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 Nigella sativa (NS), as a traditional medical plant, is widely used in 

Middle Eastern countries and Indonesia. Nigella sativa extract exhibits a 

wide range of characteristics that are beneficial to human health, 

including anti-inflammatory, antidiabetic, antihypertensive, antifungal, 

antiviral, antimicrobial, and antioxidant properties. Thymoquinone (TQ) 

is the major active compound of NS extract, which has potent 

antioxidant and anti-inflammatory effects in both in vitro and in vivo 

model studies. Considering the results of existing studies, the researchers 

were interested in conducting a study on the effect of administration of 

Nigella Sativa Extract (ENS) on the growth of Streptococcus 

pneumoniae colonies in Wistar rats’ model of bacterial conjunctivitis. 

This study is an analytical study with a true experimental design with a 

pretest-posttest control group design approach, using a wistar rat model 

of bacterial conjunctivitis as the object of research. The population of 

this study were all male Wistar rats aged 4 to 9 weeks. This research was 

conducted in the laboratory of the Faculty of Pharmacy and Medicine, 

University of North Sumatra and took place for approximately 3 months, 

from May 2022 to July 2022. The study sample was 25 male rats divided 

into 5 groups. One way ANOVA test showed that there was a significant 

difference in the number of Streptococcus pneumoniae colonies based on 

the treatment groups (p<0.001). The Posthoc further test showed a 

significant difference in the number of Streptococcus pneumoniae 

between the groups of rats given 20% Habbatus Sauda (p=0.034) and 

ofloxacin (p=0.026). Nigella sativa extract demonstrated antibacterial 

activity against Streptococcus pneumonia. This suggests that Nigella 

sativa carries great potential as an effective antimicrobial agent for 

medicinal purposes, especially in bacterial conjunctivitis. 
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1. Introduction 

Conjunctivitis is an inflammatory process of the conjunctiva which may be caused by infectious and non-

infectious etiologies, featuring clinical manifestations of vascular dilatation, cellular infiltration, and 

exudation [1]. The most common cause of conjunctivitis is viral infection (80% of all cases of acute 

conjunctivitis) [2]. This is followed by bacterial infection with an estimated incidence of 135 cases in 

10,000 population [3]. 

 

Bacterial conjunctivitis is characterized by bacterial overgrowth and infiltration of the epithelial layer of the 

conjunctiva and on reaching the substantia propia [2]. The most frequent pathogen in adults is Haemophilus 

influenzae; whereas in children, the most common pathogens are Streptococcus pneumoniae, Haemophilus 

influenzae and Moraxella catarrhalis [3]. The majority of acute bacterial conjunctivitis are self-limited and 

resolve after 2 to 7 days without treatment. While antibiotics are not always necessary for self-limiting 

bacterial conjunctivitis, their use has demonstrated resolution of symptoms compared to placebo [4]. 

 

Nigella sativa (NS) is a traditional medicinal plant commonly used in the Middle East, Asia, Europe, India, 

Pakistan, Saudi Arabia, Turkey, and Indonesia. NS is included in the Ranunculaceae plant family and has 

been widely studied for its use in various diseases. NS extract exhibits many beneficial characteristics for 

human health, including anti-inflammatory, antidiabetic, antihypertensive, antifungal, antiviral, 

antimicrobial, and antioxidant properties [5]. The NS is abundant in phenolic compounds used as 

antioxidant agents and essential fatty acids such as sterols and tocol. Thymoquinone (TQ) is the main active 

compound of NS extract, and it displays potent antioxidant and anti-inflammatory effects in both in vitro 

and in vivo model studies [6]. 

 

Studies on NS have been extensively conducted and shown the antioxidant activity of NS by reducing the 

production of ROS and malondialdehyde (MDA). TQ also acts as a free radical scavenger and enhances the 

production and activity of antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT), 

glutathione peroxidase (GPx), and glutathione S transferase (GSH-ST) [7]. 

 

Based on the researchers and the theoretical basis above, the researchers intend to conduct a study on the 

effect of Nigella Sativa Extract (ENS) administration on the growth of Streptococcus pneumoniae colonies 

in Wistar rats with bacterial conjunctivitis model. 

 

2. Materials and Methods 

This study is an analytical study with a true experimental design using a pretest-posttest control group 

design approach; which aims to determine the effect of Nigella sativa extract administration on 

Streptococcus pneumoniae colony growth in Wistar strain rats with bacterial conjunctivitis model. 

 

This research was undertaken in several places, listed below. 

1. Pharmaceutical Biology Laboratory, Faculty of Pharmacy, University of North Sumatra to identify 

plants and active ingredients and produce Nigella sativa extract. 

2. Clinical Pharmacology Laboratory of Department of Pharmacology and Therapeutics, Faculty of 

Medicine, University of North Sumatra for the treatment of the experimental animals. 

3. Microbiology Laboratory of the Faculty of Medicine, University of North Sumatra for the 

calculation of the number of colonies of Streptococcus pneumoniae. 
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Figure 1. Study design 

 

Information: 

 S = Sample Group 

 R = Randomization 

 K (-) = Negative control group (water/aquabides + Streptococcus pneumoniae 1.5 x 108 CFU/ml) 

 K (+) = Positive control group (Ofloxacin 0.3% eye drops + Streptococcus pneumoniae 1.5 x 108 

CFU/ml) 

 P1 = Treatment group I (20% concentration of Nigella sativa extract + Streptococcus pneumoniae 1.5 x 

108 CFU/ml) 

 P2 = Treatment group II (25% concentration of Nigella sativa extract + Streptococcus pneumoniae 1.5 

x 108 CFU/ml) 

 P3 = Treatment group III (30% concentration of Nigella sativa extract + Streptococcus pneumoniae 1.5 

x 108 CFU/ml) 

 TK (-) = Negative control group observation 

 TK (+) = Positive control group observation 

 TP1 = Treatment group I observation  

 TP2 = Treatment group II observation 

 TP3 = Treatment group III observation 

 

In this study, there were 25 samples of male Wistar rats, with 5 rats in each group. By estimating the drop 

out criteria of 10% per group, then the total sample was 30 male Wistar rats, with 6 rats per treatment group 

that met the inclusion and exclusion criteria. The inclusion criteria were male wistar white rats, healthy and 

active rats characterized by active movements and based on morphological appearance (no wounds and 

body defects) and aged 4 weeks for the younger stage (juvenile) to 9 weeks for the preadult stage (preadult). 

Meanwhile, the exclusion criteria were rats with aggressive behavior that attacked other groups, rats with 

obvious eye abnormalities and visible ill rats during the adaptation process and during the research process. 

The drop out criteria in this study were rats that died during the study. 

 

The method used in extracting Nigella sativa is maceration. This method uses 70% ethanol solvent. A total 

of 1.5 kg of Nigela sativa were washed first, then dried for 2 days. After drying, the Nigela sativa was 

blended until it pulverized into powder. The powder was soaked for 3 days in a ratio of 1:5, namely 1 kg 

Nigela sativa with 5 liters of ethanol and was stirred daily. The resulting liquid was filtered with a funnel 

and covered with filter paper and then evaporated at 800 ℃ with a rotation speed of 35 rpm for 30 minutes 

and the results were taken in the form of Nigela sativa thick extract. Afterward, Nigela sativa extract with 

concentrations of 20%, 25%, and 30% were dissolved in distilled water and made into eye drops. 

 

The production of eye drops requires consideration of several factors such as pH adjustment with eye fluid, 

isotonic adjustment with tears and viscosity of the eye fluid. Thus, additional ingredients are needed to 
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produce Nigela sativa extract eye drops. Additional ingredients were adjusted to the composition of the 

positive control, which was Ofloxacin 0.3% eye drops. Nigela sativa extract eye drops were made by 

replacing Ofloxacin 0.3% with Nigela sativa extract concentrations of 20%, 25% and 30%. After the 

composition was adjusted, the sterilization process was carried out by boiling the solution at 98-100 ℃ for 

30 minutes. 

 

Table 1. Treatment of experimental animals 

Group Treatment 

Group K (-) 
The rats were treated with 4 drops (0.3 ml) of distilled water eye drops 

and Streptococcus pneumoniae 1,5 x 108 CFU/ml 

Group K (+) 
The rats were treated with antibiotic eye drops (Ofloxacin 0.3%) with 4 

drops (0.3 ml) and Streptococcus pneumoniae 1,5 x 108 CFU/ml 

Group P1 
The rats were treated with 4 drops of Nigela sativa 20% eye drops (0.3 

ml) and Streptococcus pneumoniae 1,5 x 108 CFU/ml 

Group P2 
The rats were treated with 4 drops (0.3 ml) of Nigela sativa 25% eye 

drops and Streptococcus pneumoniae 1,5 x 108 CFU/ml 

Group P3 
The rats were treated with 4 drops of Nigela sativa 30% eye drops (0.3 

ml) and Streptococcus pneumoniae 1,5 x 108 CFU/ml 

 

The procedure for quantifying bacteria used the pour plate method by taking swab samples from the swabs 

of mouse conjunctival secretions. Bacterial colony calculation was carried out using the colony counter 

method to obtain the Total Plate Count (TPC) of Streptococcus pneumoniae where the acceptable number 

of colonies is 30-300. 

 

The collected data (ratio scale) were statistically analyzed by One Way Anova test and Post Hoc test, if the 

conditions were fulfilled, such as normal data distribution, and resulted in unequal data variances. If the 

conditions were not fulfilled, the collected data were analyzed using the Kruskal-Wallis Test 

(nonparametric) to replace the One Way Anova test (parametric). Followed by the Mann Whitney test 

(nonparametric), replacing the Post Hoc test analysis.. 

 

3. Results 

 

3.1 Colony Count of Streptococcus pneumoniae in Wistar Rats Before Treatment 

Table 2 displays the number of Streptococcus pneumoniae colonies in Wistar Rats before treatment in each 

treatment group.. 

 

Table 2. Colony Count of Streptococcus pneumoniae in Wistar Rats Before Treatment 

Group  n Mean (SD) Median (Min – Max) p 

Placebo 6 1129,39 (411,71) 1044,5 (552-1911) 0,180 

HS 20 % 6 1153,33 (310,94) 1043 (773-1867)  

HS 25 % 6 1484,89 (697,96) 1526 (528-2787)  

HS 30 % 6 1011,06 (314,89) 967 (622-1555)  

Ofloxacin 6 1186,06 (346,81) 1091 (706-1869)  

*Kruskal Willis 

 

The largest number of Streptococcus pneumoniae colonies was observed in the group of rats treated with 

25% HS with a mean of 1484.89 CFU (SD = 697.96 CFU). The smallest number of colonies was observed 

in the group of rats treated with 30% HS with a mean of 1011.06 CFU (SD = 314.89 CFU). The Kruskal 
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Wallis test revealed no significant difference in the number of Streptococcus pneumoniae colonies by 

treatment group (p=0.180) before treatment. 

 

 
Figure 2. Boxplot Graph of Colony Count of Streptococcus pneumoniae in Wistar Rats before Treatment 

 

3.2 Colony Count of Streptococcus pneumoniae in Wistar Rats after Treatment 

Table 3 shows the number of Streptococcus pneumoniae colonies in Wistar Rats after treatment in each 

treatment group. 

 

Table 3. Colony Count of Streptococcus pneumoniae in Wistar Rats with Bacterial Conjunctivitis after 

Treatment 

Group  n Mean (SD) Median (Min – Mak) p 

Placebo 6 1022,28 (28,1) 1021 (972-1077) <0,001* 

HS 20 % 6 660,44 (53,1) 638 (588-761)  

HS 25 % 6 807,67 (57,05) 829,5 (701-886)  

HS 30 % 6 748,06 (29,87) 742 (711-798)  

Ofloxacin 6 665,28 (30,44) 662,5 (617-721)  

*Oneway Anova 

 

The highest number of Streptococcus pneumoniae colonies was seen in the group of rats given placebo with 

a mean of 1022.28 CFU (SD = 28.1 CFU). The lowest number of colonies was observed in the group of rats 

treated with 20% Habbatus Sauda with a mean of 660.44 CFU (SD = 53.1 CFU). The Oneway Anova test 

indicated a significant difference in the number of Streptococcus pneumoniae colonies by treatment group 

(p<0.001) after treatment. 

 



F. Aldy and Y. Pratama, 2022                                                                                Azerbaijan Medical Journal 

 

4350 
 

 
Figure 3. Boxplot Graph of the Number of Streptococcus pneumoniae Colonies in Wistar Rats After 

Treatment 

 

From further test results (Posthoc) presented in table 4.3, it indicated a significant difference in the number 

of Streptococcus pneumoniae colonies between the group of rats treated with placebo and all groups of rats 

treated with Habbatus Sauda and ofloxacin. There was no significant difference in the number of 

Streptococcus pneumoniae colonies between the group of rats given 20% Habbatus Sauda and the group of 

rats given ofloxacin (p = 0.000). However, there was a significant difference in the number of Streptococcus 

pneumoniae colonies between the groups of rats given 25% and 30% Habbatus Sauda and ofloxacin (p < 

0.001). 

 

Table 4. Analysis Results of Further Test (Posthoc) of the Colony Count of Streptococcus pneumoniae in 

Wistar Rats After Treatment 

Group n 
Posthoc* 

HS 20% HS 25% HS 30% Ofloxacin 

Placebo 6 <0,001 <0,001 <0,001 <0,001 

HS 20 % 6  <0,001 <0,001 1,000 

HS 25 % 6   0,006 <0,001 

HS 30 % 6    <0,001 

Ofloxacin 6     

*Tamhane 

 

3.3 Differences in Colony Counts of Streptococcus pneumoniae in Wistar Rats with bacterial 

Conjunctivitis Before and After Treatment 

Table 5 illustrates the difference in colony counts of Streptococcus pneumoniae in Wistar Rats before and 

after treatment in each group. The analysis showed that only among the placebo group of rats there was no 

significant difference in the number of colonies (p=0.282) between before and after treatment. Meanwhile, 

the group of rats treated with 20% Habbatus Sauda (p<0.001), 25% Habbatus Sauda (p=0.001), 30% 

Habbatus Sauda (p=0.002) and ofloxacin (p<0.001) revealed a significant difference in the number of 

colonies. 
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Table 5. Differences in Colony Counts of Streptococcus pneumoniae in Wistar Rats with bacterial 

Conjunctivitis Before and After Treatment 

Group n 
Before Treatment 

After  

Treatment p 

Mean (SD) Mean (SD) 

Placebo 6 1129,39 (411,71) 1022,28 (28,1) 0,282a 

HS 20 % 6 1153,33 (310,94) 660,44 (53,1) <0,001b 

HS 25 % 6 1484,89 (697,96) 807,67 (57,05) 0,001a 

HS 30 % 6 1011,06 (314,89) 748,06 (29,87) 0,002a 

Ofloxacin 6 1186,06 (346,81) 665,28 (30,44) <0,001a 
aT Dependent, b Wilcoxon 

 

3.4 The Changes (Delta) of Colony Counts of Streptococcus pneumoniae in Wistar Rats with bacterial 

Conjunctivitis Before and After Treatment 

Table 6 presents the changes in colony counts of Streptococcus pneumoniae in Wistar Rats before and after 

treatment in each group. 

 

Table 6. The Changes (Delta) of Colony Counts of Streptococcus pneumoniae in Wistar Rats with bacterial 

Conjunctivitis before and after Treatment 

Group  n Mean (SD) Median (Min – Max) p 

Placebo 6 107,11 (408,98) 13 (-475 – 853) 0,002* 

HS 20 % 6 492,89 (317,69) 388 (33 – 1247)  

HS 25 % 6 677,22 (683,79) 730 (-328 – 1930)  

HS 30 % 6 263 (310,17) 211 (-122 – 815)  

Ofloxacin 6 520,78 (353,62) 416,5 (-15 – 1194)  

* Oneway Anova  

 

The highest change (delta) in Streptococcus pneumoniae colony count was observed in the group of rats 

treated with 25% Habbatus Sauda with a mean of 677.22 CFU (SD = 683.79 CFU). The second highest 

change (delta) of colony count of Streptococcus pneumoniae was observed in the group of rats treated with 

ofloxacin with a mean of 520.78 CFU (SD = 353.62 CFU). The lowest change (delta) of colony count of 

Streptococcus pneumoniae was observed in the group of rats treated with placebo with a mean of 107.11 

CFU (SD = 408.98 CFU). By using the Kruskal Wallis test, it showed a significant difference in the change 

(delta) in the number of Streptococcus pneumoniae colonies based on the treatment group (p=0.002). 
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Figure 4. Boxplot Graph of Colony Count Changes (Delta) of Streptococcus pneumoniae in Wistar Rats 

 

Based on the further test results (Posthoc) shown in table 4.6, there was a significant difference in the 

number of Streptococcus pneumoniae colonies between the group of rats given placebo and the group of 

rats given 20% Habbatus Sauda (p = 0.034) and ofloxacin (p = 0.026). However, there was no significant 

difference in the change of Streptococcus pneumoniae colony count between the group of rats given 

placebo and the group of rats treated with 25% Habbatus Sauda (p=0.050) and 30% Habbatus Sauda 

(p=0.902). Changes in the number of Streptococcus pneumoniae colonies between the group of rats given 

20% Habbatus Sauda and the group of rats given Ofloxacin showed no significant difference (p = 0.000).  

 

Table 7. Results of Posthoc Analysis of Changes in the Colony Count of Streptococcus pneumoniae in 

Wistar Rats before and after Treatment 

Group n 
Posthoc 

HS 20% HS 25% HS 30% Ofloxacin 

Placebo 6 0,034 0,050 0,902 0,026 

HS 20 % 6  0,976 0,299 1,000 

HS 25 % 6   0,247 0,994 

HS 30 % 6    0,234 

Ofloxacin 6     

*Tamhane 

 

4. Discussion 

Black cumin (Nigella sativa) has been long used in several countries, especially in the Middle East and in 

several other Asian countries, including Indonesia [8]. Nigella sativa is a grassy plant of the Ranunculaceae' 

family which have been used in Southern Europe, Southwest Asia and North Africa and cultivated in many 

countries in the world [9]. Extensive studies have been conducted to identify the composition of black 

cumin, the components of Nigella sativa seeds include fixed oils, proteins, alkaloids, saponins and essential 

oils [10]. 

 

The fixed oils (32-40%) contain unsaturated fatty acids which include arachidonic, eicosadienoic, linoleic, 

linolenic, oleic, almitoleic, palmitic, stearic and myristic acids as well as beta-sitosterol, cycloucalenol, 

cycloartenol, sterol esters and sterol glucosides. The essential oil (0.4-0.45%) contains saturated oil fatty 
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acids which include nigellone being the only component of the carbonyl fraction of the oil, thymoquinone 

(TQ), thymohydroquinone (THQ), dithymoquinone, thymol, carvacrol, and -pinene, d-limonene, d-

citronellol, p-cymene. The essential oil from the seeds also contains p-cymene, carvacrol, t-anethole, 4-

terpineol and longifoline [10]. 

 

Other important vital phytoconstituents of Nigella sativa seeds include thymoquinone (30%-48%), p-

cymene (7%-15%), 4-terpineol (2%-7%), carvacrol (6%-12%), t-anethol (1%-4%), sesquiterpene 

longifolene (1%-8%) thymol, thymohydroquinone, dithymoquinone and -pene etc. The black cumin seeds 

contain other compounds such as protein (26.7%), fat (28.5%), carbohydrate (24.9%), crude fiber (8.4%) 

and total ash (4.8%), besides a good amount of various minerals. (P, Cu, Zn and Fe), vitamins, carotene 

which is converted into vitamin A by the liver. In addition, the buds and roots of the plant contain vanillic 

acid [9]. 

 

NS oil, as used for the treatment of various health problems in traditional alternative medicine, has been 

found effective against many bacterias. For example Hariharan et al, reported the antibacterial activity of 

NS against methicillin-resistant S. aureus (MRSA). In another study, Salman et al reported the NS being 

more effective against Gram-positive bacteria than Gram-negative bacteria. Specifically, they noted that NS 

oil was effective against Gram-positive bacteria Staphylococcus epidermidis, other coagulase negative 

staphylococci, and Streptococcus pyogenes [11]. 

 

The active compounds in black cumin are monoterpenes molecules extracted from black cumin oil residue 

containing thymoquinone (TQ) and thymohydroquinone (THQ). Thymoquinone (TQ) is an active substance 

in the crude extract of Nigella sativa oil (NSO) which exhibits antioxidant/anti-inflammatory properties, is 

considered a vital anti-cancer, anti-oxidant and anti-mutagenic agent. The antioxidant activity of TQ is 

found to work as a scavenger of molecular oxygen, superoxide and hydroxyl radicals [8], [9]. 

 

In this study, it was seen that the treatment with black cumin seed extract significantly affected the growth 

of Streptococcus pneumoniae colonies in all types of concentrations used. Taif et al., in their research on the 

antimicrobial effects of Nigella sativa, stated that Nigella sativa has high antibacterial activity especially for 

microorganisms such as Eschericia coli, Enterobacter and Klebsiella [9]. Another study also suggested that 

the aqueous extract of Nigella sativa seeds showed less antibacterial effect compared to the methanol 

extract. At a concentration of 20 mg/ml, the methanol seed extract was effective against Streptococcus 

piogenes, Streptococcus pneumoniae, Pseudomonas aeruginosa and Proteus vulgaris [10]. 

 

Thymoquinone and thymohydroquinone have antibacterial properties by causing inactivation of bacterial 

proteins. In other studies Nigella sativa was found to modulate inflammation, cellular adaptive immunity 

and humoral response. Nigella sativa seed extract can improve the innate immune function of macrophages 

which controls infectious diseases and regulates adaptive immunity [10]. 

 

5. Conclusion 

Nigella sativa seed extract showed antibacterial activity against Streptococcus pneumonia in wistar strain 

rats with bacterial conjunctivitis. This therefore suggests that Nigella sativa shows great potential as an 

effective antimicrobial agent for medicinal purposes especially in bacterial conjunctivitis. 
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