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ABSTRACT

Background: Literature has suggested that there is evidence regarding the impact of nutritional 
status on the overall oral health of children and adolescents. The study objectives were to 
investigate oral health and nutritional status in children in terms of dietary intake, and to determine 
the anthropometric measures and correlate the oral health & nutritional status in urban and 
sub-urban children.

Methods: An analytical cross-sectional study was conducted from September 2022 to March 2023. 
Total 267 children from Urban and sub-urban regions age 12-18 years were included using the 
convenience sampling technique. Urban data was collected from Dow University's dental OPD and 
private schools in Karachi, while suburban data was gathered from Long Khoso village near 
Hyderabad. Non-clinical data as well as clinical data which included oral examinations like dental 
caries status, oral hygiene status, periodontal condition, fluorosis malocclusion, and anthropometric 
measurements were gathered. SPSS v.21 was used to analyze data. Chi-square and correlation 
were applied between oral health status and anthropometric measurements. P-value ≤0.05 was 
considered statistically significant.

Results: Area of residence was found to be significantly associated with habits, milk intake, oral 
hygiene practices, dental caries, and oral hygiene index (p-value < 0.001). A significant relationship 
was found between the area of residence and height (p-value 0.001). It was seen that 
anthropometric scores were low in suburban children.

Conclusion: This study highlights a positive oral health status among all, with a high prevalence of 
healthy periodontal tissue and low caries severity reported in Urban as compared to suburban 
children. 
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INTRODUCTION
The oral cavity, a complex ecosystem integral to 
overall well-being, reflects an individual's general 
health and nutritional status. Children, particularly in 
their developmental years, are vulnerable to oral 
health issues that can considerably influence their 
quality of life. While considerable progress has been 
made in improving global oral health, disparities 
persist between different populations, often 
influenced by socioeconomic factors and living 
environments1.

Literature has suggested that there are evidence 
regarding the impact of nutritional status on the 
overall oral health of children and adolescents. 
According to the UNICEF, one of the most important 
direct predictors of children's nutritional health is 
inadequate food intake2.  Globalization and urbani-
sation have resulted in a transition to a more 
nutritious diet in low and intermediate-income coun-
tries2,3. Geomapping studies have shown that the 
spatial distribution of public oral health facilities is 
often skewed, leaving slum areas underserved and 
impaired growth in children. Changes in growth all 
over world have been measured by anthropometry 
taken as an important indicator of child’s growth 
and development. It involves measurements and 
proportions of human body. Anthropometric mea-
surements like measurement of height and weight 
are prime indicators of acute and chronic malnutri-
tion and can be used as a proxy for a child’s 
nutritional and growth status whereas, dental caries 
status, fluorosis status, periodontal health, and oral 
hygiene are the indicators of individual oral health4,5. 
The environment in which children grow has an 
impact on their health6,7,8,9. Unfortunately, insufficient 
attention has been given to the oral health of those 
residing in urban and sub-urban areas in developing 
countries10,11.

Untreated caries can negatively impact child devel-
opment through two main pathways. First, pain and 
inflammation hinder proper eating, leading to 
undernutrition12. Second, caries disrupts hormonal 
and metabolic processes, further contributing to 
growth and developmental issues13.

A recent study discovered that children facing 
nutritional transitions may experience increased 
ECC, mouth discomfort, and malnutrition7. Another 
study identified a strong negative link between ECC 
and children1,14.  The findings of another study 
indicated that the children had a mean DMFT score 
of 4.57, with a range of sufficient, mild, moderate, 
and severe15.

In the light of above evidence, the study objectives 
were to investigate the oral health of children 
specifically examining the prevalence and severity 
of dental caries and periodontal disease, to investi-

gate nutritional status in children in terms of dietary 
intake and anthropometric measures, and to 
correlate the oral health & nutritional status in urban 
and suburban children with low to middle socioeco-
nomic background.

METHODS
 Ethical approval was obtained from the Institutional 
Review Board of the Dow University of Health 
Sciences IRB-2590/DUHS/Approval/2022/933. An 
analytical cross-sectional study was conducted 
from September 2022 - March 2023 with a six-month 
data collection period. The sample size was calcu-
lated by OpenEpi sample size calculator. A 
minimum sample of 222 has been calculated on the 
basis of 89.7% underweight school children with high 
dental caries, at 95% confidence interval, 5% margin 
of error5. The sample was increased to 267. Conve-
nience sampling was used for the recruitment of 
participants. The study setting was differentiated on 
Urban population data which was gathered from 
dental OPD of Dow University of Health Sciences 
Karachi, as well as private primary schools located in 
district Malir of Karachi. For the Suburban population 
data was gathered from Long Khoso village (Locat-
ed in the periphery of Hyderabad). Both populations 
belonged to a low to middle socio-economic back-
ground. A self-administered structured question-
naire was administered which was validated using 
Cronbach alpha (α = 0.80). The inclusion criteria for 
the study were all children between 12-18 years of 
age, permanent dentition of both genders was 
assessed and Consent from parents was taken. 
Children not willing to participate or absent on the 
day of examination were excluded from the study.
Data collection proceeded after choosing volun-
teers for the research and gaining informed 
consent. Both study participants and schools were 
selected using a convenience sampling technique. 
Oral examinations as well as anthropometric mea-
surements were performed by the principal investi-
gator. All examinations were performed using WHO 
criteria for dental examination 2013 5. All data 
collected was kept confidential and ownership of 
data will remain with DUHS. Data was collected as 
non-clinical data which was gathered in the form of 
a self-administered structured questionnaire, based 
on sociodemographic details of participants, 
frequency of milk intake, and oral hygiene habits 
and other clinical data which includes oral exam-
inations to assess oral health and anthropometric 
measurements to assess nutritional status. Oral 
Health is the state of the mouth, teeth, and orofacial 
structures that enable individuals to perform essen-
tial functions such as eating, breathing, and speak-
ing, and encompasses psychosocial dimensions 
such as self-confidence, well-being, and the ability 
to socialize and work without pain, discomfort 
whereas nutritional status can be measured by 
anthropometric measures5. An anthropometric 

examination is based on the measurement of height 
and weight these are indicators of malnutrition. 
Height was measured in cm by measuring tape 
whereas weight was measured in kilograms using 
the portable electronic weighing machine. Clinical 
examinations like dental caries status of permanent 
tooth, oral hygiene status, periodontal condition, 
fluorosis, and malocclusion were performed. Dental 
caries was measured using the CAST scoring system, 
periodontal status was measured using the CPITN 
index, fluorosis was measured with Dean’s fluorosis 
index, and oral hygiene index was measured using 
the Oral hygiene index.

Study variables included two types of variables 
independent variables followed by dental caries 
score, fluorosis score, and periodontal score, and 
dependent variables followed by overall height, 
overall weight, and overall BMI. SPSS v.21 was used 
for data analysis. The calculation of mean and 
Standard deviation was for continuous variables. 

The calculation of Percentages and Frequencies 
was for categorical variables. The chi-square test 
was applied to investigate associations between 
categorical variables. Independent sample t-test 
was applied to find mean differences in height and 
weight of urban and sub-urban population. Correla-
tion was applied between clinical and anthropo-
metric measurements.

RESULTS
 In this study, 267 participants were recruited. Table 1 
gives the distribution of participants according to 
area of residence. Overall, there were 113 (92.6%) 
males with a smaller proportion of females 9 (7.3%) in 
Urban area, while 45 (31%) males and 100 (69%) 
females in Suburban areas. Participants’ age 
ranged from 2 to 18 years. Area of residence was 
found to be significantly associated with gender 
(p-value <0.001) and socioeconomic status (p-value 
<0.001). 
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gives the distribution of participants according to 
area of residence. Overall, there were 113 (92.6%) 
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Sociodemographic 
Variables 

Area of residence 
p-valueUrban 

(n=122) 
Suburban 
(n=145) 

Age (years) 10.1±1.2 11.1±1 0.06* 
Gender 
Male 
Female 

113(92.6%) 
9(7.3%) 

45(31%) 
100(69%) 

<0.001** 

Socioeconomic 
Status 
Lower 
Middle 

70(57.3%) 
52(42.6%) 

81(55.8) 
64(40%) 

<0.001** 

Table 1: Descriptive Statistics for the Sociodemographic Variables according to area of 
residence: 

**X2= Chi-Square test (p -value 0.05 for statistical significance)
*Independent sample t-test was applied

Table 2 presents the health profile of the participants according to urban and sub-urban region. 
There was a statistically significant difference found for intra-oral lesions between urban and 
suburban areas (p-value = 0.001) 
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Table 2: Health Profile of Participants: Medical Conditions, Oral Health Status, and Disability 
according to area 

Health Profile of 
Participants: 

Area of residence p-value
Urban 

(n=122) 
Suburban 
(n=145) 

Medical conditions 
Yes 
No 

2(1.63%) 
120(98.3%) 

0 
145(100%) 

0.294 

Intra Oral Lesions 
Yes 
No 

23(18.9%) 
99(81.1%) 

1(0.7%) 
144(99.3%) 

0.001 

Any disability 
Yes 
No 

0 (0%) 
122(100%) 

1 (0.7%) 
144(99.3%) 

0.543 

X2= Chi -Square test (p -value 0.05 for statistical significance)

Overall a small percentage 18(6.7%) of participants exhibited parafunctional habits. The majority 
of participants consumed milk, with powder/packet milk without sugar being the most prevalent 
103(38.6%), followed by powder/packet milk with sugar 72(27.0%). Over half of the participants 
140(52.4%) reported brushing with toothpaste, while a notable proportion 36(13.5%) brushed 
without toothpaste (Table 3) shows the Distribution of habits according to the area. Area of 
residence was found to be significantly associated with consumption of pan, chalia, gutka, milk 
intake, and oral hygiene practices (p <0.001). Approximately 18(12.4%) of the suburban 
population consumed pan, chalia gutka, and more intake of powdered milk with sugar was 
reported in urban population 71(49%). It was also found that 113(92.6%) urban population had 
better oral hygiene practices. 

DOI: https://doi.org/10.36283/PJMD13-4/005



PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2024, VOL. 13 (04) 33

Table 3: Distribution of Habits Among Participants according to area 

X2= Chi -Square test (p -value 0.05 for statistical significance)

Table 4 presents a comprehensive overview of the oral health status of the participants, 
encompassing tooth condition, oral hygiene, periodontal health, fluorosis, and malocclusion. The 
majority of participants 166(62.2%) exhibited sound tooth structure. However, a notable proportion 
showed signs of dental caries, ranging from distinct visual changes in enamel 40(15.0%) to 
involvement of the pulp chamber 34(12.7%). Assessment of oral hygiene revealed that 118(44.2%) 
of participants demonstrated good oral hygiene. The vast majority of participants 258(96.6%) 
presented with healthy periodontal tissues. A significant association was found between the area 
of residence, dental caries status (p= 0.001), oral hygiene status (p= 0.001), and malocclusion (p= 
0.002). Participants from urban areas showed more sound teeth 112(77.2%), and good oral 
hygiene 70(48.3%) whereas malocclusion was observed more in suburban participants 13(9%). 
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Milk Intake 
Cattle milk with sugar 
Cattle milk without 
sugar  
Powder/packet milk 
with sugar  
Powder/packet milk 
without sugar  
No 

6(4.9%) 

8(6.6%) 

71(49%) 

103(84.4%) 

4(8.3%) 

29(20%) 

2(1.4%) 

1(0.8%) 

0(0%) 

43(29.7%) 

<0.001 

Oral Hygiene 
Practices 
Toothbrush with 
paste  
Toothbrush without 
paste  
Tooth powder 
Miswak 
Nothing 

113(92.6%) 

6(4.9%) 

3(2.4%) 
0(0%) 

0(0%) 

3(2.1%) 

12(8.3%) 

103(71%) 
0(0%) 

0(0%) 

<0.001 

Habits 
Area of residence p-value

Urban 
(n=122) 

Suburban 
(n=145) 

Pan, chalia, Gutka 
Yes  
No  0(0%) 

122(100) 
18(12.4) 
127(87.6%) 

<0.001 



34 PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2024, VOL. 13 (04)

Table 4: Comparison of Oral health status between urban and suburban area

Area of residence (Parameters of Oral 
Health status) 

p-value
Urban 

(n=122) 
Suburban 
(n=145) 

Total 
(n=267) 

Dental Caries Status 
Sound 
Sealed 
Restored with no 
caries 
Distinct visual change 
in enamel 
Internal caries-related 
discoloration in 
dentine 
Distinct cavitation in 
dentine but no pulp 
involvement 
Involvement of pulp 
chamber 
Tooth removed due 
to caries 

112(77.2%) 

0 

2(1.6%) 

29 (23.8%) 

2 (1.6%) 

5(4.1%) 

29(23.8%) 

1(0.8%) 

54(44.3%) 

2(1.4%) 

4(2.8%) 

11(7.8%) 

5(3.4%) 

5(3.4%) 

5(3.4%) 

1(0.7%) 

166 (62.2) 

2 (0.7) 

6 (2.2) 

40 (15) 

7 (2.6) 

10 (3.7) 

34 (12.7) 

2 (0.8) 

0.001 

Oral Hygiene Index 
Good 
Fair 
Poor 70(48.3) 

33 (27%) 

41 (33.6) 

48(39.3%) 

59(40.7%) 

16(11%) 

118 (44.2) 

92 (34.5) 

57 (21.3) 

0.001 
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Periodontal Condition 
Healthy periodontal 
tissue 
Bleeding after gentle 
probing Supra or Sub 
gingival 
Calculus or defective 
margin of filing or 
crown 
4mm or 5mm pocket 

115(94.3%) 

6(4.9%) 

1 (0.8) 

0(0%) 

143(98.6%) 

1(0.7%) 

1(0.7%) 

0(0%) 

258 (96.6) 

7 (2.6) 

1 (0.4) 

1 (0.4) 

0.083 

Loss Of Attachment 
LA 0-3 (CEJ not visible 
and CPI score 0-3) 
LA 6-8 mm 

122(100%) 

0 

144(99.3) 

0 

266 (99.6) 

1 (0.4) 

0.543 

Fluorosis 
Normal 
Questionable 
Very Mild 
Mild 

Moderate 

98(80.3%) 
14 (11.5%) 

8(6.6%) 

0 

2(1.6%) 

115(79.3%) 
6(4.1%) 

9(6.2%) 

11(7.6%) 

4(2.8%) 

213 (79.8%) 
6 (2.2%) 

23 (8.6%) 

19 (7.1%) 

6 (0.02%) 

0.105 

Malocclusion 
Present 
Absent 1(0.8%) 

121(99.2%) 

13(9%) 
132(91%) 

0.002 

X2= Chi-Square test (p-value 0.05 for statistical significance) 
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Table 5 summarizes the Comparison of nutritional status between urban and suburban areas. 
Area of residence was found to be significantly associated with height only (p-value =0.001). The 
score for mean height and weight was higher in urban children as compared to suburban 
children. Table 6 and 7 give a correlation between oral health status and nutritional status in Urban 
and suburban children respectively. Weaker correlations were found between oral health and 
nutritional parameters for both urban and suburban populations for the majority of variables. 
Whereas a moderate correlation was found between dental caries and weight in suburban 
children (r= -0.503). However, dental caries and nutritional status were inversely related in the case 
of both urban and suburban populations. A significant association was found between dental 
caries, height, and weight for suburban children (p-value = 0.009) and (p-value =0.003) 
respectively. Similarly, oral hygiene status and nutritional status were found significantly 
associated (p-value 0.001 and 0.002) respectively. Also, fluorosis and nutritional status were found 
to be significantly associated (p-value 0.001) in suburban children. 

Table 5: Comparison of Nutritional Status Between Urban and Suburban Areas 

(Parameters of 
Nutritional status) 

Area of residence p-value
Urban 

(n=122) 
Suburban 
(n=145) 

Overall 
(n=267) 

Height (cm) 
(mean ± SD) 

146.37±24.7 136.92±22.22 141.22±23.809 0.001 

Weight (kg) 
(mean ± SD) 

39.81±13.0 35.02±14.9 37.19±14.231 0.325 

Independent sample t-test was applied 

Table 6: Correlation between Oral health status & Nutritional status in Urban areas(n=122) 

(Parameters of oral 
health) 

Parameters of Nutritional Status 
Height Weight 

r p-value r p-value

Dental caries - 0.200 0.329 - 0.125 0.134 

Oral hygiene -0.107 0.198 -0.049 0.561 

Periodontal status 0.110 0.189 -0.073 0.384 

Fluorosis -0.297 0.01 -0.289 0.01 

Malocclusion 0.097 0.246 0.106 0.206 

r: Spearman's correlation coefficient 
p-value 0.05 for statistical significance
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DISCUSSION
In the contemporary era, despite significant 
advancements in synthetic drugs, their association 
with serious adverse effects has become apparent. 
The absence of adverse effects in plant products 
and homeopathic drugs underscores their distinc-
tive position. Consequently, a systematic explora-

tion is warranted to ascertain the efficacy of 
plant-derived products as agents for anti-inflamma-
tory, anti-nociceptive, and antipyretic purposes. The 
findings of the present study reveal that the n-hex-
ane fraction of Indigofera gerardiana (IG) exhibits 
both anti-inflammatory and anti-nociceptive activi-
ties, yet does not demonstrate antipyretic effects. 

From the results, it can also be postulated that the 
n-hexane fraction of IG has peripheral effects of PG 
synthesis but lacks central effects.

The carrageenan-induced paw edema model is a 
well-established experimental design utilized for 
assessing the anti-inflammatory properties of plant 
extracts20, 21 .This edema, which is characterized by a 
biphasic event, involves a non-phagocytic edema-
tous phase in the first hour to 1.5 hours, influenced by 
chemical mediators like serotonin, histamine, and 
bradykinin affecting vascular permeability. Subse-
quently, second phase unfolds from the second 
hour to fifth hour, marked by increased edema 
formation attributed to the overproduction of 
prostaglandins.22, 23

Pre-treatment with the n-hexane fraction significant-
ly reduced carrageenan-induced paw edema at 
100mg/kg (p values less than 0.05 and 0.01), 
15mg/kg (p values less than 0.05 and 0.001), and 
200mg/kg (p values less than 0.01 and 0.001) after 2 
and 3 hours, with the maximum anti-inflammatory 
effect observed at 200mg/kg at the 3rd hour (p < 
0.001). Acetylsalicylic acid (standard) at 100mg/kg 
exhibited moderate to highly significant alleviation 
of paw edema from 1 to 5 hours, with a peak effect 
of 74% reversal at the 3rd hour. However, the effect 
remained significant but similar during all estimated 
times. The study confirms that the n-hexane fraction 
at 150 and 200mg/kg is most effective, showing 
anti-inflammatory activity from the 2nd to the 5th

hour, particularly pronounced in the second phase 
after the 1st hour, potentially attributed to its flavo-
noid content24, 25.

The acetic acid-induced writhing model serves as a 
screening tool to assess the anti-nociceptive proper-
ties of plant extracts and new agents26, 27. This model 
explicates the peripheral anti-nociceptive activity of 
extracts. Intra-peritoneal acetic acid injection 
induces the release of prostaglandins (PGE2 and 
PGF2α) and cytokines, leading to local inflamma-
tion and elevated cyclooxygenase levels in perito-
neal fluid, causing visceral pain28, 29 .Compounds 
reducing writhing may inhibit prostaglandin synthe-
sis, contributing to peripheral anti-nociceptive activ-
ity. The percent analgesia exhibited dose-depen-
dency at 16.90% (100mg/kg), 20.76% (150mg/kg), 
and 26.13% (200mg/kg). The hot-plate test, com-
monly utilized for assessing centrally acting anti-no-
ciceptive agents, employed tramadol, an opioid 
agonist as an alternative to acetylsalicylic acid for 
inducing a thermal pain model. At 30 minutes, 
nociceptive response latencies for doses of 100, 200, 
and 300 mg/kg were 8.72 ± 0.15, 10.44 ± 0.62, and 
11.70 ± 0.51, respectively. After 1 hour, the decrease 
in pain sensation for the same doses was 8.65 ± 0.28, 
10.32 ± 0.42, and 11.00 ± 0.87. At 90 minutes, 
nociceptive responses were 8.60 ± 0.15, 10.22 ± 0.45, 

and 11.20 ± 0.53. Significant latency of nociceptive 
response at 2 hours, particularly at 300mg/kg (p 
value less than 0.001) was observed. Tramadol (stan-
dard) exhibited its analgesic effect within 30 min. 
The observed weak analgesic effect suggested the 
exclusion of centrally acting agents, implying that 
only peripherally acting components contribute to 
the anti-nociceptive action of the n-hexane fraction 
of IG.

Yeast-induced pyrexia serves as a standard screen-
ing test for evaluating the antipyretic activity of both 
plant materials and synthetic drugs30, 31. Subcutane-
ous injection of yeast causes fever through prosta-
glandin production32. Paracetamol reduces prosta-
glandin synthesis by inhibiting the cyclooxygenase 
enzyme, affecting mediators of pyrexia and contrib-
uting to its antipyretic effect33. However, the n-hex-
ane fraction of IG did not demonstrate significant 
antipyretic effects at doses of 100, 150, and 
200mg/kg, when compared to paracetamol. This 
suggests that while IG exhibits anti-inflammatory 
and anti-nociceptive activities, it lacks antipyretic 
properties, akin to the behavior of cyclooxygen-
ase-2 inhibitors.

The study limitations include testing only a limited 
range of doses for the n-hexane fraction, necessitat-
ing a broader range to understand the optimal 
therapeutic dose. Additionally, there was no 
detailed phytochemical profiling to identify the 
specific bioactive compounds responsible for the 
observed effects. The study also lacked mechanistic 
insights, requiring further research to elucidate the 
underlying pathways and molecular targets 
involved.

CONCLUSION
In conclusion, our findings affirm the n-hexane 
fraction of Indigofera gerardiana (IG) as a natural 
therapeutic option for alleviating pain and inflam-
mation. The study provided scientific validation for 
the traditional use of IG as a remedy for analgesic 
and anti-inflammatory purposes. Notably, our inves-
tigations revealed peripheral analgesic activity 
while central analgesic effects were not observed. 
Isolating pure compounds from the plant has the 
potential to unveil the mechanisms behind these 
activities. 
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Table 7: Correlation between Oral health status & Nutritional status in Suburban areas(n=145) 

(Parameters of oral 
health) 

Parameters of Nutritional status 
Height Weight 

r p-value r p-value

Dental caries -0.503 0.009 -0.271 0.003 

Oral hygiene -0.296 0.001 -0.278 0.002 

Periodontal status -0.125 0.170 -0.177 0.052 

Fluorosis -0.409 0.001 -0.366 0.001 

Malocclusion -0.039 0.669 -0.117 0.198 

r: Spearman's correlation coefficient 
p-value 0.05 for statistical significance

Figure 1: Prevalence of Oral Health Conditions

 Figure 1 shows that overall dental caries was found in 37.8% of the participants, followed by 
fluorosis (26.2%) and malocclusion (5.2%).   

Figure 2: Inverse Relationship between Dental Caries and Anthropometric Measures 
Dental caries is inversely related to anthropometric measures as shown in figure 2. 

Oral Health and Nutritional Status of Children Dwelling in Urban and Suburban Areas
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DISCUSSION
In the contemporary era, despite significant 
advancements in synthetic drugs, their association 
with serious adverse effects has become apparent. 
The absence of adverse effects in plant products 
and homeopathic drugs underscores their distinc-
tive position. Consequently, a systematic explora-

tion is warranted to ascertain the efficacy of 
plant-derived products as agents for anti-inflamma-
tory, anti-nociceptive, and antipyretic purposes. The 
findings of the present study reveal that the n-hex-
ane fraction of Indigofera gerardiana (IG) exhibits 
both anti-inflammatory and anti-nociceptive activi-
ties, yet does not demonstrate antipyretic effects. 

From the results, it can also be postulated that the 
n-hexane fraction of IG has peripheral effects of PG 
synthesis but lacks central effects.

The carrageenan-induced paw edema model is a 
well-established experimental design utilized for 
assessing the anti-inflammatory properties of plant 
extracts20, 21 .This edema, which is characterized by a 
biphasic event, involves a non-phagocytic edema-
tous phase in the first hour to 1.5 hours, influenced by 
chemical mediators like serotonin, histamine, and 
bradykinin affecting vascular permeability. Subse-
quently, second phase unfolds from the second 
hour to fifth hour, marked by increased edema 
formation attributed to the overproduction of 
prostaglandins.22, 23

Pre-treatment with the n-hexane fraction significant-
ly reduced carrageenan-induced paw edema at 
100mg/kg (p values less than 0.05 and 0.01), 
15mg/kg (p values less than 0.05 and 0.001), and 
200mg/kg (p values less than 0.01 and 0.001) after 2 
and 3 hours, with the maximum anti-inflammatory 
effect observed at 200mg/kg at the 3rd hour (p < 
0.001). Acetylsalicylic acid (standard) at 100mg/kg 
exhibited moderate to highly significant alleviation 
of paw edema from 1 to 5 hours, with a peak effect 
of 74% reversal at the 3rd hour. However, the effect 
remained significant but similar during all estimated 
times. The study confirms that the n-hexane fraction 
at 150 and 200mg/kg is most effective, showing 
anti-inflammatory activity from the 2nd to the 5th

hour, particularly pronounced in the second phase 
after the 1st hour, potentially attributed to its flavo-
noid content24, 25.

The acetic acid-induced writhing model serves as a 
screening tool to assess the anti-nociceptive proper-
ties of plant extracts and new agents26, 27. This model 
explicates the peripheral anti-nociceptive activity of 
extracts. Intra-peritoneal acetic acid injection 
induces the release of prostaglandins (PGE2 and 
PGF2α) and cytokines, leading to local inflamma-
tion and elevated cyclooxygenase levels in perito-
neal fluid, causing visceral pain28, 29 .Compounds 
reducing writhing may inhibit prostaglandin synthe-
sis, contributing to peripheral anti-nociceptive activ-
ity. The percent analgesia exhibited dose-depen-
dency at 16.90% (100mg/kg), 20.76% (150mg/kg), 
and 26.13% (200mg/kg). The hot-plate test, com-
monly utilized for assessing centrally acting anti-no-
ciceptive agents, employed tramadol, an opioid 
agonist as an alternative to acetylsalicylic acid for 
inducing a thermal pain model. At 30 minutes, 
nociceptive response latencies for doses of 100, 200, 
and 300 mg/kg were 8.72 ± 0.15, 10.44 ± 0.62, and 
11.70 ± 0.51, respectively. After 1 hour, the decrease 
in pain sensation for the same doses was 8.65 ± 0.28, 
10.32 ± 0.42, and 11.00 ± 0.87. At 90 minutes, 
nociceptive responses were 8.60 ± 0.15, 10.22 ± 0.45, 

and 11.20 ± 0.53. Significant latency of nociceptive 
response at 2 hours, particularly at 300mg/kg (p 
value less than 0.001) was observed. Tramadol (stan-
dard) exhibited its analgesic effect within 30 min. 
The observed weak analgesic effect suggested the 
exclusion of centrally acting agents, implying that 
only peripherally acting components contribute to 
the anti-nociceptive action of the n-hexane fraction 
of IG.

Yeast-induced pyrexia serves as a standard screen-
ing test for evaluating the antipyretic activity of both 
plant materials and synthetic drugs30, 31. Subcutane-
ous injection of yeast causes fever through prosta-
glandin production32. Paracetamol reduces prosta-
glandin synthesis by inhibiting the cyclooxygenase 
enzyme, affecting mediators of pyrexia and contrib-
uting to its antipyretic effect33. However, the n-hex-
ane fraction of IG did not demonstrate significant 
antipyretic effects at doses of 100, 150, and 
200mg/kg, when compared to paracetamol. This 
suggests that while IG exhibits anti-inflammatory 
and anti-nociceptive activities, it lacks antipyretic 
properties, akin to the behavior of cyclooxygen-
ase-2 inhibitors.

The study limitations include testing only a limited 
range of doses for the n-hexane fraction, necessitat-
ing a broader range to understand the optimal 
therapeutic dose. Additionally, there was no 
detailed phytochemical profiling to identify the 
specific bioactive compounds responsible for the 
observed effects. The study also lacked mechanistic 
insights, requiring further research to elucidate the 
underlying pathways and molecular targets 
involved.

CONCLUSION
In conclusion, our findings affirm the n-hexane 
fraction of Indigofera gerardiana (IG) as a natural 
therapeutic option for alleviating pain and inflam-
mation. The study provided scientific validation for 
the traditional use of IG as a remedy for analgesic 
and anti-inflammatory purposes. Notably, our inves-
tigations revealed peripheral analgesic activity 
while central analgesic effects were not observed. 
Isolating pure compounds from the plant has the 
potential to unveil the mechanisms behind these 
activities. 
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DISCUSSION
This study investigated the oral and nutritional health 
status of 267 children. Notably, the prevalence of 
parafunctional habits within our study population 
was 18(6.7%), contrasting with a significantly higher 
prevalence of 147(46%) reported among preschool 
children16. This discrepancy underscores the 
potential influence of factors such as age, cultural 
practices, and geographical location on the 
prevalence of parafunctional habits.

A significant portion of participants 103(38.6%) 
reported consuming powder/packet milk without 
sugar, while 72(27%) consumed it with sugar. These 
findings are noteworthy given the American Heart 
Association's recommendation of less than 25g of 
added sugar daily for children aged 2–1817,18. Oral 
hygiene practices varied considerably within the 
study population. These findings highlight a critical 
area for intervention, as inadequate oral hygiene is 
a major risk factor for dental caries and other oral 
diseases19,20.

Examination of intraoral health status revealed a 
24(9%) prevalence of intraoral lesions within our 
study population. This finding contrasts with a lower 
prevalence of 11(1.8%) as reported in a study 21. 
Geographical variations in oral hygiene practices, 
dietary habits, and access to dental care likely 
contribute to these observed differences in intraoral 
lesion prevalence22,23. Assessment of overall oral 
hygiene status revealed that 118(44.2%) of 
participants exhibited good oral hygiene, while 
92(34.5%) and 57(21.3%) demonstrated fair and 
poor oral hygiene, respectively. Comparatively, a 
study reported a higher prevalence of good oral 
hygiene 350(81.7%). This discrepancy underscores 
the importance of considering cultural and 
socioeconomic factors that influence oral hygiene. 
This study examined the prevalence of dental caries 
across various stages of carious lesion development 
revealing a substantial burden of oral conditions, 
including the prevalence of caries as 100(37.8%).  A 
statistically significant inverse relationship was found 
between dental caries and nutritional status in this 
study.  Comparatively, a study reported a higher 
overall caries prevalence of 250(65.3%) among 
children aged 5-15 years. This discrepancy highlights 
the influence of geographical and socioeconomic 
factors on caries prevalence22,24. The findings of this 
study, coupled with the alarming statistics from 
201925,26.

This study provides valuable insights into the oral 
health status of participants from dental schools, 
primary schools, and a village setting. The high 
prevalence of healthy periodontal tissue 258 (96.6%) 
is encouraging. Comparing these findings to global 
periodontal disease prevalence rates (20-50%)27. A 
Moroccan study emphasizes the varied nature of 

oral health influenced by factors like access to care 
and oral hygiene practices28. Fluorosis prevalence 
(ranging from questionable to moderate) 
underscores the need for balanced fluoride intake. 
While fluoride is crucial for dental health, excessive 
exposure can lead to fluorosis. This study's findings 
align with a reported 14.5% fluorosis prevalence, 
emphasizing the global relevance of this issue22. 
Malocclusion prevalence 14(5.2%) is relatively low 
compared to a Nigerian study reporting 15.2% in 
males and 11.6% in females. This variation could be 
attributed to genetic, environmental, and dietary 
factors29.

The study acknowledges its limited sample size, 
potentially impacting the generalizability of findings. 
However, it effectively highlights the 
interconnectedness of oral health, diet, and 
nutrition. Promoting good oral hygiene, consuming 
a nutritious diet, and ensuring access to fluoridated 
water are crucial steps towards improving overall 
oral health.

CONCLUSION
This study highlights a generally positive oral health 
status among all participants regardless of residing 
in urban or suburban locations, with a high 
prevalence of healthy periodontal tissue and low 
caries severity reported in Urban children and low 
anthropometric outcomes in Suburban children. 
However, the presence of periodontal issues, 
fluorosis, and malocclusion, even at low 
percentages, underscores the need for continued 
oral health promotion, emphasizing good oral 
hygiene, balanced fluoride intake, and nutritious 
diets.
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DISCUSSION
In the contemporary era, despite significant 
advancements in synthetic drugs, their association 
with serious adverse effects has become apparent. 
The absence of adverse effects in plant products 
and homeopathic drugs underscores their distinc-
tive position. Consequently, a systematic explora-

tion is warranted to ascertain the efficacy of 
plant-derived products as agents for anti-inflamma-
tory, anti-nociceptive, and antipyretic purposes. The 
findings of the present study reveal that the n-hex-
ane fraction of Indigofera gerardiana (IG) exhibits 
both anti-inflammatory and anti-nociceptive activi-
ties, yet does not demonstrate antipyretic effects. 

From the results, it can also be postulated that the 
n-hexane fraction of IG has peripheral effects of PG 
synthesis but lacks central effects.

The carrageenan-induced paw edema model is a 
well-established experimental design utilized for 
assessing the anti-inflammatory properties of plant 
extracts20, 21 .This edema, which is characterized by a 
biphasic event, involves a non-phagocytic edema-
tous phase in the first hour to 1.5 hours, influenced by 
chemical mediators like serotonin, histamine, and 
bradykinin affecting vascular permeability. Subse-
quently, second phase unfolds from the second 
hour to fifth hour, marked by increased edema 
formation attributed to the overproduction of 
prostaglandins.22, 23

Pre-treatment with the n-hexane fraction significant-
ly reduced carrageenan-induced paw edema at 
100mg/kg (p values less than 0.05 and 0.01), 
15mg/kg (p values less than 0.05 and 0.001), and 
200mg/kg (p values less than 0.01 and 0.001) after 2 
and 3 hours, with the maximum anti-inflammatory 
effect observed at 200mg/kg at the 3rd hour (p < 
0.001). Acetylsalicylic acid (standard) at 100mg/kg 
exhibited moderate to highly significant alleviation 
of paw edema from 1 to 5 hours, with a peak effect 
of 74% reversal at the 3rd hour. However, the effect 
remained significant but similar during all estimated 
times. The study confirms that the n-hexane fraction 
at 150 and 200mg/kg is most effective, showing 
anti-inflammatory activity from the 2nd to the 5th

hour, particularly pronounced in the second phase 
after the 1st hour, potentially attributed to its flavo-
noid content24, 25.

The acetic acid-induced writhing model serves as a 
screening tool to assess the anti-nociceptive proper-
ties of plant extracts and new agents26, 27. This model 
explicates the peripheral anti-nociceptive activity of 
extracts. Intra-peritoneal acetic acid injection 
induces the release of prostaglandins (PGE2 and 
PGF2α) and cytokines, leading to local inflamma-
tion and elevated cyclooxygenase levels in perito-
neal fluid, causing visceral pain28, 29 .Compounds 
reducing writhing may inhibit prostaglandin synthe-
sis, contributing to peripheral anti-nociceptive activ-
ity. The percent analgesia exhibited dose-depen-
dency at 16.90% (100mg/kg), 20.76% (150mg/kg), 
and 26.13% (200mg/kg). The hot-plate test, com-
monly utilized for assessing centrally acting anti-no-
ciceptive agents, employed tramadol, an opioid 
agonist as an alternative to acetylsalicylic acid for 
inducing a thermal pain model. At 30 minutes, 
nociceptive response latencies for doses of 100, 200, 
and 300 mg/kg were 8.72 ± 0.15, 10.44 ± 0.62, and 
11.70 ± 0.51, respectively. After 1 hour, the decrease 
in pain sensation for the same doses was 8.65 ± 0.28, 
10.32 ± 0.42, and 11.00 ± 0.87. At 90 minutes, 
nociceptive responses were 8.60 ± 0.15, 10.22 ± 0.45, 

and 11.20 ± 0.53. Significant latency of nociceptive 
response at 2 hours, particularly at 300mg/kg (p 
value less than 0.001) was observed. Tramadol (stan-
dard) exhibited its analgesic effect within 30 min. 
The observed weak analgesic effect suggested the 
exclusion of centrally acting agents, implying that 
only peripherally acting components contribute to 
the anti-nociceptive action of the n-hexane fraction 
of IG.

Yeast-induced pyrexia serves as a standard screen-
ing test for evaluating the antipyretic activity of both 
plant materials and synthetic drugs30, 31. Subcutane-
ous injection of yeast causes fever through prosta-
glandin production32. Paracetamol reduces prosta-
glandin synthesis by inhibiting the cyclooxygenase 
enzyme, affecting mediators of pyrexia and contrib-
uting to its antipyretic effect33. However, the n-hex-
ane fraction of IG did not demonstrate significant 
antipyretic effects at doses of 100, 150, and 
200mg/kg, when compared to paracetamol. This 
suggests that while IG exhibits anti-inflammatory 
and anti-nociceptive activities, it lacks antipyretic 
properties, akin to the behavior of cyclooxygen-
ase-2 inhibitors.

The study limitations include testing only a limited 
range of doses for the n-hexane fraction, necessitat-
ing a broader range to understand the optimal 
therapeutic dose. Additionally, there was no 
detailed phytochemical profiling to identify the 
specific bioactive compounds responsible for the 
observed effects. The study also lacked mechanistic 
insights, requiring further research to elucidate the 
underlying pathways and molecular targets 
involved.

CONCLUSION
In conclusion, our findings affirm the n-hexane 
fraction of Indigofera gerardiana (IG) as a natural 
therapeutic option for alleviating pain and inflam-
mation. The study provided scientific validation for 
the traditional use of IG as a remedy for analgesic 
and anti-inflammatory purposes. Notably, our inves-
tigations revealed peripheral analgesic activity 
while central analgesic effects were not observed. 
Isolating pure compounds from the plant has the 
potential to unveil the mechanisms behind these 
activities. 
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DISCUSSION
This study investigated the oral and nutritional health 
status of 267 children. Notably, the prevalence of 
parafunctional habits within our study population 
was 18(6.7%), contrasting with a significantly higher 
prevalence of 147(46%) reported among preschool 
children16. This discrepancy underscores the 
potential influence of factors such as age, cultural 
practices, and geographical location on the 
prevalence of parafunctional habits.

A significant portion of participants 103(38.6%) 
reported consuming powder/packet milk without 
sugar, while 72(27%) consumed it with sugar. These 
findings are noteworthy given the American Heart 
Association's recommendation of less than 25g of 
added sugar daily for children aged 2–1817,18. Oral 
hygiene practices varied considerably within the 
study population. These findings highlight a critical 
area for intervention, as inadequate oral hygiene is 
a major risk factor for dental caries and other oral 
diseases19,20.

Examination of intraoral health status revealed a 
24(9%) prevalence of intraoral lesions within our 
study population. This finding contrasts with a lower 
prevalence of 11(1.8%) as reported in a study 21. 
Geographical variations in oral hygiene practices, 
dietary habits, and access to dental care likely 
contribute to these observed differences in intraoral 
lesion prevalence22,23. Assessment of overall oral 
hygiene status revealed that 118(44.2%) of 
participants exhibited good oral hygiene, while 
92(34.5%) and 57(21.3%) demonstrated fair and 
poor oral hygiene, respectively. Comparatively, a 
study reported a higher prevalence of good oral 
hygiene 350(81.7%). This discrepancy underscores 
the importance of considering cultural and 
socioeconomic factors that influence oral hygiene. 
This study examined the prevalence of dental caries 
across various stages of carious lesion development 
revealing a substantial burden of oral conditions, 
including the prevalence of caries as 100(37.8%).  A 
statistically significant inverse relationship was found 
between dental caries and nutritional status in this 
study. Comparatively, a study reported a higher 
overall caries prevalence of 250(65.3%) among 
children aged 5-15 years. This discrepancy highlights 
the influence of geographical and socioeconomic 
factors on caries prevalence22,24. The findings of this 
study, coupled with the alarming statistics from 
201925,26.

This study provides valuable insights into the oral 
health status of participants from dental schools, 
primary schools, and a village setting. The high 
prevalence of healthy periodontal tissue 258 (96.6%) 
is encouraging. Comparing these findings to global 
periodontal disease prevalence rates (20-50%)27. A 
Moroccan study emphasizes the varied nature of 

oral health influenced by factors like access to care 
and oral hygiene practices28. Fluorosis prevalence 
(ranging from questionable to moderate) 
underscores the need for balanced fluoride intake. 
While fluoride is crucial for dental health, excessive 
exposure can lead to fluorosis. This study's findings 
align with a reported 14.5% fluorosis prevalence, 
emphasizing the global relevance of this issue22. 
Malocclusion prevalence 14(5.2%) is relatively low 
compared to a Nigerian study reporting 15.2% in 
males and 11.6% in females. This variation could be 
attributed to genetic, environmental, and dietary 
factors29.

The study acknowledges its limited sample size, 
potentially impacting the generalizability of findings. 
However, it effectively highlights the 
interconnectedness of oral health, diet, and 
nutrition. Promoting good oral hygiene, consuming 
a nutritious diet, and ensuring access to fluoridated 
water are crucial steps towards improving overall 
oral health.

CONCLUSION
This study highlights a generally positive oral health 
status among all participants regardless of residing 
in urban or suburban locations, with a high 
prevalence of healthy periodontal tissue and low 
caries severity reported in Urban children and low 
anthropometric outcomes in Suburban children. 
However, the presence of periodontal issues, 
fluorosis, and malocclusion, even at low 
percentages, underscores the need for continued 
oral health promotion, emphasizing good oral 
hygiene, balanced fluoride intake, and nutritious 
diets.
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DISCUSSION
In the contemporary era, despite significant 
advancements in synthetic drugs, their association 
with serious adverse effects has become apparent. 
The absence of adverse effects in plant products 
and homeopathic drugs underscores their distinc-
tive position. Consequently, a systematic explora-

tion is warranted to ascertain the efficacy of 
plant-derived products as agents for anti-inflamma-
tory, anti-nociceptive, and antipyretic purposes. The 
findings of the present study reveal that the n-hex-
ane fraction of Indigofera gerardiana (IG) exhibits 
both anti-inflammatory and anti-nociceptive activi-
ties, yet does not demonstrate antipyretic effects. 

From the results, it can also be postulated that the 
n-hexane fraction of IG has peripheral effects of PG 
synthesis but lacks central effects.

The carrageenan-induced paw edema model is a 
well-established experimental design utilized for 
assessing the anti-inflammatory properties of plant 
extracts20, 21 .This edema, which is characterized by a 
biphasic event, involves a non-phagocytic edema-
tous phase in the first hour to 1.5 hours, influenced by 
chemical mediators like serotonin, histamine, and 
bradykinin affecting vascular permeability. Subse-
quently, second phase unfolds from the second 
hour to fifth hour, marked by increased edema 
formation attributed to the overproduction of 
prostaglandins.22, 23

Pre-treatment with the n-hexane fraction significant-
ly reduced carrageenan-induced paw edema at 
100mg/kg (p values less than 0.05 and 0.01), 
15mg/kg (p values less than 0.05 and 0.001), and 
200mg/kg (p values less than 0.01 and 0.001) after 2 
and 3 hours, with the maximum anti-inflammatory 
effect observed at 200mg/kg at the 3rd hour (p < 
0.001). Acetylsalicylic acid (standard) at 100mg/kg 
exhibited moderate to highly significant alleviation 
of paw edema from 1 to 5 hours, with a peak effect 
of 74% reversal at the 3rd hour. However, the effect 
remained significant but similar during all estimated 
times. The study confirms that the n-hexane fraction 
at 150 and 200mg/kg is most effective, showing 
anti-inflammatory activity from the 2nd to the 5th

hour, particularly pronounced in the second phase 
after the 1st hour, potentially attributed to its flavo-
noid content24, 25.

The acetic acid-induced writhing model serves as a 
screening tool to assess the anti-nociceptive proper-
ties of plant extracts and new agents26, 27. This model 
explicates the peripheral anti-nociceptive activity of 
extracts. Intra-peritoneal acetic acid injection 
induces the release of prostaglandins (PGE2 and 
PGF2α) and cytokines, leading to local inflamma-
tion and elevated cyclooxygenase levels in perito-
neal fluid, causing visceral pain28, 29 .Compounds 
reducing writhing may inhibit prostaglandin synthe-
sis, contributing to peripheral anti-nociceptive activ-
ity. The percent analgesia exhibited dose-depen-
dency at 16.90% (100mg/kg), 20.76% (150mg/kg), 
and 26.13% (200mg/kg). The hot-plate test, com-
monly utilized for assessing centrally acting anti-no-
ciceptive agents, employed tramadol, an opioid 
agonist as an alternative to acetylsalicylic acid for 
inducing a thermal pain model. At 30 minutes, 
nociceptive response latencies for doses of 100, 200, 
and 300 mg/kg were 8.72 ± 0.15, 10.44 ± 0.62, and 
11.70 ± 0.51, respectively. After 1 hour, the decrease 
in pain sensation for the same doses was 8.65 ± 0.28, 
10.32 ± 0.42, and 11.00 ± 0.87. At 90 minutes, 
nociceptive responses were 8.60 ± 0.15, 10.22 ± 0.45, 

and 11.20 ± 0.53. Significant latency of nociceptive 
response at 2 hours, particularly at 300mg/kg (p 
value less than 0.001) was observed. Tramadol (stan-
dard) exhibited its analgesic effect within 30 min. 
The observed weak analgesic effect suggested the 
exclusion of centrally acting agents, implying that 
only peripherally acting components contribute to 
the anti-nociceptive action of the n-hexane fraction 
of IG.

Yeast-induced pyrexia serves as a standard screen-
ing test for evaluating the antipyretic activity of both 
plant materials and synthetic drugs30, 31. Subcutane-
ous injection of yeast causes fever through prosta-
glandin production32. Paracetamol reduces prosta-
glandin synthesis by inhibiting the cyclooxygenase 
enzyme, affecting mediators of pyrexia and contrib-
uting to its antipyretic effect33. However, the n-hex-
ane fraction of IG did not demonstrate significant 
antipyretic effects at doses of 100, 150, and 
200mg/kg, when compared to paracetamol. This 
suggests that while IG exhibits anti-inflammatory 
and anti-nociceptive activities, it lacks antipyretic 
properties, akin to the behavior of cyclooxygen-
ase-2 inhibitors.

The study limitations include testing only a limited 
range of doses for the n-hexane fraction, necessitat-
ing a broader range to understand the optimal 
therapeutic dose. Additionally, there was no 
detailed phytochemical profiling to identify the 
specific bioactive compounds responsible for the 
observed effects. The study also lacked mechanistic 
insights, requiring further research to elucidate the 
underlying pathways and molecular targets 
involved.

CONCLUSION
In conclusion, our findings affirm the n-hexane 
fraction of Indigofera gerardiana (IG) as a natural 
therapeutic option for alleviating pain and inflam-
mation. The study provided scientific validation for 
the traditional use of IG as a remedy for analgesic 
and anti-inflammatory purposes. Notably, our inves-
tigations revealed peripheral analgesic activity 
while central analgesic effects were not observed. 
Isolating pure compounds from the plant has the 
potential to unveil the mechanisms behind these 
activities. 
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DISCUSSION
This study investigated the oral and nutritional health 
status of 267 children. Notably, the prevalence of 
parafunctional habits within our study population 
was 18(6.7%), contrasting with a significantly higher 
prevalence of 147(46%) reported among preschool 
children16. This discrepancy underscores the 
potential influence of factors such as age, cultural 
practices, and geographical location on the 
prevalence of parafunctional habits.

A significant portion of participants 103(38.6%) 
reported consuming powder/packet milk without 
sugar, while 72(27%) consumed it with sugar. These 
findings are noteworthy given the American Heart 
Association's recommendation of less than 25g of 
added sugar daily for children aged 2–1817,18. Oral 
hygiene practices varied considerably within the 
study population. These findings highlight a critical 
area for intervention, as inadequate oral hygiene is 
a major risk factor for dental caries and other oral 
diseases19,20.

Examination of intraoral health status revealed a 
24(9%) prevalence of intraoral lesions within our 
study population. This finding contrasts with a lower 
prevalence of 11(1.8%) as reported in a study 21. 
Geographical variations in oral hygiene practices, 
dietary habits, and access to dental care likely 
contribute to these observed differences in intraoral 
lesion prevalence22,23. Assessment of overall oral 
hygiene status revealed that 118(44.2%) of 
participants exhibited good oral hygiene, while 
92(34.5%) and 57(21.3%) demonstrated fair and 
poor oral hygiene, respectively. Comparatively, a 
study reported a higher prevalence of good oral 
hygiene 350(81.7%). This discrepancy underscores 
the importance of considering cultural and 
socioeconomic factors that influence oral hygiene. 
This study examined the prevalence of dental caries 
across various stages of carious lesion development 
revealing a substantial burden of oral conditions, 
including the prevalence of caries as 100(37.8%).  A 
statistically significant inverse relationship was found 
between dental caries and nutritional status in this 
study. Comparatively, a study reported a higher 
overall caries prevalence of 250(65.3%) among 
children aged 5-15 years. This discrepancy highlights 
the influence of geographical and socioeconomic 
factors on caries prevalence22,24. The findings of this 
study, coupled with the alarming statistics from 
201925,26.

This study provides valuable insights into the oral 
health status of participants from dental schools, 
primary schools, and a village setting. The high 
prevalence of healthy periodontal tissue 258 (96.6%) 
is encouraging. Comparing these findings to global 
periodontal disease prevalence rates (20-50%)27. A 
Moroccan study emphasizes the varied nature of 

oral health influenced by factors like access to care 
and oral hygiene practices28. Fluorosis prevalence 
(ranging from questionable to moderate) 
underscores the need for balanced fluoride intake. 
While fluoride is crucial for dental health, excessive 
exposure can lead to fluorosis. This study's findings 
align with a reported 14.5% fluorosis prevalence, 
emphasizing the global relevance of this issue22. 
Malocclusion prevalence 14(5.2%) is relatively low 
compared to a Nigerian study reporting 15.2% in 
males and 11.6% in females. This variation could be 
attributed to genetic, environmental, and dietary 
factors29.

The study acknowledges its limited sample size, 
potentially impacting the generalizability of findings. 
However, it effectively highlights the 
interconnectedness of oral health, diet, and 
nutrition. Promoting good oral hygiene, consuming 
a nutritious diet, and ensuring access to fluoridated 
water are crucial steps towards improving overall 
oral health.

CONCLUSION
This study highlights a generally positive oral health 
status among all participants regardless of residing 
in urban or suburban locations, with a high 
prevalence of healthy periodontal tissue and low 
caries severity reported in Urban children and low 
anthropometric outcomes in Suburban children. 
However, the presence of periodontal issues, 
fluorosis, and malocclusion, even at low 
percentages, underscores the need for continued 
oral health promotion, emphasizing good oral 
hygiene, balanced fluoride intake, and nutritious 
diets.
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DISCUSSION
In the contemporary era, despite significant 
advancements in synthetic drugs, their association 
with serious adverse effects has become apparent. 
The absence of adverse effects in plant products 
and homeopathic drugs underscores their distinc-
tive position. Consequently, a systematic explora-

tion is warranted to ascertain the efficacy of 
plant-derived products as agents for anti-inflamma-
tory, anti-nociceptive, and antipyretic purposes. The 
findings of the present study reveal that the n-hex-
ane fraction of Indigofera gerardiana (IG) exhibits 
both anti-inflammatory and anti-nociceptive activi-
ties, yet does not demonstrate antipyretic effects. 

From the results, it can also be postulated that the 
n-hexane fraction of IG has peripheral effects of PG 
synthesis but lacks central effects.

The carrageenan-induced paw edema model is a 
well-established experimental design utilized for 
assessing the anti-inflammatory properties of plant 
extracts20, 21 .This edema, which is characterized by a 
biphasic event, involves a non-phagocytic edema-
tous phase in the first hour to 1.5 hours, influenced by 
chemical mediators like serotonin, histamine, and 
bradykinin affecting vascular permeability. Subse-
quently, second phase unfolds from the second 
hour to fifth hour, marked by increased edema 
formation attributed to the overproduction of 
prostaglandins.22, 23

Pre-treatment with the n-hexane fraction significant-
ly reduced carrageenan-induced paw edema at 
100mg/kg (p values less than 0.05 and 0.01), 
15mg/kg (p values less than 0.05 and 0.001), and 
200mg/kg (p values less than 0.01 and 0.001) after 2 
and 3 hours, with the maximum anti-inflammatory 
effect observed at 200mg/kg at the 3rd hour (p < 
0.001). Acetylsalicylic acid (standard) at 100mg/kg 
exhibited moderate to highly significant alleviation 
of paw edema from 1 to 5 hours, with a peak effect 
of 74% reversal at the 3rd hour. However, the effect 
remained significant but similar during all estimated 
times. The study confirms that the n-hexane fraction 
at 150 and 200mg/kg is most effective, showing 
anti-inflammatory activity from the 2nd to the 5th

hour, particularly pronounced in the second phase 
after the 1st hour, potentially attributed to its flavo-
noid content24, 25.

The acetic acid-induced writhing model serves as a 
screening tool to assess the anti-nociceptive proper-
ties of plant extracts and new agents26, 27. This model 
explicates the peripheral anti-nociceptive activity of 
extracts. Intra-peritoneal acetic acid injection 
induces the release of prostaglandins (PGE2 and 
PGF2α) and cytokines, leading to local inflamma-
tion and elevated cyclooxygenase levels in perito-
neal fluid, causing visceral pain28, 29 .Compounds 
reducing writhing may inhibit prostaglandin synthe-
sis, contributing to peripheral anti-nociceptive activ-
ity. The percent analgesia exhibited dose-depen-
dency at 16.90% (100mg/kg), 20.76% (150mg/kg), 
and 26.13% (200mg/kg). The hot-plate test, com-
monly utilized for assessing centrally acting anti-no-
ciceptive agents, employed tramadol, an opioid 
agonist as an alternative to acetylsalicylic acid for 
inducing a thermal pain model. At 30 minutes, 
nociceptive response latencies for doses of 100, 200, 
and 300 mg/kg were 8.72 ± 0.15, 10.44 ± 0.62, and 
11.70 ± 0.51, respectively. After 1 hour, the decrease 
in pain sensation for the same doses was 8.65 ± 0.28, 
10.32 ± 0.42, and 11.00 ± 0.87. At 90 minutes, 
nociceptive responses were 8.60 ± 0.15, 10.22 ± 0.45, 

and 11.20 ± 0.53. Significant latency of nociceptive 
response at 2 hours, particularly at 300mg/kg (p 
value less than 0.001) was observed. Tramadol (stan-
dard) exhibited its analgesic effect within 30 min. 
The observed weak analgesic effect suggested the 
exclusion of centrally acting agents, implying that 
only peripherally acting components contribute to 
the anti-nociceptive action of the n-hexane fraction 
of IG.

Yeast-induced pyrexia serves as a standard screen-
ing test for evaluating the antipyretic activity of both 
plant materials and synthetic drugs30, 31. Subcutane-
ous injection of yeast causes fever through prosta-
glandin production32. Paracetamol reduces prosta-
glandin synthesis by inhibiting the cyclooxygenase 
enzyme, affecting mediators of pyrexia and contrib-
uting to its antipyretic effect33. However, the n-hex-
ane fraction of IG did not demonstrate significant 
antipyretic effects at doses of 100, 150, and 
200mg/kg, when compared to paracetamol. This 
suggests that while IG exhibits anti-inflammatory 
and anti-nociceptive activities, it lacks antipyretic 
properties, akin to the behavior of cyclooxygen-
ase-2 inhibitors.

The study limitations include testing only a limited 
range of doses for the n-hexane fraction, necessitat-
ing a broader range to understand the optimal 
therapeutic dose. Additionally, there was no 
detailed phytochemical profiling to identify the 
specific bioactive compounds responsible for the 
observed effects. The study also lacked mechanistic 
insights, requiring further research to elucidate the 
underlying pathways and molecular targets 
involved.

CONCLUSION
In conclusion, our findings affirm the n-hexane 
fraction of Indigofera gerardiana (IG) as a natural 
therapeutic option for alleviating pain and inflam-
mation. The study provided scientific validation for 
the traditional use of IG as a remedy for analgesic 
and anti-inflammatory purposes. Notably, our inves-
tigations revealed peripheral analgesic activity 
while central analgesic effects were not observed. 
Isolating pure compounds from the plant has the 
potential to unveil the mechanisms behind these 
activities. 

ACKNOWLEDGEMENTS
The authors would like to acknowledge laboratory 
staff of Khyber Medical University for their technical 
support and hands-on training.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

ETHICAL APPROVAL

The experimental work was carried out in accor-
dance with the regulations established by the Board 
of Advanced Studies and Ethics (KMU-AS&RB-EB) of 
Khyber Medical University and the Helsinki Declara-
tion of the World Medical Association updated in 
2013.

AUTHORS CONTRIBUTIONS
MSF designed the study and analyzed the curated 
data. SB and SAT collected the data. TB conceived 
the study and drafted initial manuscript. US and WI 
helped in data interpretation, statistical analysis, 
and bibliography. All authors approved the final 
version to be published.

REFERENCES
1. Ahad B, Shahri W, Rasool H, Reshi Z, Rasool S, 
Hussain T. Medicinal plants and herbal drugs: An 
overview. Med Aromat Plants. 2021;1(3):1-40. 
doi.org/10.1007/978-3-030-58975-2_1
2. Khan MSA, Ahmad I. Herbal medicine: current 
trends and future prospects.  New Look to Phyto-
medicine. 2019;1(1):3-13. 
doi.org/10.1016/B978-0-12-814619-4.00001-X
3. Alamgeer, Younis W, Asif H, Sharif A, Riaz H, Bukhari 
IA, et al. Traditional medicinal plants used for respira-
tory disorders in Pakistan: a review of the ethno-me-
dicinal and pharmacological evidence. Chin Med. 
2018;13(48):1-29. doi.org/10.1186/s13020-018-0204-y
4. Jianhui L, Jie Z, Shiying Y, Zheru W, Chuchu L. 
Research Progress of Evolution and Classification 
Systems in the Family of Leguminosae. Legume 
Genomics Genet. 2023;14(3):1-12. doi.org/10.5376/l-
gg.2023.14.0003
5. Javed F, Jabeen Q, Aslam N, Awan AM. Pharma-
cological evaluation of analgesic, anti-inflammato-
ry and antipyretic activities of ethanolic extract of 
Indigofera argentea Burm. f. J Ethnopharmacol. 
2020;259:112966. doi.org/10.1016/j.jep.2020.112966
6. Taj RU, Ghias U, Wajiha L, Muhammad CI. Antibac-
terial, antifungal, insecticidal and phytotoxic activi-
ties of Indigofera gerardiana roots. Afr J Pharmacy 
Pharmacol. 2015;9(37):943-948.
7. Kolar FR, Kambhar SV, Chavan M, Kadam S, 
Nadaf P. Disparities of phytochemical constituents 
and antioxidant activities of some Indigofera 
species. Isr J Plant Sci. 2021;68(1-2):151-60. 
doi.org/10.1163/22238980-bja10025
8. Nisar M, Tariq SA, Marwat IK, Shah MR, Khan IA. 
Antibacterial, antifungal, insecticidal, cytotoxicity 
and phytotoxicity studies on Indigofera gerardiana. 
J Enzyme Inhib Med Chem. 2009;24(1):224-9. 
doi.org/10.1080/14756360802051313
9. Islam SR, Alam MK, Alassod A, Ahmed T, Yousif AH, 
Rashid MM, et al. Natural dyes and pigments as a 
source of medicine.  Renewable Dyes Pigm. 
2 0 2 4 ; 1 : 1 7 7 - 2 3 2 .
doi.org/10.1016/B978-0-443-15213-9.00009-0

10. Kumar RS, Rajkapoor B, Perumal P, Kumar SV, 

Geetha AS. Beneficial effects of methanolic extract 
of Indigofera linnaei Ali. on the inflammatory and 
nociceptive responses in rodent models. Braz. J 
Pharm Sci. 2016;52(1):113-23. 
doi.org/10.1590/S1984-82502016000100013
11. Tariq SA, Ahmad MN, Obaidullah, Khan A, 
Choudhary MI, Ahmad W, et al. Urease inhibitors 
from Indigofera gerardiana Wall. J. Enzyme Inhib 
Med Chem. 2011;26(4):480-4. 
doi.org/10.3109/14756366.2010.528415
12. Ntungwe N E, Domínguez-Martín EM, Roberto A, 
Tavares J, Isca V, Pereira P, et al. Artemia species: An 
important tool to screen general toxicity samples. 
Curr Pharm Des. 2020;26(24):2892-908. 
doi.org/10.2174/1381612826666200406083035
13. Kumar K, Sharma YP, Manhas R, Bhatia H. Ethno-
medicinal plants of Shankaracharya Hill, Srinagar, 
J&K, India. J Ethnopharmacol. 2015;170(7):255-274. 
doi.org/10.1016/j.jep.2015.05.021
14. Rahman TU, Zeb MA, Liaqat W, Sajid M, Hussain S, 
Choudhary MI. Phytochemistry and pharmacology 
of genus indigofera: A review. Rec Nat Prod. 
2018;12(1):1-13. doi.org/10.25135/rnp.13.16.12.585
15. Karunakar S, Sujatha E, Vanitha N, Sowmyya T. 
In-vivo anti-inflammatory activity of ethanolic 
extract of indigofera species. NeuroQuantology. 
2022;20(10):9995-10001. doi.org/10.14704/n-
q.2022.20.10.NQ55973
16. Gerometta E, Grondin I, Smadja J, Frederich M, 
Gauvin-Bialecki A. A review of traditional uses, 
phytochemistry and pharmacology of the genus 
Indigofera. J Ethnopharmacol. 2020;253(5):112608. 
doi.org/10.1016/j.jep.2020.112608
17. Jan S, Khan MR. Antipyretic, analgesic and 
anti-inflammatory effects of Kickxia ramosissima. J 
Ethnopharmacol. 2016;182(4):90-100. 
doi.org/10.1016/j.jep.2016.02.020
18. Faisal R, Anwar A, Khokhar A, Sattar A, Jamil A, 

Jamal A. Anti-inflammatory activity of crude extract 
of Aesculus Indica in comparison with aspirin on 
carrageenan induced paw edema in rats. Pak 
Armed Forces Med J. 2022;72(3):822-25. 
doi.org/10.51253/pafmj.v72i3.6634
19. Council NR, Earth Do, Studies L, Research 
IfLA, Care CftUotGft, Animals UoL. Guide for the 
care and use of laboratory animals. 2010.
20. Mobashar A, Shabbir A, Shahzad M, Gobe G. 
Preclinical Rodent Models of Arthritis and Acute 
Inflammation Indicate Immunomodulatory and 
Anti‐Inflammatory Properties of Juglans regia 
Extracts. Evidence‐Based Complementary and 
Alternative Medicine. 2022;2022(1):1695701. 
doi.org/10.1155/2022/1695701
21. Karbab A, Mokhnache K, Ouhida S, Charef N, 
Djabi F, Arrar L, et al. Anti-inflammatory, analgesic 
activity, and toxicity of Pituranthos scoparius stem 
extract: An ethnopharmacological study in rat and 
mouse models. J Ethnopharmacol. 
2020;258(8):112936. doi.org/10.1016/j.-
jep.2020.112936

22. Baldo BA, Pham NH. Classification and descrip-
tions of allergic reactions to drugs. Drug allergy: 
clinical aspects, diagnosis, mechanisms, struc-
ture-activity relationships. Drug Allergy. 2021:17-57. 
doi.org/10.1007/978-3-030-51740-3_2
23. Baldo BA, Pham NH. Clinical aspects, diagnosis, 
mechanisms, structure-activity relationships. Drug 
Allergy. 2020. doi.org/10.1007/978-3-030-51740-3
24. Al-Khayri JM, Sahana GR, Nagella P, Joseph BV, 
Alessa FM, Al-Mssallem MQ. Flavonoids as potential 
anti-inflammatory molecules: A review. Molecules. 
2022;27(9):2901. doi.org/10.3390/mole-
cules27092901
25. Rakha A, Umar N, Rabail R, Butt MS, Kieliszek M, 
Hassoun A, et al. Anti-inflammatory and anti-allergic 
potential of dietary flavonoids: A review. Biomed 
Pharmacother. 2022;156(12):113945. 
doi.org/10.1016/j.biopha.2022.113945
26. Oqal M, Qnais E, Alqudah A, Gammoh O. Anal-
gesic effect of the flavonoid herbacetin in nocicep-
tion animal models. Eur Rev Med Pharmacol Sci. 
2023;27(23):11236-11248. doi.org/10.26355/eur-
rev_202312_34563
27. Adnan M, Chy MNU, Kamal AM, Barlow JW, 
Faruque MO, Yang X, et al. Evaluation of anti-noci-
ceptive and anti-inflammatory activities of the 
methanol extract of Holigarna caustica (Dennst.) 
Oken leaves. J Ethnopharmacol. 
2019;236(5):401-411. doi.org/10.1016/j.-
jep.2019.01.025
28. Rosa J-AO, Godwin ND, Agborubere I-EB. Anal-
gesic and anti-pyretic activities of the root bark of 
Rutidea Parviflora (Rubiaceae). Journal of 

Advanced Pharmaceutical Science and Technolo-
gy. 2021;2(4):26-39. 
doi.org/10.14302/issn.2328-0182.japst-21-3778
29. Saleem AK. Pre-clinical screening of crude etha-
nolic extracts of Garcinia mangostana L. Pericarp 
for its anti-inflammatory, analgesic & anti-pyretic 
properties in swiss albino mice. Rajiv Gandhi Universi-
ty of Health Sciences (India); 2018.
30. Sirohi B, Sagar R. Antipyretic activity of hydroal-
coholic extract of Dactylorhiza hatagirea roots & 
Lavandula stoechas flowers on brewer’s yeast 
induced pyrexia in wistar rats. J Drug Deliv Ther. 
2019;9(4A):701-704. doi.org/10.22270/jd-
dt.v9i4-A.3553
31. Zayed A, Salem MA, Negm WA, Ezzat SM. Valida-
tion of anti-pyretic-derived natural products and 
their potentials for drug discovery. Rev Bras Farma-
cogn. 2023;33(4):696-712. 
doi.org/10.1007/s43450-023-00403-9
32. Ye H-B, Zuo J-H, Ma C, Lin H, Xu Y, Sun J-M, et al. 
Study on the antipyretic effect of gypsum and its 
compatibility on yeast-induced pyrexia rats based 
on NF-κB signaling pathway. Mater Express. 
2020;10(5):748-55. doi.org/10.1166/mex.2020.1691

33. Esh CJ, Chrismas BC, Mauger AR, Taylor L. Phar-
macological hypotheses: Is acetaminophen selec-
tive in its cyclooxygenase inhibition? Pharmacol Res 
Perspect. 2021;9(4):e00835. 
doi.org/10.1002/prp2.835


