation into 
the cytoplasm to phosphorylate their substrates (93). Together these several 
supporting evidences indicated that, cytoplasmic p38 is the pivotal role in various cell 
types that integrate extensively cellular responses which might dependent on co-
workers for triggering this cascade under stress condition. 

 In this study found that cigarette smoke with no-filter and filter types can 
initially originate alveolar macrophage in the alveolar spaces on 7 days (acute) and 14 
days (subacute) because the cigarette smoke toxicants are inhaled into the lower 
respiratory tract which is alveoli. Then the smoke locates in alveoli, where is the area 
of gas exchanges with slowly flow rate and take more times to expose in this area. 
Hence, these toxicants are deposited into the alveoli which induce macrophages 
penetration to those areas (94).  In contrast, the characteristic of cigarette smoke that 
flows through trachea and bronchioles is rapid flow manner and makes these tissues 
contact with the particles less than alveoli. Thus, alveolar macrophage parameter is 
vividly expresses among another parameter. Peribronchioles and trachea are the 
secondary histological changes that apparently elicit on acute period for no-filter group 
while filter group exhibits on subacute period after cigarette smoked exposure. For 
lung parenchymal infiltration has prone to induces of neutrophils and leukocytes 
infiltrate in both cigarette smoke groups due to it is the last barrier before lung 
parenchymal destruction that requires chronic smoke exposure in generating 
emphysema pathogenesis. Moreover, various toxic constituents in cigarette smoke 
influent to VDR distribution by reducing the level of VDR distribution in cytoplasm of 
both no-filter and filter groups whereas nuclear VDR distribution was only reduced in 
no-filter group but higher level than cytoplasmic VDR after acute cigarette smoked 
exposure. Similar to subacute period, cytoplasmic VDR was declined in both cigarette 
smoked groups while nuclear VDR was became reduce in filter group but the level of 
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nuclear VDR was still higher than cytoplasmic VDR as well. These circumstances 
corresponded with previously in vitro study, they demonstrated that cigarette smoke 
extract effected to decrease cytoplasmic VDR by prohibiting active vitamin D to 
promotes the translocation of VDR from nucleus to cytoplasm that resulting in 
accumulation of nuclear VDR (5). Furthermore, there have been found that mRNA level 
of VDR was lowered for a role in anti-inflammation in lung cells of COPD patients (64). 
It can be elucidated that both cigarette smoke with no-filter and filter are also affect 
to cytoplasmic and nuclear VDR distribution in rat lung at different time points.  
 Of course, this is the first study that investigate the relationship between 
cigarette smoke with no-filter and filter, subcellular VDR distribution and including 
three targeted MAPK protein expression. Up to now, there have many earlier 
publications about the increase of ERK, JNK and p38 that correlated with cigarette 
smoke but there have no more information about the protein expression of these 
MAPK inside the cell membrane and nucleus. From our observation, p-ERK and p-JNK 
of MAPK are classified into two isoforms; p-ERK p42 or ERK1 (sensitive form), p-ERK p44 
or ERK2 (less sensitive form), p-JNK p46 or JNK1 (less sensitive form) and p-JNK p54 or 
JNK2 (sensitive form) respectively unless p-p38.  

Generally, the most mammalian tissues have higher level of ERK2 expression 
than ERK1 (95) but in our condition choses ERK1 as the sensitive isoform because of 
their higher protein variation like JNK2 isoform in the cigarette smoke groups. After the 
reduction of cytoplasmic and nuclear VDR distribution on acute period, cellular 
response of p-ERK p42 was activated in only no-filter cigarette smoked group inside 
cytoplasm and nucleus whereas p-ERK p44 was no changed the levels of expression 
in both sites as well. These responses shed light on this p-ERK p44 isoform that mainly 
related with the proliferative effects as represented in both previous publications and 
histopathological of tracheal and peribronchiolar epithelium changes from no-filter 
group. In the line with p-JNK, there was highly activated of p54 isoform in both cigarette 
smoked groups inner cytoplasmic and nuclear compartments. In contrast, p46 isoform 
was slightly increased only in filter group when compared to another group of both 
locations. It can be noted that p-JNK p54 might be the outstanding isoform involved 
with cell stress responses and inflammatory process from our results. In similar fashion, 
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cytoplasmic p-p38 was shrilly escalated in no-filter group while it was gently increased 
in filter group which inverse to nuclear p-p38. This confirmed that p-p38 vividly 
associated with the inflammation in no-filter group after acute cigarette smoke 
exposure.  

In addition, subacute cigarette smoke exposure had additionally influent to 
reduce cytoplasmic and nuclear VDR distribution particularly in filter group. After that, 
the cellular responses of p-ERK p42 was also stimulated of both cigarette smoked 
groups in both subcellular cites, in which filter group were higher level than no-filter 
group. Because we want to emphasize that the role of proliferation was explicitly react 
with cellular injury on 14 days after cigarette smoked exposure. Similarly, p-JNK p54 
had growing up in no-filter group than filter group as compared with control on both 
cytoplasm and nucleus. Although, p-JNK p54 was the long isoform that took part in 
processes of apoptosis incursion but these two isoforms are still partially deal with 
redundant to most substrates (96, 97). Interestingly, cytoplasmic p-p38 of filter group 
turned to increase instead of no-filter group whereas the activity of nuclear p-p38 was 
not differed between groups. Thus, these reports gave data to knowing that p-p38 
operated and controlled the activity predominantly in cytoplasm after 14 days 
cigarette smoked expose with filter type by which it was supposed to be involved with 
some partner protein such as MAPKAP kinase-2 (93). Moreover, another factor that 
assume to be involve with sequential reduction of subcellular VDR and MAPK 
alteration in filter group were low filter ventilation from incomplete combustion (65). 
Eventually, although cigarette filter can reduce toxicants in the acute phase but our 
finding indicated that the loss of effectiveness of cigarette filter occurred during 
subacute phase as a result of increased histological changes, impaired VDR distribution 
and MAPK upregulation sequentially. 
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7. Conclusion 

 In summary, this study encourages more supplementary document of emerging 
literature and provides novel subcellular outcomes after cigarette smoke exposure 
with filter and no-filter during acute (7days) and subacute (14days) phase in the model 
of emphysema rat. Based on our results, we present the pathological manifestations 
after exposed with two types of cigarette smoke exposure which generate nearly 
severity of lung histopathology. Acute and subacute histopathological outcomes also 
implicate to the lack of cytoplasmic and nuclear lung VDR especially in cigarette smoke 
with filter group when expose to smoke for a longer period. Other than, the increment 
of cytoplasmic and nuclear MAPK activity apparently occurs after subcellular VDR 
alteration. These consequences indicate the relevant factors as mention above that 
take part in lung pathogenesis and disclose to the interaction of lung cellular 
homeostasis to maintain cells and/or tissues viability. Latterly, our research model can 
infer to the second-hand smoke model which could be beneficial study to point out 
that cigarette filter has less effects to reduce the severity of lung pathology. These 
finding are the supportive basis to quit the smoking for the best resolution to prevent 
chronic respiratory diseases. 
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Appendix 1 Research tools 

1. Analytical balance, Ohaus: model AR2140 
2. Autoclave, Selecta: model presoclave 75 
3. Biomedical freezer, Panasonic: model MDF-U537D 
4. Centrifuge, Thermo scientific: model Thermo legend X1R 
5. Electrophoresis tank, Bio-Rad: model Mini-protein tetra system   
6. Fume hood, Captair: model filtair 824 
7. Heat block, Tehne: model DB-2D 
8. Hot air oven, Memmert 
9. Light microscope, Olympus: model BX41  
10. Magnetic stirrer, HL instruments: model MS 115 

11. Microplate spectrophotometer, Thermo scientific: model Multiskan GO  
12. Microtome, Shandon Finesse 

13. Microwave, Elextrolux   

14. Orbital shaker, Biosan Sthart: model OS-10 

15. Oven, Binder: model B28 

16. pH meter, Fisher scientific: model AB15 
17. PowerPac basic power supply, Bio-rad 
18. Refrigerator, Sanyo 

19. Refrigerate centrifuge, Boeco: model U-32R 

20. Spin-down centrifuge, LabTech: model GMC 260 

21. Tissue embedding, Leica biosystems: model EG1150H  

22. Tissue grinder, Pyrex  
23. Tissue processor, Leica biosystems: model TP1020  

24. Ultrasonic processor, BECThai: model VC 750 
25. Vortex mixer, Vision scientific: model KMC-1300V  
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Appendix 2 Materials and equipment 

1. Auto pipettes 2,20, 200 and 1000 µl (Gilson) 
2. Automated semi-enclosed benchtop tissue processor (TP1020, Leica 

biosystem) 
3. Beakers 50, 250, 500, 1,000 and 2,000 ml (Pyrex) 
4. Bottles size 100, 250, 500, 1,000 and 2,000 ml (Pyrex) 
5. Centrifuge tubes 1.5 ml (Axygen) 
6. Cigarette filter (Marlboro) 
7. Cigarette lighter 
8. Clot blood tubes  
9. Commercial cigarettes (Marlboro red) 
10. Conduction pipe 1 m 
11. Conical tubes 15 and 50 ml (NUNC) 
12. Coplin jars 
13. Cover glass 22x22 mm, thick 0.13-0.17 mm (HAD) 
14. Cylinders 50,500 and 1,000 ml (Pyrex) 
15. Filter paper No.1 (Whatman) 
16. Glass microscope slides 25.4x76.2 mm, thick 1-1.2 mm 
17. Inhalation chamber 23x31.5x19 cm 
18. Micro air pump 12V 
19. Needle gauge 18G, 20G and 26G (Nipro) 
20. Petri dish 
21. Pipette tips 10,200 and 1000µl (Gilson) 
22. Smoke storage box 
23. Staining jars 
24. Sterile gauze pads 4”x4” (Traichon limited) 
25. Surgical equipment e.g. forceps, scissors, scalpel, clamp etc. 
26. Syringe 10 ml (Nipro) 
27. Tissue cassettes (Thermo Scientific) 
28. Weighting paper (Whatman) 
29. 96 wells microplates flat bottom (Corning) 
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Appendix 3 Chemicals and reagents 

1. Ammonium persulfate (SIGMA-ALDRICH, product number A3678) 
2. Anti-Lamin B1 antibody (Abcam, cat. no.ab133741) 

3. β-actin antibody (Cell signaling, cat. no.4970) 
4. Bovine serum Cohn AnalogTM,  98% (agarose gel electrophoresis), powder, 

cell culture tested (SIGMA-ALDRICH, product number A1470) 
5. Eosin (ready to use) (C.V. laboratories co., ltd) 
6. Ethanol absolute for analysis EMSURE® ACS, ISO,Reag. Ph Eur (Merck, cat. 

no.100983) 
7. Ethanol 95% (Zenith science) 
8. ExcelBandTM Enhanced 3-color regular range protein marker (SMOBIO, PM 

2510/PM2511) 
9. Formaldehyde solution, min. 37% (Merck, cat. no. 1.03003.2500) 
10. Glycerol (SIGMA-ALDRICH, product number G5516) 
11. Glycine GR for analysis (Merck, cat. no. 104201) 
12. Halt protease and phosphatase inhibitor cocktail and EDTA (Thermo scientific, cat. 

no.78440) 
13. Liquid nitrogen (ready to use) 
14. Methanol for analysis EMSURE® ACS, ISO,Reag. Ph Eur (Merck, cat. no.106009) 
15. Mayer’s haematoxylin (ready to use) (C.V. laboratories co., ltd) 
16. NE-PER nuclear and cytoplasmic extraction reagents (Thermo scientific, cat. 

no.78835) 
17. ParaplastTM (Leica Biosystem, code.39601006) 
18. Phospho-ERK1/2 MAPK antibody (Cell signaling, cat. no.4376) 
19. Phospho-p38 MAPK antibody (Cell signaling, cat. no.4511) 

20. Phospho-SAPK/JNK antibody (Cell signaling, cat. no.4668) 
21. Pierce BCA protein assay kit (Thermo scientific, cat. no.23227) 

22. Potassium chloride, SigmaUltra,  99.0% (KCl) (SIGMA-ALDRICH, product number 
P9333) 

23. Potassium phosphate monobasic, powder, ≥ 99.0% (KH2PO4) (SIGMA-ALDRICH, 
product number P5655) 
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24. Immobilon-P PVDF membrane 0.45 µm pore size (Merck Millipore, IPVH00010) 
25. Restore plus western blot stripping buffer (Thermo scientific, cat. no.46430) 

26. SAPK/JNK antibody (Cell signaling, cat. no.9252) 

27. Secondary anti-rabbit IgG, HRP link antibody (Cell signaling, cat. no.7074) 
28. Sodium chloride, 95% (NaCl) (Merck, cat. no. 1.06404.1000) 

29. Sodium Dodecyl Sulfate (SIGMA-ALDRICH, product number 862010) 
30. Sodium pentobarbital 5.47% (CEVA SANTE ANIMALE) 

31. Sodium phosphate dibasic, SigmaUltra,  99% (Na2HPO4) (SIGMA-ALDRICH, 
product number S9638) 

32. Sodium phosphate monobasic monohydrate, ACS reagent, 98. 0- 102. 0% 

(NaH2PO4·H2O) (SIGMA-ALDRICH, product number S9638) 

33. Sterile water (ready to use) 
34. Supersignal west femto maximum sensitivity substrate (Thermo scientific, cat. 

no.34095) 
35. Surgipath paraplast tissue embedding medium (Leica biosystems, code.39601006) 

36. T-PER tissue protein extraction reagent (Thermo scientific, cat. no.78510) 
37. Tris base ≥99.8% pure (Bio-rad, product number 1610719) 

38. Tween20 for molecular biology, viscous liquid (SIGMA-ALDRICH, product number 
P9416) 

39. Ultrapure TEMED (Invitrogen, cat. no.15524010) 
40. Vitamin D receptor antibody (R&D systems, cat. no.NBP1-51322) 
41. Xylene purified solvents (Leica Biosystems, code.3803665) 

42. 40% Acrylamide /Bis, 37.5:1 (Bio-rad, product number 1610148) 
43. 2-Mercaptoethanol (SIGMA-ALDRICH, product number M6250) 
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Appendix 4 Whole cell, cytoplasmic and nuclear protein extraction protocol 

Whole cell proteins extraction 
Frozen lung tissues were washed by ice cold PBS. 

 
Cut the tissue into small pieces and weight the tissue samples with a ratio of 1 g  

of tissue to 20 ml T-PER reagent. 
 
 

Add protease, phosphatase inhibitors and EDTA in T-PER reagent with a ratio of 1 g of 
tissue to 10 µl of individual reagent before use. 

 
 

Place the tissues into Dounce tissue grinder pestle and add T-PER in proper volume 
 for homogenization on ice. 

 
 

Then sonicate the samples with setting 30% amplitude, run 15 second and pause 10 
second for 1.30 minutes by ultrasonic processor. 

 
 

After that centrifuge the tube at 10,000xg (4˚C) for 5 minutes to pellet cell/tissue 
detritus. 

 
 

Transfer the supernatant (whole cell proteins compartment) in clean centrifuge tube  
and collect at -80˚C to the further analysis. 

Note: The samples were performed on ice in all procedures.  
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Cytoplasmic and nuclear proteins extraction 
Frozen lung tissue is washed by ice cold PBS. 

 
 

Cut the tissue into small pieces and weight the tissue samples for the appropriate 
ratio of cytoplasmic and nuclear extraction reagents following the table below. 

  
 
 
 
 
 

 
 

Add protease, phosphatase inhibitors and EDTA in CERI and NER reagent (unnecessary 
to add in CERII) before use as the same ratio in whole cell extraction protocol. 

 
 

Homogenize tissue by using Dounce tissue grinder pestle in the appropriate volume 
of CER I following the table. 

 
 

Vortex the tube on the highest for 5 seconds to completely suspend the cell pellet 
and incubate the tube on ice for 10 minutes. 

 
 

Then add ice cold CER II in the tube and vortex the tube at the highest speed for 5 
seconds. Incubate the tube on ice 1 minute. 

 
 

Vortex the tube at highest speed 5 seconds and centrifuge the tube about 16,000xg  

Tissue weight (mg) CERI (µl) CERII (µl) NER (µl) 
20 200 11 100 
40 400 22 200 
80 800 44 400 
100 1000 55 500 
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for 5 minutes to separate the cytosolic component. 
 
 

Accumulate the supernatant (cytoplasmic proteins) to the sterile pre-chilled tube for 
measure protein concentration and storage at -80˚C until used. 

 
 
Suspend the pellet in the appropriate ice cold NER volume and use the pipette tip 

to disperse the insoluble fraction as much as possible. 
 
 

Sonicate the tube on ice at setting 30% amplitude, run 15 seconds and pause 15 
seconds for 2 minutes to break the nuclear membrane. 

 
   

After that, vortex the tube at highest speed for 15 seconds and incubate the tube on 
ice for 10 minutes, repeat these two steps until 60 minutes. 

 
 

Centrifuge the tube at 16,000xg (4˚C) for 15 minutes. 
 
 

Rapidly transfer the supernatant (nuclear proteins) to the sterile pre-chilled tube for 
measure protein concentration and storage at -80˚C until used. 
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Appendix 5 The formula for gel preparation (gel size 1.5 mm) 

Gel compositions 
5% Stacking gel 

(2 plates) 
10% Separating gel 

(2 plates) 

-Distilled water 3,688 µl 6,990 µl 

-100% glycerol 150 µl 360 µl 

-1.5M Tris-HCl pH8.8 
(4˚C) 

1,562 µl 3,750 µl 

-40% Acrylamide (4˚C) 788 µl 3,750 µl 

-20% SDS 31.2 µl 75 µl 

-10% APS 23.5 µl 56.25 µl 

-TEMED(4˚C) 7.8 µl 18.75 µl 

Total volume 6,250.5 µl (6.25 ml) 15,000 µl (15 ml) 
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Appendix 6 Buffer and reagents preparation for the western blot analysis  

Stock solutions preparation 
1.5 M Tris-HCl pH 8.8 

Tris base 27.23 g 
Distilled water 80 ml 

0.5 M Tris-HCl pH 6.8 
Tris base 6 g 
Distilled water 60 ml 

10% SDS 20 ml 
SDS 2 g 
Distilled water 20 ml 

0.5% bromophenol blue 20 ml 
Bromophenol blue 0.1 g 
Distilled water 20 ml 

Sample buffer 9.5 ml (loading dye) 
Distilled water 3.55 ml 
0.5 M Tris-HCl (pH 6.8) 1.25 ml 
Glycerol 2.5 ml 
10% (w/v) SDS 2 ml 
0.5% (w/v) bromophenol blue 0.2 ml 

10X Phosphate buffer saline (PBS) pH 7.3 1L 
Sodium chloride (NaCl) 80 g 
Potassium Chloride (KCl) 2 g 
Sodium phosphate dibasic (Na2HPO4) 6.1 g 
Potassium phosphate monobasic (KH2PO4) 2 g 
Dissolve the reagents in 950 ml distilled water 
Adjust pH to 7.3 and then add distilled water to 1 L 

10X Running buffer (SDS electrophoresis buffer) 1L 
Tris-base (MW 121.1) 30.3 g 
Glycine (MW 75.07) 144g 
SDS (MW 288.38) 10g 
Add distilled water to 1L 
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10X Western transfer buffer 1L 
Tris-Base 30.28 g 
Glycine 144.2 g 
Add distilled water to 1L 

 
Ready to used solutions preparation 
1X Running buffer 1L 

10X running buffer 100 ml 
Add distilled water 900 ml 

1X transfer buffer 1L 
10X western transfer buffer 100 ml 
Add Distilled water 700 ml 
Methanol 200 ml 
* Do not add transfer buffer close to methanol because it will make the 

turbid solution. 
1X PBS 0.1% Tween (PBST)   

10X PBS 100 ml 
Distilled water 900 ml 
0.1% Tween-20 1 ml 

1% Bovine serum albumin (BSA) 10 ml blocking buffer  
0.1 g BSA 
10 ml PBST 
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