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Abstract
Nigella sativa has immunomodulatory activity, which can affect or modify goats' immune systems. Studies have shown that it may strengthen the body's defences against different infections and advance general health by improving both innate and adaptive immune responses. To evaluate this, an in-vitro Lymphocyte Proliferation Assay was performed. In the present investigation,the immunomodulatory effect of the ethanolic extract of Nigella sativa was analysed by the lymphocyte proliferation assay, performed with 6.25ug/ml,12.5ug/ml & 25ug/ml of extract. The present study found that only 6.25ug/ml of N. sativa showed lymphoproliferation, whereas none of the higher concentrations showed proliferation. The present study indicated that the lowest dilution,6.25ug/ml has immunomodulatory activity.
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Introduction:-
A larger number of medicinal plants and their purified constituents have been shown to have beneficial therapeutic potentials, such as seeds of Nigella sativa, a dicotyledon of the Ranunculaceae family, which have been employed for thousands of years as a spice and food preservative.The numerous medicinal properties,chemical composition, and pharmacological activity of Nigella sativa, commonly known as Kalaunji or Kalonji whereas in English-speaking countries it is known as the black seed, black coriander, black cumin and black caraway was selected as an immunomodulatory agent against PPR (Elnour & Abdelsalam, 2018). The therapeutic potential of the black cumin seeds is due to the pharmacologically active phytochemical thymoquinone. The oil and seed constituents, particularly thymoquinone (TQ), have shown potential medicinal properties in traditional medicine. A study found that the dietary supplementation of Nigella sativa has a role in immunomodulatory action and suppressing the pathogenicity of the PPR virus in experimentally infected goats,.
 In recent years, the importance of various immunomodulatory therapies has become well known, unlike conventional antibiotics used to kill particular bacteria, and such treatments exert their protective effects by acting on the host immune system. Hence, immunomodulatory drugs are more important due to their stimulatory or suppressive effect (Ghonime, 2011) many bioactive components present in Nigella sativa seeds are a-pinene, 4-terpineol, t-anethole, sesquiterpene longifolene, carvacrol, thymoquinone, p-cymene, thymol, thymohydroquinone, and dithymoquinone
.A lymphocyte proliferation assay (LPA) is a laboratory test used to evaluate the functional capability of lymphocytes by measuring their capacity to proliferate in response to an antigen, mitogen, or foreign molecule. These assays assess cell-mediated immunity, an essential component of the immune system's defence against infections, especially viruses. LPA is a key method for evaluating CD4+ cells' functional ability to react to different stimuli. 
Methodology:-
1) Before the procedures started, the laminar hood was cleaned with ethanol and UV prepared for 20 minutes. All the required media and chemicals were brought to room temperature. All the sterile glassware or plasticware was also kept ready to use. 
2) 06 mL of blood was collected in a sterile vial pretreated with EDTA or a a/Heparinized vial anti-coagulant from unvaccinated goats of age (0-4 months).
 3) Diluted blood with 3 ml of sterile PBS in a 15 ml tube was kept ready.
4)  Fill a pre-labelled tube with 3 ml of Histopaque and cover it with 9 ml of the diluted blood  sample in a 1:3 ratio.
5) The diluted blood was poured carefully onto the Histopaque solution to avoid mixing and maintain a clear demarcation. 
6) The tube was centrifuged at 1490 rpm for 40 minutes in a swing-out rotor (REMI India). 
7) The various bands of blood components in tubes were formed with plasma at the top followed by the buffy coat of lymphocytes, and the histopaque RBC of the bottom.
8) The buffy coat was collected carefully of lymphocytes (between the upper plasma and lower RBC using a sterile serological pipette) without agitating the tube. 
9) The required volume of RPMI 1640 Media to make the given volume up to 6 ml. 10) The lymphocytes collected in the tube were centrifuged at 1600 rpm for 15 min at room temperature.
11) The supernatant was discarded, and 1 mL of RPMI-1640 Growth Media (10% FBS) was added to the tube.
12) The pellets were resuspended in RPMI-GM by pipetting in a single-cell suspension. 
13) The 20 microliters of cell suspension in the microcentrifuge tube and 20 microliters of trypan blue dye were added, mixed by pipetting, and immediately loaded into the Neubauer's chamber, and the cells in the WBC counting chamber.
14) The viable cells were calculated and adjusted to 5 × 10^5 cells /ml by adding the 100 microliter cell suspension/well was added to a 96-well tissue culture plate.
The First set of triplicate wells received 100 ul RPMI-GM contains 2.5 ug of 1ml PHA.  A different set of triplicate cells received the Nigella sativa extract @ 100ml/well containing 50, 25, and 10 microgram/ml prepared in RPMI. The control cells, in triplicate, were added to the placebo (PBS/Water/ethanol) in RPMI.The plate was incubated at 37 °C in a humidified chamber at 5% CO2 for 72 hrs.After 72 hrs, 50 μL of supernatant medium was removed carefully, and 10 μL of MTT solution cat # MB186, Himedia, India (5mg/ml) was added to all wells.The plate was incubated for 4 hrs in a CO2 incubator.Then added 150 ul of DMSO cat#TC185, Himedia, India (150ul/ml) was added to all wells.The MTT formazan was extracted from the cells, and 100 ul of the supernatant was transferred to a new plate.The OD of wells was measured at a wavelength of 492 nm and a reference wavelength of 650 nm.The stimulation data OD was normalized by calculating OD= OD 492-OD 650 nm. 
The stimulation index was calculated as SI=OD stimulated/OD unstimulated.
Fig 1 :  Laboratory procedure
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Fig 2 : Effect of different concentrations (6.25, 12.5 & 25 µg/ml) of Nigella sativa seed extract on caprine lymphocyte proliferation activity. Results expressed as a relative index.  
Result and Discussion:-
Nigella sativa has immunomodulatory qualities, which can affect or modify the immune system. Studies have shown that it may strengthen the body's defences against different infections and advance general health by improving both innate and adaptive immune responses. It has been demonstrated that Nigella sativa oil and its active components increase the activity of T cells and natural killer (NK) cells, essential for cancer defence and cell-mediated immunity. 
Many researchers suggest that Nigella sativa may influence the balance between T helper 1 (Th1) and T helper 2 (Th2) cells, which have distinct functions in immunological responses. Modulating various cell subsets may encourage a more balanced immune response. Nigella sativa can reduce pro-inflammatory cytokines that lead to inflammation, such as TNF-α, IL-6, and IL-1β. It can also affect the synthesis of other immunological mediators that contribute to inflammation, such as leukotrienes and prostaglandins (Alsalahi et al., 2024). 
Nigella sativa has demonstrated its potential in regulating immunological responses in autoimmune conditions by increasing CD4+ CD25+ T cells and decreasing CD8+ cells (Hikmah et al., 2022). One of Nigella sativa's principal active compounds, thymoquinone (TQ), has immunomodulatory properties. Its positive qualities are also attributed to other substances, including p-cymene, α-thujene, and terpenoids. According to some research, Nigella sativa may strengthen the immune response by promoting the proliferation of lymphocytes, the white blood cells involved in the immune response, potentially leading to a stronger immune response. 
 It has been demonstrated that Nigella sativa proliferates lymphocyte growth in vitro. Many researchers reported that its essential oil can lower the proportion of proliferating cells and the number of cell divisions in T lymphocytes. Nigella sativa oil can effectively allow lymphocyte development and proliferation, making the cells less likely to divide; however, it will cause them to proliferate. Given its capacity to regulate lymphocyte proliferation, Nigella sativa has immunomodulatory effects, which may affect the immune system's response. Effect of different concentrations (6.25, 12.5 & 25µg/ml) of Nigella sativa seed extract on caprine lymphocyte proliferation activity. Results expressed as a relative index.
In the present study, the immunomodulatory effect of N. sativa is seen in vitro by employing a lymphocyte proliferation assay. The ethanolic extract of N. sativa at 6.25, 12.5, and 25ug/ml was used. Concavalin A and Phytohemagglutinin were used as mitogens.
 Concavalin A did not show much stimulation in the present study compared to Phytohaemagglutinin's SI index of 1.02 and 6.02, respectively. The concentrations of Nigella sativa extract @ dose rate of 6.25 ug/ml have shown stimulation of PBMC as SI indices at 1.20; however, the higher concentration of N. sativa of 12.5 ug/ml did not show significant stimulation as SI indices lie at 0.99 and 1.04, respectively. 
In the present investigation, the immunomodulatory effect of the ethanolic extract of Nigella sativa was analyzed by the lymphocyte proliferation assay, performed with 6.25ug/ml,12.5ug/ml, and 25ug/ml of extract. The present study found that only 6.25ug/ml of N. sativa showed lymphoproliferation, whereas none of the higher concentrations showed proliferation. The ethanolic extract was used as crude, not the HPLC purified, similar observations were reported by Haq et al., (1995) where Nigella sativa at a lower concentration (0.5ug/ml) stimulates the lymphocyte at the highest level. In contrast, Nigella sativa at a higher dose stimulates the lymphocytes at a comparatively lower level. Qureshi et al., (2017) performed an assay and observed the lowest dose of 0.5 μL of Nigella sativa, significantly different from the other doses tested. Stimulation index remained the same for different tested doses, showing minimum variation. Stimulation index was lowest with the highest dose (10 µl) and highest with the 2 µl lower dose. The lowest stimulating effect was observed at the highest dose (10ul), shift to Various doses (10ul, 2ul, 1ul, and 0.5ul) of all tested dilutions of N. sativa stimulated lymphocyte proliferation with decreasing dose.  These results show findings similar to those of the present study. However, on splenocytes, another researcher, Majdalawieh et al., (2010), observed that aqueous extract of Nigella sativa at four doses (1, 10, 50, and 100 μg/ml) of Nigella sativa significantly increased splenocyte proliferation with maximal enhancement at 100 μg/ml. Swamy and Tan (2000) evaluated the immunomodulatory activity of Nigella sativa seeds extract in ethanol and demonstrated that the extract has no immunomodulatory activity. .Tutuncu (2020) studied that Black seed and its active ingredient, thymoquinone, are essential in preventing gastric mucosa damage by decreasing the increased stomach acidity. Sadarman et al., (2021) observed  that supplementation on the productive performance, nutrient utilization, and blood metabolites profile of small ruminant animals. Singh et al., (2021) investigated the immunomodulatory activity of the Nigella sativa seed extract on the chicken PBMCs and suggested the potential use as an adjuvant with various vaccines in chickens.Wei et al., (2022) stated that Thymoquinone (TQ), the main active component, improves immunomodulatory qualities by acting on T cells and NK cells inside the immune system.Figlon et al., (2023) discussed the in vitro and in vivo studies the ability of Nigella sativa to modify the immune response by controlling the interactions between elements, such as T and B cells and neutrophils and macrophages, by either activating or inhibiting the immune system. The production of cytokines or nitric oxide, phagocytic and cytotoxic activities, proliferation of T cells and splenocytes, and vulnerability to necrosis and apoptosis in vitro and in vivo are all factors that support that NS affects immune cells. Alsalahi et al., (2024)  observed that NSS enhances humoral but not cellular immunity in healthy animals.
As per the above discussion and various findings observed, for various researchers it indicates the Nigella sativa is having immunomodulatory activity and it either stimulates or unstimulates the lymphoctes at various concentrations i.e either at Higher concentration or either at Lower concentrations. Hence in the present study of lymphocyte immunomodulation in caprines it is clearly indicated that the lowest dilution of Nigella sativa  (6.25 μg/ml),Shows has immunomodulatory activity.
Conclusion:
According to the present  investigation, the immunomodulatory effect of the ethanolic extract of Nigella sativa was  found higher at only 6.25ug/ml i.e at the lower concentration.
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