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INTRODUCTION
Cancer remains a leading cause of death globally1. 
Breast cancer is the most often diagnosed cancer in 
women and the second leading cause of 
cancer-related mortality2. It was reported that, in 
2022, a total of 670,000 patients had died due to 
breast carcinoma worldwide. Breast cancer has 
been identified as the most common cancer 
among women in 157 out of 185 countries3. It had 
been estimated that 2.3 million new cases of BC 
were diagnosed globally each year4. The 
international landscape had revealed varying 
prevalence across different regions, with Western 
European countries exhibiting a higher incidence 
rate of breast cancer compared to Eastern Asian or 
African countries5. According to estimates, breast 
cancer may affect approximately one out of every 
nine women in Pakistan during their lifetime6. A total 
of 30,682 cases of breast carcinoma were recorded 
in both genders for the year 20227. 

Advancing age is a paramount risk factor for breast 
cancer, with incidence escalating significantly 
among older women8. However, recent researches 
show that females in their younger years are more 
prone to develop breast cancer9. Breast cancer is 
treatable if managed effectively early in the 
disease; however, treatment strategies for breast 
cancer are highly dependent on various 
physiological and anatomical factors, such as age, 
stage of cancer, size of the tumor, menopausal 
status, hormone receptors, and status of axillary 
lymph nodes9. The cDNA microarray technique was 
used to categorize breast cancer into subgroups by 
analyzing gene expression profiles 10,11. Carcinoma 
breasts were thus categorized into various 
molecular subtypes, including Luminal A & B, 
HER2-enriched, and basal-like, which were 
determined by mRNA gene expression levels12. 
Luminal-like breast cancer is the predominant 
subtype, accounting for 60%-70% of all breast 
tumors12. Luminal A, making up 14.81% of breast 
cancer cases, is hormone receptor-positive and 
HER2-negative with Ki67 < 14%, a favorable 
prognosis, and strong responsiveness to hormone 
therapy. Luminal B is typically hormone 
receptor-positive, sometimes expressing HER2 (if HER 
2 negatives with Ki67 > 14%), and is more aggressive 
than Luminal A13,14,20,22. It was stated that Triple 
Negative Breast Cancer (TNBC) was characterized 
by the absence of estrogen, progesterone, and 
HER2 receptors, leading to a more aggressive 
subtype and limited to nonspecific treatment 
options, primarily chemotherapy. The molecular 
distribution underscored the importance of 
individualized treatment plans, as each subtype 
presented distinct biological features and 
therapeutic responses. ER-positive tumors indicated 
a favorable response to hormonal therapies like 
tamoxifen or aromatase inhibitors, while ER-negative 

breast carcinomas warrant other therapeutic 
approaches14. Similarly, with this near-equal split, 
PR-positive and PR-negative cases suggested that 
PR status added complexity to treatment decisions, 
mainly when considered alongside ER status. 
HER2-negative tumors do not overexpress the HER2 
gene, while HER2-positive, which is typically linked to 
more aggressive disease, may benefit from 
HER2-targeted therapies like trastuzumab 
(Herceptin)15. Thus, receptor status emphasizes the 
importance of a tailored treatment approach to 
optimize outcomes in breast cancer management. 
The research had been designed to analyze the 
association of molecular classification of breast 
carcinoma with clinicopathological features, which 
are crucial for treatment options and predicting 
prognosis.

METHODS
The Ethical Review Committee ZU approved the 
study with the reference code 7310623ABPAT. A 
Cross-sectional study was done utilizing mastectomy 
specimens of primary breast carcinoma cases 
received at the Histopathology Department of 
Ziauddin Hospital Karachi between January 2022 
and August 2024. A sample size of 191 was 
calculated using Open Epi version 3, assuming a 95% 
confidence level, taking a 5% margin of error, and 
14.5 % prevalence of total breast cancer cases 
(WHO, Globocan 2020)7.

Two hundred cases (n = 200) were taken with a 
non-probability consecutive sampling technique. 
Grossing and reporting were done according to the 
CAP protocol (Invasive Carcinoma of the Breast 
4.5.0.0, 2021)16. Primary, treatment-naive breast 
carcinomas, including all invasive and in situ 
carcinomas, were included in the study. Metastatic 
breast cancer, insufficient tissue, and autolyzed 
specimens or specimens showing extensive necrosis 
were excluded from the study. After formalin fixation 
of the specimen, paraffin-embedded block 
formation, sectioning, and Haematoxylin and Eosin 
staining, these cases were subjected to 
histopathological examination for confirmation of 
diagnosis. Relevant parameters were recorded, 
including age, tumor laterality, tumor size (on gross 
and ultrasound), tumor location, tumor extent, 
histologic type, and lymph node status for every 
case. The original request cards were collected, 
and the proforma was filled for the required 
variables. Immunohistochemistry was performed, 
and stained slides were analyzed for ER, PR, HER 2 
neu, and Ki67 using the Allred scoring method 
(based on the percentage and intensity of positive 
staining). The Allred score assesses hormone 
receptor expression by adding proportion score 
(0-5) and intensity score (0-3). A total score 3 and 
above was positive. HER2/neu staining was graded 
from 0 to 3+. Cases that showed equivocal HER 2 

neu staining were reanalyzed using fluorescent in 
situ hybridization (FISH). The Modified Bloom 
Richardson grading system was used to evaluate 
histological grades, and staging was done 
according to TNM Classification by AJCC17. Cases 
were categorized into Luminal A, luminal B, Triple 
Negative, and HER2 positive subtypes. The data was 
tabulated and analyzed using IBM SPSS version 27. 
Pearson Chi-square was used to assess the 
association between qualitative factors. A p-value 
less than 0.05 was regarded as significant.
 
RESULTS
A total of 200 cases of breast carcinoma were 
received during the study period, and the mean 
age at diagnosis was 52.98 +/- 13.96 years. Luminal B 
and infiltrating ductal Carcinoma (IDC) were found 

to be the most common molecular and histological 
subtypes. 

The biomarker distribution shows that most breast 
cancer cases were ER-positive and HER2-negative, 
which aligned with subtypes that respond well to 
hormonal therapy.

Fig: 1 illustrates the distribution of breast cancer 
cases according to receptor status for Estrogen 
Receptor (ER), Progesterone Receptor (PR), and 
HER2neu. Most patients, 59.8%, were ER-positive, 
while 40.2% were ER-negative. Similarly, 51% of the 
patients were PR-positive, and 49% were 
PR-negative. Regarding HER2 status, 74.5% of cases 
were HER2-negative, while 25.5% were 
HER2-positivte.
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stage of cancer, size of the tumor, menopausal 
status, hormone receptors, and status of axillary 
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analyzing gene expression profiles 10,11. Carcinoma 
breasts were thus categorized into various 
molecular subtypes, including Luminal A & B, 
HER2-enriched, and basal-like, which were 
determined by mRNA gene expression levels12. 
Luminal-like breast cancer is the predominant 
subtype, accounting for 60%-70% of all breast 
tumors12. Luminal A, making up 14.81% of breast 
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presented distinct biological features and 
therapeutic responses. ER-positive tumors indicated 
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PR-positive and PR-negative cases suggested that 
PR status added complexity to treatment decisions, 
mainly when considered alongside ER status. 
HER2-negative tumors do not overexpress the HER2 
gene, while HER2-positive, which is typically linked to 
more aggressive disease, may benefit from 
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(Herceptin)15. Thus, receptor status emphasizes the 
importance of a tailored treatment approach to 
optimize outcomes in breast cancer management. 
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carcinoma with clinicopathological features, which 
are crucial for treatment options and predicting 
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calculated using Open Epi version 3, assuming a 95% 
confidence level, taking a 5% margin of error, and 
14.5 % prevalence of total breast cancer cases 
(WHO, Globocan 2020)7.
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of the specimen, paraffin-embedded block 
formation, sectioning, and Haematoxylin and Eosin 
staining, these cases were subjected to 
histopathological examination for confirmation of 
diagnosis. Relevant parameters were recorded, 
including age, tumor laterality, tumor size (on gross 
and ultrasound), tumor location, tumor extent, 
histologic type, and lymph node status for every 
case. The original request cards were collected, 
and the proforma was filled for the required 
variables. Immunohistochemistry was performed, 
and stained slides were analyzed for ER, PR, HER 2 
neu, and Ki67 using the Allred scoring method 
(based on the percentage and intensity of positive 
staining). The Allred score assesses hormone 
receptor expression by adding proportion score 
(0-5) and intensity score (0-3). A total score 3 and 
above was positive. HER2/neu staining was graded 
from 0 to 3+. Cases that showed equivocal HER 2 

neu staining were reanalyzed using fluorescent in 
situ hybridization (FISH). The Modified Bloom 
Richardson grading system was used to evaluate 
histological grades, and staging was done 
according to TNM Classification by AJCC17. Cases 
were categorized into Luminal A, luminal B, Triple 
Negative, and HER2 positive subtypes. The data was 
tabulated and analyzed using IBM SPSS version 27. 
Pearson Chi-square was used to assess the 
association between qualitative factors. A p-value 
less than 0.05 was regarded as significant.
 
RESULTS
A total of 200 cases of breast carcinoma were 
received during the study period, and the mean 
age at diagnosis was 52.98 +/- 13.96 years. Luminal B 
and infiltrating ductal Carcinoma (IDC) were found 

to be the most common molecular and histological 
subtypes. 

The biomarker distribution shows that most breast 
cancer cases were ER-positive and HER2-negative, 
which aligned with subtypes that respond well to 
hormonal therapy.

Fig: 1 illustrates the distribution of breast cancer 
cases according to receptor status for Estrogen 
Receptor (ER), Progesterone Receptor (PR), and 
HER2neu. Most patients, 59.8%, were ER-positive, 
while 40.2% were ER-negative. Similarly, 51% of the 
patients were PR-positive, and 49% were 
PR-negative. Regarding HER2 status, 74.5% of cases 
were HER2-negative, while 25.5% were 
HER2-positivte.

INTRODUCTION
Saliva is a complex yet essential bodily fluid critical 
for maintaining oral health. It supports the integrity of 
the oral mucosa, aids in mineralization and 
digestion, enhances taste sensation, and 
contributes to phonation. Saliva also held diagnostic 
value for various infections, making it vital for 
homeostasis1,2,3,4. Salivary flow, whether unstimulated 
or stimulated, functioned as a reflex dependent on 
afferent stimulation and coordination from higher 
brain centers5,6. On average, daily salivary secretion 
ranged from 0.75–1.5 liters, with an unstimulated 
salivary flow rate (SFR) of approximately 0.3–0.5 
mL/min, increasing up to 10 mL/min when 
stimulated7,8.

Smoking was a prevalent habit worldwide, with 
one-third of the adult population identified as 
smokers9. Although the number of smokers had 
been declining, those who continued to smoke 
tended to do so more frequently. Smoking was a 
well-established risk factor for oral health issues, 
including xerostomia, halitosis, enhanced calculus 
formation, periodontal diseases, and severe 
conditions such as oropharyngeal and respiratory 
cancers10. Saliva, as the first fluid to encounter 
smoking-related toxins, underwent structural and 
functional changes11,12.

The relationship between smoking and salivary flow 
rate remained complex, with conflicting evidence 
regarding its effects13. Smokeless tobacco products, 
including chewing tobacco, snuff, betel quid, 
gutkha, and paan, were also widely used and linked 
to oral health problems such as periodontal 
diseases, lesions, and cancers14,15. Both smoking and 
smokeless tobacco altered salivary flow rate, pH 
levels, and electrolyte composition, significantly 
affecting the oral environment.

Tobacco use, in any form, posed a significant public 
health threat, particularly in Southeast Asia, where 
prevalence rates remained high16,17,18. This study 
addressed gaps in understanding by investigating 
the effects of smoking and smokeless tobacco on 
salivary flow rate, pH levels, and electrolytes among 
individuals in Hyderabad, Pakistan.

METHODS
The Ethical Review Committee of Isra University 
approved the study.  Informed consent was 
obtained from all participants prior to data 
collection. Each participant was assigned a unique 
code, with all data securely stored and accessible 
only to the research team to maintain 
confidentiality. The study sticks to the ethical 

principles outlined in the Declaration of Helsinki, 
ensuring the protection of participants’ rights and 
well-being. It was a cross-sectional study conducted 
at different community health centers, dental 
clinics, and public spaces in Hyderabad, Sindh. A 
cross-sectional study was conducted from January 
2024 to July 2024 at different community health 
centers, dental clinics, and public spaces in 
Hyderabad, Sindh. A sample size of N=150 was 
taken through convenient sampling by considering 
the prevalence of tobacco consumption in Pakistan 
equal to 13.4%, as reported in the study “Prevalence 
of tobacco use in Urban and rural areas of Pakistan; 
a sub-study from National Diabetes Survey of 
Pakistan”19. Using the following formula:
n = [DEFF*Np(1-p)]/ [(d2/Z21-α/2*(N-1)+p*(1-p)]

The selection criteria involve participants aged >18 
years, current smokers (using cigarettes or other 
smoked forms of tobacco) for at least one-year, 
current users of smokeless tobacco (such as 
chewing tobacco, snuff, betel quid, gutkha, or 
paan) for at least one year, and non-tobacco users 
(control group) who have never used any form of 
tobacco. Participants were excluded if they used 
both smoked and smokeless tobacco regularly; 
however, if a participant used both forms but 
reported a significantly higher frequency of one 
type over the other, they were assigned to the 
group corresponding to the predominantly kind of 
use. Other exclusion criteria having systemic 
diseases affecting salivary function (e.g., diabetes, 
Sjögren’s syndrome), being on medications known 
to influence salivary flow (e.g., anticholinergic, 
antidepressants), being pregnant or lactating and 
having a history of head and neck radiation 
therapy.

Participants were divided into three groups: 
smokers, smokeless tobacco users, and 
non-tobacco users. After obtaining informed 
consent, participants underwent the following 
procedures:
Participants were asked not to eat or drink anything 
and not to use the tobacco for at least 1 hour 
before the collection. Unstimulated saliva was taken 
from participants, and they were asked to spit into a 
pre-weighed container for 5 minutes. The amount of 
saliva produced was measured to calculate the 
flow rate (mL/min)20. The pH of unstimulated and 
stimulated saliva samples was measured 
immediately using a calibrated pH meter21. 
Collected saliva samples were analyzed for sodium 
(Na+), potassium (K+), and calcium (Ca²+) levels 
using ion-selective electrode analysis in a laboratory 
setting (Fig.1)22.
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optimize outcomes in breast cancer management. 
The research had been designed to analyze the 
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staining). The Allred score assesses hormone 
receptor expression by adding proportion score 
(0-5) and intensity score (0-3). A total score 3 and 
above was positive. HER2/neu staining was graded 
from 0 to 3+. Cases that showed equivocal HER 2 

neu staining were reanalyzed using fluorescent in 
situ hybridization (FISH). The Modified Bloom 
Richardson grading system was used to evaluate 
histological grades, and staging was done 
according to TNM Classification by AJCC17. Cases 
were categorized into Luminal A, luminal B, Triple 
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association between qualitative factors. A p-value 
less than 0.05 was regarded as significant.
 
RESULTS
A total of 200 cases of breast carcinoma were 
received during the study period, and the mean 
age at diagnosis was 52.98 +/- 13.96 years. Luminal B 
and infiltrating ductal Carcinoma (IDC) were found 

to be the most common molecular and histological 
subtypes. 

The biomarker distribution shows that most breast 
cancer cases were ER-positive and HER2-negative, 
which aligned with subtypes that respond well to 
hormonal therapy.

Fig: 1 illustrates the distribution of breast cancer 
cases according to receptor status for Estrogen 
Receptor (ER), Progesterone Receptor (PR), and 
HER2neu. Most patients, 59.8%, were ER-positive, 
while 40.2% were ER-negative. Similarly, 51% of the 
patients were PR-positive, and 49% were 
PR-negative. Regarding HER2 status, 74.5% of cases 
were HER2-negative, while 25.5% were 
HER2-positivte. Figure-1: Diagram Shows Ion-Selective Electrode Analysis, Adapted from The Chapter of 

“Comprehensive Supramolecular Chemistry II”. 

All salivary samples were labeled using unique 
participant codes to ensure anonymity and 
confidentiality. These codes were used throughout 
the analysis process to maintain privacy. Samples 
were securely stored in a temperature-controlled 
environment and were accessible only to 
authorized members of the research team. 
Participants were not provided with individual test 
results. However, those identified as belonging to 
the test groups (smokers and smokeless tobacco 
users) were informed about the study's general 
findings, including the observation of low salivary 
calcium levels. Participants were educated on the 
potential health risks associated with tobacco use 
and were provided with resources for cessation 
support.

A MedCalc statistical software was used to perform 
the data analysis for demographic description 
analysis frequencies were identified whereas 
inferential statistics were performed by applying a 
one-way analysis of variance at 95% of CI.

RESULTS
Descriptive analysis has revealed that the mean 
age of the participants in the control group was 
46.18±15.21 years, in the smoking group 45.10±13.31 
years and in the smokeless tobacco consumption 
was 46.80±14.22 years (p=0.83) Table-1.

Group Male 
n (%) 

Female 
n (%) 

Age (Years) 
Mean±SD F-Ratio Level of 

Significance 

Control 
(n=5) 28 (56%) 22 (44%) 46.18±15.21 

0.182 0.83 Smokers 
(n=50) 40 (80%) 10 (20%) 45.10±13.31 

Smokeless 
Tobacco 
(n=50) 

35 (70%) 15 (30%) 46.80±14.22 

Table 1: Demographic Information of The Participants Included in The Study 

One-way ANOVA was applied to determine differences in mean age among groups p>0.05 

Further salivary flow rate measurements, pH levels, and electrolyte measurements were performed and the 
analysis of the findings revealed that the levels of unstimulated flow rate were less p<0.001 in both smoking 
and smokeless tobacco user groups in comparison to the control group. Moreover, saliva pH levels were also 
compromised in both smokers and smokeless tobacco users in comparison to the control group p<0.001 
Table-2. 

Impact of Smoking and Smokeless Tobacco on Salivary Flow Rate, pH Levels, and Salivary Electrolytes 
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INTRODUCTION
Cancer remains a leading cause of death globally1. 
Breast cancer is the most often diagnosed cancer in 
women and the second leading cause of 
cancer-related mortality2. It was reported that, in 
2022, a total of 670,000 patients had died due to 
breast carcinoma worldwide. Breast cancer has 
been identified as the most common cancer 
among women in 157 out of 185 countries3. It had 
been estimated that 2.3 million new cases of BC 
were diagnosed globally each year4. The 
international landscape had revealed varying 
prevalence across different regions, with Western 
European countries exhibiting a higher incidence 
rate of breast cancer compared to Eastern Asian or 
African countries5. According to estimates, breast 
cancer may affect approximately one out of every 
nine women in Pakistan during their lifetime6. A total 
of 30,682 cases of breast carcinoma were recorded 
in both genders for the year 20227. 

Advancing age is a paramount risk factor for breast 
cancer, with incidence escalating significantly 
among older women8. However, recent researches 
show that females in their younger years are more 
prone to develop breast cancer9. Breast cancer is 
treatable if managed effectively early in the 
disease; however, treatment strategies for breast 
cancer are highly dependent on various 
physiological and anatomical factors, such as age, 
stage of cancer, size of the tumor, menopausal 
status, hormone receptors, and status of axillary 
lymph nodes9. The cDNA microarray technique was 
used to categorize breast cancer into subgroups by 
analyzing gene expression profiles 10,11. Carcinoma 
breasts were thus categorized into various 
molecular subtypes, including Luminal A & B, 
HER2-enriched, and basal-like, which were 
determined by mRNA gene expression levels12. 
Luminal-like breast cancer is the predominant 
subtype, accounting for 60%-70% of all breast 
tumors12. Luminal A, making up 14.81% of breast 
cancer cases, is hormone receptor-positive and 
HER2-negative with Ki67 < 14%, a favorable 
prognosis, and strong responsiveness to hormone 
therapy. Luminal B is typically hormone 
receptor-positive, sometimes expressing HER2 (if HER 
2 negatives with Ki67 > 14%), and is more aggressive 
than Luminal A13,14,20,22. It was stated that Triple 
Negative Breast Cancer (TNBC) was characterized 
by the absence of estrogen, progesterone, and 
HER2 receptors, leading to a more aggressive 
subtype and limited to nonspecific treatment 
options, primarily chemotherapy. The molecular 
distribution underscored the importance of 
individualized treatment plans, as each subtype 
presented distinct biological features and 
therapeutic responses. ER-positive tumors indicated 
a favorable response to hormonal therapies like 
tamoxifen or aromatase inhibitors, while ER-negative 

breast carcinomas warrant other therapeutic 
approaches14. Similarly, with this near-equal split, 
PR-positive and PR-negative cases suggested that 
PR status added complexity to treatment decisions, 
mainly when considered alongside ER status. 
HER2-negative tumors do not overexpress the HER2 
gene, while HER2-positive, which is typically linked to 
more aggressive disease, may benefit from 
HER2-targeted therapies like trastuzumab 
(Herceptin)15. Thus, receptor status emphasizes the 
importance of a tailored treatment approach to 
optimize outcomes in breast cancer management. 
The research had been designed to analyze the 
association of molecular classification of breast 
carcinoma with clinicopathological features, which 
are crucial for treatment options and predicting 
prognosis.

METHODS
The Ethical Review Committee ZU approved the 
study with the reference code 7310623ABPAT. A 
Cross-sectional study was done utilizing mastectomy 
specimens of primary breast carcinoma cases 
received at the Histopathology Department of 
Ziauddin Hospital Karachi between January 2022 
and August 2024. A sample size of 191 was 
calculated using Open Epi version 3, assuming a 95% 
confidence level, taking a 5% margin of error, and 
14.5 % prevalence of total breast cancer cases 
(WHO, Globocan 2020)7.

Two hundred cases (n = 200) were taken with a 
non-probability consecutive sampling technique. 
Grossing and reporting were done according to the 
CAP protocol (Invasive Carcinoma of the Breast 
4.5.0.0, 2021)16. Primary, treatment-naive breast 
carcinomas, including all invasive and in situ 
carcinomas, were included in the study. Metastatic 
breast cancer, insufficient tissue, and autolyzed 
specimens or specimens showing extensive necrosis 
were excluded from the study. After formalin fixation 
of the specimen, paraffin-embedded block 
formation, sectioning, and Haematoxylin and Eosin 
staining, these cases were subjected to 
histopathological examination for confirmation of 
diagnosis. Relevant parameters were recorded, 
including age, tumor laterality, tumor size (on gross 
and ultrasound), tumor location, tumor extent, 
histologic type, and lymph node status for every 
case. The original request cards were collected, 
and the proforma was filled for the required 
variables. Immunohistochemistry was performed, 
and stained slides were analyzed for ER, PR, HER 2 
neu, and Ki67 using the Allred scoring method 
(based on the percentage and intensity of positive 
staining). The Allred score assesses hormone 
receptor expression by adding proportion score 
(0-5) and intensity score (0-3). A total score 3 and 
above was positive. HER2/neu staining was graded 
from 0 to 3+. Cases that showed equivocal HER 2 

neu staining were reanalyzed using fluorescent in 
situ hybridization (FISH). The Modified Bloom 
Richardson grading system was used to evaluate 
histological grades, and staging was done 
according to TNM Classification by AJCC17. Cases 
were categorized into Luminal A, luminal B, Triple 
Negative, and HER2 positive subtypes. The data was 
tabulated and analyzed using IBM SPSS version 27. 
Pearson Chi-square was used to assess the 
association between qualitative factors. A p-value 
less than 0.05 was regarded as significant.
 
RESULTS
A total of 200 cases of breast carcinoma were 
received during the study period, and the mean 
age at diagnosis was 52.98 +/- 13.96 years. Luminal B 
and infiltrating ductal Carcinoma (IDC) were found 

to be the most common molecular and histological 
subtypes. 

The biomarker distribution shows that most breast 
cancer cases were ER-positive and HER2-negative, 
which aligned with subtypes that respond well to 
hormonal therapy.

Fig: 1 illustrates the distribution of breast cancer 
cases according to receptor status for Estrogen 
Receptor (ER), Progesterone Receptor (PR), and 
HER2neu. Most patients, 59.8%, were ER-positive, 
while 40.2% were ER-negative. Similarly, 51% of the 
patients were PR-positive, and 49% were 
PR-negative. Regarding HER2 status, 74.5% of cases 
were HER2-negative, while 25.5% were 
HER2-positivte.

Parameter Groups Average SFR 
(mL/min) F-Ratio Level of 

Significance 
Difference 

among 
factors 

p-value 

Salivary Flow 
Rate 
(mL/min) 

Control (1) 2.65±0.69 

322.56 p<0.001 

1 > 2 *0.001 
1 > 3 *0.001 

Smokers (2) 0.43±0.22 2 < 1 *0.001 
2 < 3 0.350 

Smokeless 
Tobacco (3) 0.63±0.40 3 < 1 *0.001 

3 > 2 0.600 

Saliva pH 

Control (1) 6.02±1.28 

9.24 p<0.001 

1 > 2 0.220 
1 > 3 *0.001 

Smokers (2) 5.70±0.42 2 < 1 0.180 
2 > 3 0.750 

Smokeless 
Tobacco (3) 5.34±0.42 3 < 1 *0.001 

3 < 2 0.450 
Post-hoc pairwise comparison  
*Significance p<0.05, p<0.001 

Table 2: Determining Difference in Salivary Flow Rate and pH Levels Among Group 

Levels of electrolytes were also analyzed and the findings provided evidence that the levels of sodium and 
potassium were changed among smokers and smokeless tobacco users but differences were non-significant 
p>0.05 whereas for calcium; the levels were significantly different among the three-group p<0.001 Table-3, 
Fig-2. 

Table 3: Determining Difference in The Levels of Electrolytes Among Groups 

Parameter Groups Mean±SD F-Ratio Level of 
Significance 

Difference 
Among 
Factors 

p-value 

Sodium 
(mEq/L) 

Control (1) 20.96±4.90 

1.301 0.275 

1 < 2 0.350 
1 < 3 0.220 

Smokers (2) 22.16±2.37 2 > 1 *0.001 
2 > 3 0.600 

Smokeless 
Tobacco (3) 21.44±3.45 3 < 1 *0.020 

3 < 2 0.450 

Potassium 
(mEq/L) 

Control (1) 25.18±5.80 

0.188 0.828 

1 < 2 0.400 
1 < 3 0.600 

Smokers (2) 25.66±2.39 2 > 1 0.050 
2 > 3 0.800 

Smokeless 
Tobacco (3) 25.48±2.71 3 < 1 0.150 

3 < 2 0.250 

Calcium 
(mg/dL) 

Control (1) 1.28±0.177 

111.577 < 0.001 

1 > 2 *0.001 
1 > 3 *0.001 

Smokers (2) 0.85±0.14 2 < 1 *0.001 
2 < 3 0.750 

Smokeless 
Tobacco (3) 0.90±0.14 3 < 1 *0.001 

3 > 2 0.600 

Post-hoc pairwise comparison  
*Significance p<0.05, p<0.001 
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Figure - 2:  Shows the Mean Difference Between Three Electrolytes Between the Groups 

DISCUSSION
The reporting of this study reveals significant differ-
ences in salivary parameters and electrolyte levels 
among participants who smoke or use smokeless 
tobacco and those in the control group. Although 
the mean age of participants did not significantly 
differ across the three groups (p=0.83), there were 
notable changes in salivary flow rates and pH levels. 
Both smokers and smokeless tobacco users exhibit-
ed significantly reduced unstimulated salivary flow 
rates compared to the control group (p<0.001). 
Additionally, salivary pH levels were significantly 
lower in both smokers and smokeless tobacco users 
compared to the control group, indicating compro-
mised oral health in tobacco users (p<0.001). 
Furthermore, while sodium and potassium levels 
showed no significant difference among the groups 
(p>0.05), calcium levels were significantly lower in 
both smokers and smokeless tobacco users com-
pared to the control group (p<0.001). 

A study conducted to assess the impact of tobacco 
use on salivary pH levels found that both tobacco 
chewers and smokers exhibited significantly lower 
salivary pH compared to non-users, highlighting the 
detrimental effects of tobacco on oral health. The 
results showed that tobacco chewers had a mean 
salivary pH of 6.59±0.4399, smokers had a mean pH 
of 6.87±0.4835, and non-users had a mean pH of 
7.12±0.144623. These findings align with our results, 
which also demonstrate significantly lower salivary 
pH levels in both smokers and smokeless tobacco 
users compared to the control group (p<0.001). 

In another study, it was found that smokers exhibit a 
significantly reduced salivary flow rate (SFR) com-
pared to non-smokers, reinforcing the negative 

impact of smoking on oral health. The study 
revealed a statistically significant decrease in SFR 
among smokers (p<0.0001), with further reductions 
observed as the duration (p<0.001) and frequency 
(p=0.012) of smoking increased23. These findings are 
consistent with our results, where both smokers and 
smokeless tobacco users demonstrated significantly 
lower unstimulated salivary flow rates compared to 
the control group (p<0.001). The reduction in SFR 
associated with smoking is particularly concerning, 
as it can lead to dry mouth (xerostomia), increasing 
the risk of oral complications such as tooth decay, 
gum disease, and oral infections. 

In a related study investigating the effects of Smoke-
less Tobacco (SLT) on periodontal health, it was 
found that SLT use significantly disrupts the balance 
between reactive oxygen species (ROS) and antiox-
idants (AO) such as glutathione in saliva24. The study 
demonstrated that periodontitis patients using SLT 
had lower glutathione levels in their saliva at base-
line and one month after non-surgical periodontal 
therapy compared to non-SLT users (p<0.001)25,26. 

In another study, it was found that while the mean 
bleeding on probing (BOP) was much higher in 
smokers, the mean calcium level of female smokers 
was significantly lower than that of non-smokers 
despite there being no statistically significant differ-
ence in the total daily calcium consumption, 
indicating that calcium levels may be influenced by 
factors other than intake. The study also found that 
salivary calcium levels and BOP decreased with 
increased smoking times27. Compared to the control 
group, our results showed a substantial decrease in 
calcium levels among smokers and users of smoke-
less tobacco (p<0.001). The steady decline in calci-

um levels highlights the need for more research on 
the impact of smoking on calcium metabolism28.

The strength of this study lies in its comprehensive 
approach, assessing multiple salivary parameters, 
including flow rate, pH levels, and electrolytes, to 
understand the impact of smoking and smokeless 
tobacco on oral health. However, one of the areas 
for improvement is our study design, which is a 
cross-sectional design that restricts various variables 
to be studied and limits the causal relationship 
between tobacco use and changes in the parame-
ters of saliva.

CONCLUSION
The study concludes that both smoking and smoke-
less tobacco can cause a reduction in salivary flow 
rate and altered pH levels, along with a significant 
reduction in calcium levels. While sodium and potas-
sium levels showed changes, these were not statisti-
cally significant. The results overall mention the 
harmful effects of tobacco on oral health.
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DISCUSSION
In the present study, the mean DOA for the patients 
who underwent LC in group B was 4.42±3.95 hours, 
and in group BD, it was 7.63±2.65 hours (p=0.0002). It 
was also noted that the reduction in VAS scores was 
significant in the BD group when compared to 
Group B in the first 6 hours postoperatively. However, 
the VAS scores concerning 12 and 24 hours in Group 
B were still relatively high when compared to Group 
BD. Our results are comparable with the results of 
Shukla and Bairwa, who compared intraperitoneal 
BPV alone or combined with DEX in post-LC 
patients11. The difference in mean VAS was 
significant in two groups at 8 hours, 12 hours, 16 
hours, and 20 hours, with 2.27±0.74, 3.03±0.67, 
3.5±0.63, and 4.03±0.72 in group B and 1.7±1.36, 
2.1±1.09, 2.6±1.22, and 3.03±1.09 in group BD, 
respectively. They concluded that intraperitoneal 
instillation of BPV with DEX is superior to BPV alone 
which is similar to what we revealed in the present 
study. In another study, it was also discovered that 
intra-peritoneal instillation of BPV in combination 
with DEX provided better postoperative analgesia 
than BPV or a tramadol and BPV mixture following 
LC than BPV or a tramadol and BPV mixture12. Oza et 
al from India concluded that intraperitoneal 
instillation of DEX along with BPV significantly 
prolonged the span of post-surgery analgesia in 
comparison to BPV alone13. The authors also 
described that there was less need for several 
rescue analgesia in the combination group. 

Our findings stand aligned with what Shankar et al 
where they showed that intraperitoneal 
administration of DEX at 1 µg/kg combined with 
0.25% BPV in elective LC significantly decreases 
postoperative pain and reduces the need for 
analgesics compared to the use of 0.25% BPV alone 
following LC14. In a recently published randomized 
controlled trial, Bhatia et al indicated that 0.25% BPV 
alone had a shorter duration of action compared to 
its combination with DEX15. Administering these 
drugs intraperitoneally while the laparoscope is still 
in the abdominal cavity ensures accurate 
placement, ease of administration, and a favorable 
safety profile due to direct visualization. The use of 
BPV combined with DEX for postoperative analgesia 
shows great promise as part of a multimodal 
analgesia approach in LC. Narasimham and Rao 
also revealed similar findings16. Furthermore, 
compared the effectiveness of intraperitoneal BPV 
with or without fentanyl and DEX for postoperative 
analgesia after laparoscopic surgery17. The VAS pain 
score was significantly reduced in the first eight 
hours of surgery. In patients having LC, they found 
that intra-peritoneal instillation of BPV in conjunction 
with DEX considerably decreased postoperative 
pain ratings when compared to BPV alone. Another 
study also concluded that adding 
dexmedetomidine with bupivacaine prolonged the 

duration of the need for post-surgery analgesia 
which corroborates well with this study18. Other 
studies like Prakash et al, and Shaker et al also 
reported similar findings19,20.

Perioperative analgesia has traditionally relied on 
opioid analgesics; however, extensive use of opioids 
can lead to several perioperative side effects, 
including respiratory depression, drowsiness, 
sedation, postoperative nausea and vomiting, 
pruritus, urinary retention, ileus, and constipation. 
These effects can contribute to delayed hospital 
discharge and decreased patient satisfaction21-23. To 
mitigate these issues, the intraperitoneal 
administration of local anesthetics in conjunction 
with general anesthesia during LC has emerged as 
an effective alternative24,25.

This study has strengths and limitations as well. This 
study supports previous findings that intraperitoneal 
local anesthetic instillation is more successful when 
administered towards the end of an operation 
rather than at the beginning for patients undergoing 
LC. The primary benefit of local anesthetics is their 
lack of narcotic side effects, which can impede 
healing and hospital discharge. A small sample size 
and single-center study place were some of the 
limitations of this research. 

CONCLUSION
This study concluded that intraperitoneal instillation 
of DEX 1 μg/kg with local anesthetic 0.25% BPV 50 ml 
at the end of surgery in patients undergoing LC 
significantly reduced the postoperative pain, 
especially up to the six hours postoperatively. 
Hence, the combination of DEX and BPV is superior 
to BPV alone for intraperitoneal instillation in LC for 
postoperative analgesia. 

ACKNOWLEDGEMENTS
The authors are thankful to Muhammad Aamir Latif 
(RESnTEC) for his assistance in trial registration of this 
research project at www.clinicaltrials.gov

ETHICAL APPROVAL
The permission was obtained from the Institutional 
Ethics Committee of the Quaid e Azam Medical 
College / Bahawal Victoria Hospital, Bahawalpur, 
with letter number 377/DME/QAMC Bahawalpur, 
dated: 21-07-2020.

CONFLICT OF INTEREST
The authors have no conflict of interest.

AUTHORS CONTRIBUTIONS
AA: did data collection, drafting, and responsibility 
for the data’s integrity and AK: designed, 
conceived the idea, supervised, and proofread, 
SSA: conceived the idea, did data analysis, critical 
review, and final review SN: did manuscript editing, 

data analysis, data interpretation MI: did data 
collection, manuscript editing, literature review and 
approved for publication. S: did manuscript editing, 
proofreading, critical revisions 

REFERENCES
1. Fisher AT, Bessoff KE, Khan RI, Touponse GC, Yu 
MMK, Patil AA, et al. Evidence-based surgery for 
laparoscopic cholecystectomy. Surg Open Sci. 2022 
Aug 18;10:116-134. doi: 10.1016/j.sopen.2022.08.003
2. Yadava A, Rajput SK, Katiyar S, Jain RK. A 
comparison of intraperitoneal 
bupivacaine-tramadol with 
bupivacaine-magnesium sulfate for pain relief after 
laparoscopic cholecystectomy: A prospective, 
randomized study. Indian Journal of Anaesthesia. 
2016 Oct 1;60(10):757-62.
3. Li X, Li K. Time Characteristics of Shoulder Pain after 
Laparoscopic Surgery. JSLS. 2021 
Apr-Jun;25(2):e2021.00027. doi: 
10.4293/JSLS.2021.00027
4. Ishida Y, Okada T, Kobayashi T, Funatsu K, Uchino 
H. Pain Management of Acute and Chronic 
Postoperative Pain. Cureus. 2022 Apr 9;14(4):e23999. 
doi: 10.7759/cureus.23999
5. Nallani R, Fox CC, Sykes KJ, Surprise JK, Fox CE, 
Reschke AD, et al. Pain Management and 
Education for Ambulatory Surgery: A Qualitative 
Study of Perioperative Nurses. J Surg Res. 2021 
Apr;260:419-427. Doi: 10.1016/j.jss.2020.11.001
6. Paladini A, Rawal N, Coca MM, Trifa M, Montero 
A, Pergolizzi J Jr, et al. Advances in the 
Management of Acute Postsurgical Pain: A Review. 
Cureus. 2023 Aug 4;15(8):e42974. doi: 
10.7759/cureus.42974
7. Nikoubakht N, Faiz SHR, Mousavi SH, Shafeinia A, 
Borhani Zonoz L. Effect of bupivacaine 
intraperitoneal and intra-abdominal bicarbonate in 
reducing postoperative pain in laparoscopic 
cholecystectomy: a double-blind randomized 
clinical trial study. BMC Res Notes. 2022 Jun 
3;15(1):191. doi: 10.1186/s13104-022-06083-3
8. Paganelli MA, Popescu GK. Actions of 
bupivacaine, a widely used local anesthetic, on 
NMDA receptor responses. J Neurosci. 2015 Jan 
14;35(2):831-42. doi: 
10.1523/JNEUROSCI.3578-14.2015.
9. Mahmoud M, Mason KP. Dexmedetomidine: 
review, update, and future considerations of 
pediatric perioperative and periprocedural 
applications and limitations. Br J Anaesth. 2015 
Oct;115(2):171-182. doi:10.1093/bja/aev226
10. Rapolu S, Kumar KA, Aasim SA. A comparative 
study on intraperitoneal bupivacaine alone or with 
dexmedetomidine for postoperative analgesia 
following laparoscopic cholecystectomy. IAIM. 2016 
Dec 1;3(12):33-40.
11. Shukla C, Bairwa RK. Comparison of 
administration of intraperitoneal bupivacaine and 
intraperitoneal bupivacaine with dexmedetomidine 

in post laparoscopic cholecystectomy patients for 
postoperative pain relief. Indian J Clin Anaesth. 2018 
Oct;5(4):561-565. doi:10.18231/2394-4994.2018.0106
12. Shukla U, Prabhakar T, Malhotra K, Srivastava D, 
Malhotra K. Intraperitoneal bupivacaine alone or 
with dexmedetomidine or tramadol for 
postoperative analgesia following laparoscopic 
cholecystectomy: A comparative evaluation. 
Indian J Anaesth. 2015 Apr;59(4):234-9. doi: 
10.4103/0019-5049.155001. 
13. Oza VP, Parmar V, Badheka J, Nanavati DS, Taur 
P, Rajyaguru AM. Comparative study of 
postoperative analgesic effect of intraperitoneal 
instillation of dexmedetomidine with bupivacaine 
and bupivacaine alone after laparoscopic surgery. 
J Minim Access Surg. 2016 Jul-Sep;12(3):260-4. doi: 
10.4103/0972-9941.181370
14. Shankar S, Gupta BK, Singh MK, Pandey AR, 
Dwivedi V, Sachan S. Intraperitoneal bupivacaine 
alone or with dexmedetomidine for postoperative 
analgesia following laparoscopic cholecystectomy: 
A prospective randomized comparative study. 
Anaesth Pain Intensive Care. 2022 Jun;26(3):347-351. 
DOI: 10.35975/apic.v26i3.1909
15. Bhatia U, Khanbhaiwala FB, Prajapati N, Atodaria 
A, Sutariya V, Bamania H. A comparative evaluation 
of intraperitoneal bupivacaine alone and 
bupivacaine with dexmedetomidine for 
postoperative analgesia following laparoscopic 
cholecystectomy. J Minim Access Surg. 2024 Jul 1. 
doi: 10.4103/jmas.jmas_11_24.
16. Narasimham ML, Rao BD. Comparison of 
intraperitoneal bupivacaine alone or with 
dexmedetomidine or tramadol for postoperative 
analgesia following laparoscopic cholecystectomy. 
India J Clin Anaesth. 2017;4(1):143-146. doi: 
10.18231/2394-4994.2017.0030 
17. Gupta B, Verma V, Chaudhary UK, Sidhu R, 
Chandel A. Effect of intraperitoneal instillation of 
dexmedetomidine or fentanyl as adjuvants to 
bupivacaine on fast-tracking discharge criteria in 
patients undergoing ambulatory laparoscopic 
cholecystectomy: a randomized double-blind 
control trial. Ain-Shams J Anesthesiol. 2021 Oct 
11;13:60. doi:10.1186/s42077-021-00175-1
18. Rokhgireh S , Mehdizadehkashi A, Vahdat M , 
Najmi Z, Shoazi NT, Asaraii V, et al. The Impact of 
Intraperitoneal Dexmedetomidine with Bupivacaine 
on Patients’ Postoperative Pain in Endometriosis 
Laparoscopic Surgery; A Randomized, Clinical Trial. 
Shiraz E-Med J. 2019 Jun 3;20(7):e85296. doi: 
10.5812/semj.85296
19. Aditya Prakash, Hirday Kumar, Pankaj Kumar. 
Intraperitoneal bupivacaine alone or with 
dexmedetomidine or tramadol or fentanyl for 
post-operative analgesia following laparoscopic 
cholecystectomy: A comparative evaluation. Int. J. 
Heal. Clin. Res. [Internet]. 2021Sep.17 [cited 
2024Dec.17];4(16):43-7. Available from: 
https://ijhcr.com/index.php/ijhcr/article/view/2589

20. Shaker EH, Soliman MS, Hanafy A, Elsabeeny WY. 
Comparative Study Between Early versus Late 
Intraperitoneal Administration of Either 
Bupivacaine/Tramadol or 
Bupivacaine/Dexmedetomidine for Perioperative 
Analgesia in Abdominal Laparoscopic Cancer 
Surgeries: A Prospective Randomized Study. J Pain 
Res. 2022 Oct 18;15:3233-3243. doi: 
10.2147/JPR.S376681
21. Hyland SJ, Brockhaus KK, Vincent WR, Spence NZ, 
Lucki MM, Howkins MJ, et al. Perioperative Pain 
Management and Opioid Stewardship: A Practical 
Guide. Healthcare (Basel). 2021 Mar 16;9(3):333. doi: 
10.3390/healthcare9030333
22. Cheung CK, Adeola JO, Beutler SS, Urman RD. 
Postoperative Pain Management in Enhanced 
Recovery Pathways. J Pain Res. 2022 Jan 
13;15:123-135. doi: 10.2147/JPR.S231774

23. Garimella V, Cellini C. Postoperative pain 
control. Clin Colon Rectal Surg. 2013 Sep;26(3):191-6. 
doi: 10.1055/s-0033-1351138.
24. Amer AF, Mostafa TAH, Mansour RF. 
Intraperitoneal Versus Intravenous 
Dexmedetomidine for Postoperative Analgesia 
Following Laparoscopic Sleeve Gastrectomy 
Surgery: A prospective, Randomized Controlled trial. 
Egypt J Anaesth. 2023 Feb 7;39(1):120-127. doi: 
10.1080/11101849.2023.2173232
25. Rutherford D, Massie EM, Worsley C, Wilson MS. 
Intraperitoneal local anesthetic instillation versus no 
intraperitoneal local anesthetic instillation for 
laparoscopic cholecystectomy. Cochrane 
Database Syst Rev. 2021 Oct 25;10(10): CD007337. 
Doi: 10.1002/14651858.CD007337.pub4.
 

Impact of Smoking and Smokeless Tobacco on Salivary Flow Rate, pH Levels, and Salivary Electrolytes 



37PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2025, VOL.14 (01) DOI: https://doi.org/10.36283/ziun-pjmd 14-1/006

DISCUSSION
The reporting of this study reveals significant differ-
ences in salivary parameters and electrolyte levels 
among participants who smoke or use smokeless 
tobacco and those in the control group. Although 
the mean age of participants did not significantly 
differ across the three groups (p=0.83), there were 
notable changes in salivary flow rates and pH levels. 
Both smokers and smokeless tobacco users exhibit-
ed significantly reduced unstimulated salivary flow 
rates compared to the control group (p<0.001). 
Additionally, salivary pH levels were significantly 
lower in both smokers and smokeless tobacco users 
compared to the control group, indicating compro-
mised oral health in tobacco users (p<0.001). 
Furthermore, while sodium and potassium levels 
showed no significant difference among the groups 
(p>0.05), calcium levels were significantly lower in 
both smokers and smokeless tobacco users com-
pared to the control group (p<0.001). 

A study conducted to assess the impact of tobacco 
use on salivary pH levels found that both tobacco 
chewers and smokers exhibited significantly lower 
salivary pH compared to non-users, highlighting the 
detrimental effects of tobacco on oral health. The 
results showed that tobacco chewers had a mean 
salivary pH of 6.59±0.4399, smokers had a mean pH 
of 6.87±0.4835, and non-users had a mean pH of 
7.12±0.144623. These findings align with our results, 
which also demonstrate significantly lower salivary 
pH levels in both smokers and smokeless tobacco 
users compared to the control group (p<0.001). 

In another study, it was found that smokers exhibit a 
significantly reduced salivary flow rate (SFR) com-
pared to non-smokers, reinforcing the negative 

impact of smoking on oral health. The study 
revealed a statistically significant decrease in SFR 
among smokers (p<0.0001), with further reductions 
observed as the duration (p<0.001) and frequency 
(p=0.012) of smoking increased23. These findings are 
consistent with our results, where both smokers and 
smokeless tobacco users demonstrated significantly 
lower unstimulated salivary flow rates compared to 
the control group (p<0.001). The reduction in SFR 
associated with smoking is particularly concerning, 
as it can lead to dry mouth (xerostomia), increasing 
the risk of oral complications such as tooth decay, 
gum disease, and oral infections. 

In a related study investigating the effects of Smoke-
less Tobacco (SLT) on periodontal health, it was 
found that SLT use significantly disrupts the balance 
between reactive oxygen species (ROS) and antiox-
idants (AO) such as glutathione in saliva24. The study 
demonstrated that periodontitis patients using SLT 
had lower glutathione levels in their saliva at base-
line and one month after non-surgical periodontal 
therapy compared to non-SLT users (p<0.001)25,26. 

In another study, it was found that while the mean 
bleeding on probing (BOP) was much higher in 
smokers, the mean calcium level of female smokers 
was significantly lower than that of non-smokers 
despite there being no statistically significant differ-
ence in the total daily calcium consumption, 
indicating that calcium levels may be influenced by 
factors other than intake. The study also found that 
salivary calcium levels and BOP decreased with 
increased smoking times27. Compared to the control 
group, our results showed a substantial decrease in 
calcium levels among smokers and users of smoke-
less tobacco (p<0.001). The steady decline in calci-

um levels highlights the need for more research on 
the impact of smoking on calcium metabolism28.

The strength of this study lies in its comprehensive 
approach, assessing multiple salivary parameters, 
including flow rate, pH levels, and electrolytes, to 
understand the impact of smoking and smokeless 
tobacco on oral health. However, one of the areas 
for improvement is our study design, which is a 
cross-sectional design that restricts various variables 
to be studied and limits the causal relationship 
between tobacco use and changes in the parame-
ters of saliva.

CONCLUSION
The study concludes that both smoking and smoke-
less tobacco can cause a reduction in salivary flow 
rate and altered pH levels, along with a significant 
reduction in calcium levels. While sodium and potas-
sium levels showed changes, these were not statisti-
cally significant. The results overall mention the 
harmful effects of tobacco on oral health.
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DISCUSSION
In the present study, the mean DOA for the patients 
who underwent LC in group B was 4.42±3.95 hours, 
and in group BD, it was 7.63±2.65 hours (p=0.0002). It 
was also noted that the reduction in VAS scores was 
significant in the BD group when compared to 
Group B in the first 6 hours postoperatively. However, 
the VAS scores concerning 12 and 24 hours in Group 
B were still relatively high when compared to Group 
BD. Our results are comparable with the results of 
Shukla and Bairwa, who compared intraperitoneal 
BPV alone or combined with DEX in post-LC 
patients11. The difference in mean VAS was 
significant in two groups at 8 hours, 12 hours, 16 
hours, and 20 hours, with 2.27±0.74, 3.03±0.67, 
3.5±0.63, and 4.03±0.72 in group B and 1.7±1.36, 
2.1±1.09, 2.6±1.22, and 3.03±1.09 in group BD, 
respectively. They concluded that intraperitoneal 
instillation of BPV with DEX is superior to BPV alone 
which is similar to what we revealed in the present 
study. In another study, it was also discovered that 
intra-peritoneal instillation of BPV in combination 
with DEX provided better postoperative analgesia 
than BPV or a tramadol and BPV mixture following 
LC than BPV or a tramadol and BPV mixture12. Oza et 
al from India concluded that intraperitoneal 
instillation of DEX along with BPV significantly 
prolonged the span of post-surgery analgesia in 
comparison to BPV alone13. The authors also 
described that there was less need for several 
rescue analgesia in the combination group. 

Our findings stand aligned with what Shankar et al 
where they showed that intraperitoneal 
administration of DEX at 1 µg/kg combined with 
0.25% BPV in elective LC significantly decreases 
postoperative pain and reduces the need for 
analgesics compared to the use of 0.25% BPV alone 
following LC14. In a recently published randomized 
controlled trial, Bhatia et al indicated that 0.25% BPV 
alone had a shorter duration of action compared to 
its combination with DEX15. Administering these 
drugs intraperitoneally while the laparoscope is still 
in the abdominal cavity ensures accurate 
placement, ease of administration, and a favorable 
safety profile due to direct visualization. The use of 
BPV combined with DEX for postoperative analgesia 
shows great promise as part of a multimodal 
analgesia approach in LC. Narasimham and Rao 
also revealed similar findings16. Furthermore, 
compared the effectiveness of intraperitoneal BPV 
with or without fentanyl and DEX for postoperative 
analgesia after laparoscopic surgery17. The VAS pain 
score was significantly reduced in the first eight 
hours of surgery. In patients having LC, they found 
that intra-peritoneal instillation of BPV in conjunction 
with DEX considerably decreased postoperative 
pain ratings when compared to BPV alone. Another 
study also concluded that adding 
dexmedetomidine with bupivacaine prolonged the 

duration of the need for post-surgery analgesia 
which corroborates well with this study18. Other 
studies like Prakash et al, and Shaker et al also 
reported similar findings19,20.

Perioperative analgesia has traditionally relied on 
opioid analgesics; however, extensive use of opioids 
can lead to several perioperative side effects, 
including respiratory depression, drowsiness, 
sedation, postoperative nausea and vomiting, 
pruritus, urinary retention, ileus, and constipation. 
These effects can contribute to delayed hospital 
discharge and decreased patient satisfaction21-23. To 
mitigate these issues, the intraperitoneal 
administration of local anesthetics in conjunction 
with general anesthesia during LC has emerged as 
an effective alternative24,25.

This study has strengths and limitations as well. This 
study supports previous findings that intraperitoneal 
local anesthetic instillation is more successful when 
administered towards the end of an operation 
rather than at the beginning for patients undergoing 
LC. The primary benefit of local anesthetics is their 
lack of narcotic side effects, which can impede 
healing and hospital discharge. A small sample size 
and single-center study place were some of the 
limitations of this research. 

CONCLUSION
This study concluded that intraperitoneal instillation 
of DEX 1 μg/kg with local anesthetic 0.25% BPV 50 ml 
at the end of surgery in patients undergoing LC 
significantly reduced the postoperative pain, 
especially up to the six hours postoperatively. 
Hence, the combination of DEX and BPV is superior 
to BPV alone for intraperitoneal instillation in LC for 
postoperative analgesia. 
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DISCUSSION
The reporting of this study reveals significant differ-
ences in salivary parameters and electrolyte levels 
among participants who smoke or use smokeless 
tobacco and those in the control group. Although 
the mean age of participants did not significantly 
differ across the three groups (p=0.83), there were 
notable changes in salivary flow rates and pH levels. 
Both smokers and smokeless tobacco users exhibit-
ed significantly reduced unstimulated salivary flow 
rates compared to the control group (p<0.001). 
Additionally, salivary pH levels were significantly 
lower in both smokers and smokeless tobacco users 
compared to the control group, indicating compro-
mised oral health in tobacco users (p<0.001). 
Furthermore, while sodium and potassium levels 
showed no significant difference among the groups 
(p>0.05), calcium levels were significantly lower in 
both smokers and smokeless tobacco users com-
pared to the control group (p<0.001). 

A study conducted to assess the impact of tobacco 
use on salivary pH levels found that both tobacco 
chewers and smokers exhibited significantly lower 
salivary pH compared to non-users, highlighting the 
detrimental effects of tobacco on oral health. The 
results showed that tobacco chewers had a mean 
salivary pH of 6.59±0.4399, smokers had a mean pH 
of 6.87±0.4835, and non-users had a mean pH of 
7.12±0.144623. These findings align with our results, 
which also demonstrate significantly lower salivary 
pH levels in both smokers and smokeless tobacco 
users compared to the control group (p<0.001). 

In another study, it was found that smokers exhibit a 
significantly reduced salivary flow rate (SFR) com-
pared to non-smokers, reinforcing the negative 

impact of smoking on oral health. The study 
revealed a statistically significant decrease in SFR 
among smokers (p<0.0001), with further reductions 
observed as the duration (p<0.001) and frequency 
(p=0.012) of smoking increased23. These findings are 
consistent with our results, where both smokers and 
smokeless tobacco users demonstrated significantly 
lower unstimulated salivary flow rates compared to 
the control group (p<0.001). The reduction in SFR 
associated with smoking is particularly concerning, 
as it can lead to dry mouth (xerostomia), increasing 
the risk of oral complications such as tooth decay, 
gum disease, and oral infections. 

In a related study investigating the effects of Smoke-
less Tobacco (SLT) on periodontal health, it was 
found that SLT use significantly disrupts the balance 
between reactive oxygen species (ROS) and antiox-
idants (AO) such as glutathione in saliva24. The study 
demonstrated that periodontitis patients using SLT 
had lower glutathione levels in their saliva at base-
line and one month after non-surgical periodontal 
therapy compared to non-SLT users (p<0.001)25,26. 

In another study, it was found that while the mean 
bleeding on probing (BOP) was much higher in 
smokers, the mean calcium level of female smokers 
was significantly lower than that of non-smokers 
despite there being no statistically significant differ-
ence in the total daily calcium consumption, 
indicating that calcium levels may be influenced by 
factors other than intake. The study also found that 
salivary calcium levels and BOP decreased with 
increased smoking times27. Compared to the control 
group, our results showed a substantial decrease in 
calcium levels among smokers and users of smoke-
less tobacco (p<0.001). The steady decline in calci-

um levels highlights the need for more research on 
the impact of smoking on calcium metabolism28.

The strength of this study lies in its comprehensive 
approach, assessing multiple salivary parameters, 
including flow rate, pH levels, and electrolytes, to 
understand the impact of smoking and smokeless 
tobacco on oral health. However, one of the areas 
for improvement is our study design, which is a 
cross-sectional design that restricts various variables 
to be studied and limits the causal relationship 
between tobacco use and changes in the parame-
ters of saliva.

CONCLUSION
The study concludes that both smoking and smoke-
less tobacco can cause a reduction in salivary flow 
rate and altered pH levels, along with a significant 
reduction in calcium levels. While sodium and potas-
sium levels showed changes, these were not statisti-
cally significant. The results overall mention the 
harmful effects of tobacco on oral health.
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DISCUSSION
In the present study, the mean DOA for the patients 
who underwent LC in group B was 4.42±3.95 hours, 
and in group BD, it was 7.63±2.65 hours (p=0.0002). It 
was also noted that the reduction in VAS scores was 
significant in the BD group when compared to 
Group B in the first 6 hours postoperatively. However, 
the VAS scores concerning 12 and 24 hours in Group 
B were still relatively high when compared to Group 
BD. Our results are comparable with the results of 
Shukla and Bairwa, who compared intraperitoneal 
BPV alone or combined with DEX in post-LC 
patients11. The difference in mean VAS was 
significant in two groups at 8 hours, 12 hours, 16 
hours, and 20 hours, with 2.27±0.74, 3.03±0.67, 
3.5±0.63, and 4.03±0.72 in group B and 1.7±1.36, 
2.1±1.09, 2.6±1.22, and 3.03±1.09 in group BD, 
respectively. They concluded that intraperitoneal 
instillation of BPV with DEX is superior to BPV alone 
which is similar to what we revealed in the present 
study. In another study, it was also discovered that 
intra-peritoneal instillation of BPV in combination 
with DEX provided better postoperative analgesia 
than BPV or a tramadol and BPV mixture following 
LC than BPV or a tramadol and BPV mixture12. Oza et 
al from India concluded that intraperitoneal 
instillation of DEX along with BPV significantly 
prolonged the span of post-surgery analgesia in 
comparison to BPV alone13. The authors also 
described that there was less need for several 
rescue analgesia in the combination group. 

Our findings stand aligned with what Shankar et al 
where they showed that intraperitoneal 
administration of DEX at 1 µg/kg combined with 
0.25% BPV in elective LC significantly decreases 
postoperative pain and reduces the need for 
analgesics compared to the use of 0.25% BPV alone 
following LC14. In a recently published randomized 
controlled trial, Bhatia et al indicated that 0.25% BPV 
alone had a shorter duration of action compared to 
its combination with DEX15. Administering these 
drugs intraperitoneally while the laparoscope is still 
in the abdominal cavity ensures accurate 
placement, ease of administration, and a favorable 
safety profile due to direct visualization. The use of 
BPV combined with DEX for postoperative analgesia 
shows great promise as part of a multimodal 
analgesia approach in LC. Narasimham and Rao 
also revealed similar findings16. Furthermore, 
compared the effectiveness of intraperitoneal BPV 
with or without fentanyl and DEX for postoperative 
analgesia after laparoscopic surgery17. The VAS pain 
score was significantly reduced in the first eight 
hours of surgery. In patients having LC, they found 
that intra-peritoneal instillation of BPV in conjunction 
with DEX considerably decreased postoperative 
pain ratings when compared to BPV alone. Another 
study also concluded that adding 
dexmedetomidine with bupivacaine prolonged the 

duration of the need for post-surgery analgesia 
which corroborates well with this study18. Other 
studies like Prakash et al, and Shaker et al also 
reported similar findings19,20.

Perioperative analgesia has traditionally relied on 
opioid analgesics; however, extensive use of opioids 
can lead to several perioperative side effects, 
including respiratory depression, drowsiness, 
sedation, postoperative nausea and vomiting, 
pruritus, urinary retention, ileus, and constipation. 
These effects can contribute to delayed hospital 
discharge and decreased patient satisfaction21-23. To 
mitigate these issues, the intraperitoneal 
administration of local anesthetics in conjunction 
with general anesthesia during LC has emerged as 
an effective alternative24,25.

This study has strengths and limitations as well. This 
study supports previous findings that intraperitoneal 
local anesthetic instillation is more successful when 
administered towards the end of an operation 
rather than at the beginning for patients undergoing 
LC. The primary benefit of local anesthetics is their 
lack of narcotic side effects, which can impede 
healing and hospital discharge. A small sample size 
and single-center study place were some of the 
limitations of this research. 

CONCLUSION
This study concluded that intraperitoneal instillation 
of DEX 1 μg/kg with local anesthetic 0.25% BPV 50 ml 
at the end of surgery in patients undergoing LC 
significantly reduced the postoperative pain, 
especially up to the six hours postoperatively. 
Hence, the combination of DEX and BPV is superior 
to BPV alone for intraperitoneal instillation in LC for 
postoperative analgesia. 

ACKNOWLEDGEMENTS
The authors are thankful to Muhammad Aamir Latif 
(RESnTEC) for his assistance in trial registration of this 
research project at www.clinicaltrials.gov

ETHICAL APPROVAL
The permission was obtained from the Institutional 
Ethics Committee of the Quaid e Azam Medical 
College / Bahawal Victoria Hospital, Bahawalpur, 
with letter number 377/DME/QAMC Bahawalpur, 
dated: 21-07-2020.

CONFLICT OF INTEREST
The authors have no conflict of interest.

AUTHORS CONTRIBUTIONS
AA: did data collection, drafting, and responsibility 
for the data’s integrity and AK: designed, 
conceived the idea, supervised, and proofread, 
SSA: conceived the idea, did data analysis, critical 
review, and final review SN: did manuscript editing, 

data analysis, data interpretation MI: did data 
collection, manuscript editing, literature review and 
approved for publication. S: did manuscript editing, 
proofreading, critical revisions 

REFERENCES
1. Fisher AT, Bessoff KE, Khan RI, Touponse GC, Yu 
MMK, Patil AA, et al. Evidence-based surgery for 
laparoscopic cholecystectomy. Surg Open Sci. 2022 
Aug 18;10:116-134. doi: 10.1016/j.sopen.2022.08.003
2. Yadava A, Rajput SK, Katiyar S, Jain RK. A 
comparison of intraperitoneal 
bupivacaine-tramadol with 
bupivacaine-magnesium sulfate for pain relief after 
laparoscopic cholecystectomy: A prospective, 
randomized study. Indian Journal of Anaesthesia. 
2016 Oct 1;60(10):757-62.
3. Li X, Li K. Time Characteristics of Shoulder Pain after 
Laparoscopic Surgery. JSLS. 2021 
Apr-Jun;25(2):e2021.00027. doi: 
10.4293/JSLS.2021.00027
4. Ishida Y, Okada T, Kobayashi T, Funatsu K, Uchino 
H. Pain Management of Acute and Chronic 
Postoperative Pain. Cureus. 2022 Apr 9;14(4):e23999. 
doi: 10.7759/cureus.23999
5. Nallani R, Fox CC, Sykes KJ, Surprise JK, Fox CE, 
Reschke AD, et al. Pain Management and 
Education for Ambulatory Surgery: A Qualitative 
Study of Perioperative Nurses. J Surg Res. 2021 
Apr;260:419-427. Doi: 10.1016/j.jss.2020.11.001
6. Paladini A, Rawal N, Coca MM, Trifa M, Montero 
A, Pergolizzi J Jr, et al. Advances in the 
Management of Acute Postsurgical Pain: A Review. 
Cureus. 2023 Aug 4;15(8):e42974. doi: 
10.7759/cureus.42974
7. Nikoubakht N, Faiz SHR, Mousavi SH, Shafeinia A, 
Borhani Zonoz L. Effect of bupivacaine 
intraperitoneal and intra-abdominal bicarbonate in 
reducing postoperative pain in laparoscopic 
cholecystectomy: a double-blind randomized 
clinical trial study. BMC Res Notes. 2022 Jun 
3;15(1):191. doi: 10.1186/s13104-022-06083-3
8. Paganelli MA, Popescu GK. Actions of 
bupivacaine, a widely used local anesthetic, on 
NMDA receptor responses. J Neurosci. 2015 Jan 
14;35(2):831-42. doi: 
10.1523/JNEUROSCI.3578-14.2015.
9. Mahmoud M, Mason KP. Dexmedetomidine: 
review, update, and future considerations of 
pediatric perioperative and periprocedural 
applications and limitations. Br J Anaesth. 2015 
Oct;115(2):171-182. doi:10.1093/bja/aev226
10. Rapolu S, Kumar KA, Aasim SA. A comparative 
study on intraperitoneal bupivacaine alone or with 
dexmedetomidine for postoperative analgesia 
following laparoscopic cholecystectomy. IAIM. 2016 
Dec 1;3(12):33-40.
11. Shukla C, Bairwa RK. Comparison of 
administration of intraperitoneal bupivacaine and 
intraperitoneal bupivacaine with dexmedetomidine 

in post laparoscopic cholecystectomy patients for 
postoperative pain relief. Indian J Clin Anaesth. 2018 
Oct;5(4):561-565. doi:10.18231/2394-4994.2018.0106
12. Shukla U, Prabhakar T, Malhotra K, Srivastava D, 
Malhotra K. Intraperitoneal bupivacaine alone or 
with dexmedetomidine or tramadol for 
postoperative analgesia following laparoscopic 
cholecystectomy: A comparative evaluation. 
Indian J Anaesth. 2015 Apr;59(4):234-9. doi: 
10.4103/0019-5049.155001. 
13. Oza VP, Parmar V, Badheka J, Nanavati DS, Taur 
P, Rajyaguru AM. Comparative study of 
postoperative analgesic effect of intraperitoneal 
instillation of dexmedetomidine with bupivacaine 
and bupivacaine alone after laparoscopic surgery. 
J Minim Access Surg. 2016 Jul-Sep;12(3):260-4. doi: 
10.4103/0972-9941.181370
14. Shankar S, Gupta BK, Singh MK, Pandey AR, 
Dwivedi V, Sachan S. Intraperitoneal bupivacaine 
alone or with dexmedetomidine for postoperative 
analgesia following laparoscopic cholecystectomy: 
A prospective randomized comparative study. 
Anaesth Pain Intensive Care. 2022 Jun;26(3):347-351. 
DOI: 10.35975/apic.v26i3.1909
15. Bhatia U, Khanbhaiwala FB, Prajapati N, Atodaria 
A, Sutariya V, Bamania H. A comparative evaluation 
of intraperitoneal bupivacaine alone and 
bupivacaine with dexmedetomidine for 
postoperative analgesia following laparoscopic 
cholecystectomy. J Minim Access Surg. 2024 Jul 1. 
doi: 10.4103/jmas.jmas_11_24.
16. Narasimham ML, Rao BD. Comparison of 
intraperitoneal bupivacaine alone or with 
dexmedetomidine or tramadol for postoperative 
analgesia following laparoscopic cholecystectomy. 
India J Clin Anaesth. 2017;4(1):143-146. doi: 
10.18231/2394-4994.2017.0030 
17. Gupta B, Verma V, Chaudhary UK, Sidhu R, 
Chandel A. Effect of intraperitoneal instillation of 
dexmedetomidine or fentanyl as adjuvants to 
bupivacaine on fast-tracking discharge criteria in 
patients undergoing ambulatory laparoscopic 
cholecystectomy: a randomized double-blind 
control trial. Ain-Shams J Anesthesiol. 2021 Oct 
11;13:60. doi:10.1186/s42077-021-00175-1
18. Rokhgireh S , Mehdizadehkashi A, Vahdat M , 
Najmi Z, Shoazi NT, Asaraii V, et al. The Impact of 
Intraperitoneal Dexmedetomidine with Bupivacaine 
on Patients’ Postoperative Pain in Endometriosis 
Laparoscopic Surgery; A Randomized, Clinical Trial. 
Shiraz E-Med J. 2019 Jun 3;20(7):e85296. doi: 
10.5812/semj.85296
19. Aditya Prakash, Hirday Kumar, Pankaj Kumar. 
Intraperitoneal bupivacaine alone or with 
dexmedetomidine or tramadol or fentanyl for 
post-operative analgesia following laparoscopic 
cholecystectomy: A comparative evaluation. Int. J. 
Heal. Clin. Res. [Internet]. 2021Sep.17 [cited 
2024Dec.17];4(16):43-7. Available from: 
https://ijhcr.com/index.php/ijhcr/article/view/2589

20. Shaker EH, Soliman MS, Hanafy A, Elsabeeny WY. 
Comparative Study Between Early versus Late 
Intraperitoneal Administration of Either 
Bupivacaine/Tramadol or 
Bupivacaine/Dexmedetomidine for Perioperative 
Analgesia in Abdominal Laparoscopic Cancer 
Surgeries: A Prospective Randomized Study. J Pain 
Res. 2022 Oct 18;15:3233-3243. doi: 
10.2147/JPR.S376681
21. Hyland SJ, Brockhaus KK, Vincent WR, Spence NZ, 
Lucki MM, Howkins MJ, et al. Perioperative Pain 
Management and Opioid Stewardship: A Practical 
Guide. Healthcare (Basel). 2021 Mar 16;9(3):333. doi: 
10.3390/healthcare9030333
22. Cheung CK, Adeola JO, Beutler SS, Urman RD. 
Postoperative Pain Management in Enhanced 
Recovery Pathways. J Pain Res. 2022 Jan 
13;15:123-135. doi: 10.2147/JPR.S231774

23. Garimella V, Cellini C. Postoperative pain 
control. Clin Colon Rectal Surg. 2013 Sep;26(3):191-6. 
doi: 10.1055/s-0033-1351138.
24. Amer AF, Mostafa TAH, Mansour RF. 
Intraperitoneal Versus Intravenous 
Dexmedetomidine for Postoperative Analgesia 
Following Laparoscopic Sleeve Gastrectomy 
Surgery: A prospective, Randomized Controlled trial. 
Egypt J Anaesth. 2023 Feb 7;39(1):120-127. doi: 
10.1080/11101849.2023.2173232
25. Rutherford D, Massie EM, Worsley C, Wilson MS. 
Intraperitoneal local anesthetic instillation versus no 
intraperitoneal local anesthetic instillation for 
laparoscopic cholecystectomy. Cochrane 
Database Syst Rev. 2021 Oct 25;10(10): CD007337. 
Doi: 10.1002/14651858.CD007337.pub4.
 

Impact of Smoking and Smokeless Tobacco on Salivary Flow Rate, pH Levels, and Salivary Electrolytes 


