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Abstract
N.sativa, a core dietary supplement and food additive in folklore is one of the most broadly studied seed
plants in the global nutraceutical sector. Malaria infection impairs the ability of principal cells of the
immune system to trigger an e�cient in�ammatory and immune response. Ninety-six mice weighing (20-
25g) were grouped into twelve consisting of eight animals each. The mice were infected with standard
inoculum of the strain NK65 P.berghei (chloroquine sensitive) and the percentage parasitemia
suppression were evaluated. The individual effect of black seed supplemented diet and its combinatory
effect with chloroquine (CQ) were investigated on the glutathione peroxidase(GPx), reduced
glutathione(GSH), glutathione-S-transferase (GST), serum immunoglobulins (IgG and IgM), and the
hematological parameters (haemoglobin, packed cell volume and red blood cell count) in P.berghei
infected mice. The in�ammatory cytokines; Tumor necrosis factor (TNF-α), C-reactive protein (CRP),
Interleukin (IL-6 and IL-10) as well as IgG and IgM were assayed in the serum. The mice temperature and
behavioural changes were observed. Infected mice treated with the dietary supplementation of black seed
with a percentage inclusion (2.5%, 5% and 10%) showed signi�cantly decreased parasitemia levels
(p<0.05) compared with the untreated mice. The result demonstrated a signi�cant suppression in the pro-
in�ammatory cytokines (TNF-α, CRP, IL-6) levels and a notable elevation in the anti- in�ammatory
cytokine (IL-10), antioxidant markers as well as the immunoglobulin levels of the P.berghei-infected mice
treated with black seed. The study revealed that black seed enhanced host antioxidant status, modulated
in�ammatory and immune response by regulating some in�ammatory cytokines and immunomodulatory
mediators. 

Pratical Application
Black seed (N.sativa) has been a dietary supplement and natural remedy for many ailments for many
centuries. In�ammatory and immune diseases are the most notable cause of mortality in the world and
more than �fty percent of deaths have been attributed to it. However, there’s paucity of information on the
effect of N.sativa on anti-in�ammatory and immunomodulatory ability of N.sativa. The result suggests
that N.sativa induced antioxidant, anti-in�ammatory and immunomodulatory effect in P.berghei- infected
mice via the participation of glutathione antioxidant system, serum antibodies and some in�ammatory
cytokines.

Introduction
Nigella sativa, also referred to as black seed, is a principal nutritional supplement and function as a
natural remedy for many ailments (Heshmati et al., 2015; Periasamy et al., 2016). It is regarded as a
better prospect in formulating functional foods owing to its phytochemical constituents and therapeutic
properties by reason of folklore and research. History has shown that N.sativa is one of the most
treasured nutrient-dense food supplement with immune boosting potency in different parts of the world
(Bashir et al., 2021). N.sativa have long been considered as food preservatives, �avouring agent and
natural food additives in diets such as youghurt, cookies, potato porridge, rice pilaf, pickles, salads,
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sauces, smoothies, soy sauce, candy, bread, cakes, and several pastries and confectionaries. They can be
utilized as spices and prepared synergistically with honey and syrup and also as condiments in cheese
and soft cookies like oatmeal and crispy chocolate chips cookies. It can also be sprinkled on lentils,
vegetables, chicken and beef braises (Bashir et al., 2021; Majdalawieh and Fayyad, 2016). It is an
essential therapeutic medicinal plant that possesses a solid traditional background. A valid statement
from a renowned sect leader revealed that N.sativa can be used to treat all diseases except “As Sam”
(death) (Al-Bukhari et al., 1976). Malaria, a tropical disease brought about by protozoan parasites
(sporozoites) of the genus Plasmodium is one of the most prevalent infectious parasitic disease in the
world. It is recognized as a principal health menace in Africa and is accountable for the demise of
approximately four million individuals annually, most of whom are pregnant women and children (W.H.O.,
2020). In the year 2020, W.H.O reported two hundred and forty-one million (241,000,000) occurrences
globally prevalent in eighty-�ve malaria endemic countries most especially, the African continent are
susceptible to this menace. Intriguingly, approximately fourteen million (14,000,000) additional cases
were recorded in the year 2020 when compared with 2019, and markedly increased with sixty- nine
thousand (69,000) extra deaths. The malaria parasites transmitted into the mammalian host starts with
the in�ltration of infectious motile sporozoite into the skin through infected mosquito bite. The
sporozoites which primarily alternates diverse cell types in the skin in pursuit of capillaries so as
penetrate the blood stream is transported to the liver. The sporozoite stage is transformed into the liver
stage via the infection of the liver cells (hepatocytes) by the each of the sporozoites. This hepatic stage
undergoes genome replication and differentiation into several thousand erythrocytes infectious
merozoites (Matsuoka et al., 2002; Vaughan, 2021). Immunosupression can be detrimental during
Plasmodium parasite infection and it principally occurs during the blood stage and not at the pre-
erythrocytic stage (that is, the liver stage) promoting the evasion of the immunogenic response of the
host’s cells by the parasites and obstructing the progression of an e�cient naturally acquired immunity
(Belkaid, 2007). Malaria is a crucial in�ammatory disease condition associated with headache, fever,
lethargy, anorexia and anaemia. During malaria infection, the red blood cells ruptures and there is release
of merozoites into the blood stream triggering free radicals’ production (Gallego-Delgado et al., 2014).
Malaria parasite infection induces the production of hydroxyl radicals (OH−) and hydrogen peroxide
(H2O2) in the hepatic tissue, and might be attributed to oxidative stress progression. More so, Atamna et
al. revealed that the H2O2 production doubled in Plasmodium falciparum infected erythrocytes compared
to the normal erythrocytes (Percário et al., 2012; Atamna et al.,1994).

In biological systems, oxidative stress has been implicated in pathologies such as malaria, in�ammatory
diseases and immune system disorder. There is growing proof that the ingestion of various phenolic
compounds found in natural diets could reduce the risk of severe diseases due to the antioxidant ability
(Kooti et al., 2016). The pharmacological abilities of N. sativa seeds have been ascribed to the diverse
bioactive constituents found in N. sativa seeds which include, phenolic and alkaloid compounds, such as
quercetin, kaempferol thymol, carvacrol, quinones, thymoquinone, thymohydroquinone, vanillic acid,
gallic acid, nigellicine, nigellidine, and alpha-hederin have been co (Mazaheri et al, 2019; Farag et al.,
2014). Severe malaria have long been identi�ed with increased circulating levels of pro-in�ammatory
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cytokines which include tumor necrosis factor-α (TNF-α), Interleukins (IL-1, IL-6,), C-reactive proteins
(CRP), interferon -γ (IFN-γ) and decreased production of anti-in�ammatory cytokines such as Interleukin
10 (IL-10) and transforming growth factor beta (TGF-β) as well as the reactive oxygen species,
eosinonophils, neutrophils and pro-in�ammatory macrophages e.t.c. (Byun et al., 2021; Kulyar, et al.,
2021). Satiable research �ndings have investigated the antimalarial, anticancer, antimicrobial,
antihistaminic, anti-convulsant, hepatoprotective, cardioprotective, nephroprotective, neuroprotective,
bronchodilatory and analgesic activities of this dynamic seed. (Salem, 2005; Randhawa, 2008). This
study seeks to unravel the effect of black seed on the antioxidant, immunomodulatory and anti-
in�ammatory potential of Plasmodium berghei -infected mice (Kulyar, et al., 2021; Byun et al., 2021).

The extensive medicinal properties and therapeutic uses of Nigella sativa (black seed) demonstrate its
signi�cance as a treasured medicinal plant. It is also one of the most broadly studied seed plants in the
global pharmaceutical and nutraceutical sector. As a result of the alarming rate of drug resistance, the
development of new and e�cient drugs from plant source has been triggered and of course,
advantageous, cost-effective and generally available. N.sativa has been in use in folklore and encouraged
by religious sects due to its wide spread reputation as an immune booster. However, there is dearth of
information on the scienti�c basis for the immunomodulatory and anti-in�ammatory properties of the
seeds against common infectious tropical diseases and their possible mechanism of action. Therefore,
this study seeks to explore the antioxidant, anti-in�ammatory and immunomodulatory properties of the
seeds in Plasmodium berghei - infected mice.

Materials And Methods

2.1 Chemicals
Glutathione, 5,5′-dithio-bis (2-nitrobenzoic acid), sulphosalicyclic acid, 1-chloro-2,4-dinitrobenzene (CDNB)
were purchased from SIGMA Chemical Co. USA. Other reagents including chloroquine diphosphate, were
of analytical grade and re�ned quality obtainable.

2.2 Nigella sativa
Black seeds (N.sativa) were sourced for from Kaduna, the northern part of Nigeria The seeds were
identi�ed and authenticated at Centre for Research and Development (CERAD), Federal University of
Technology, Akure, Nigeria. The dried seeds were pulverized and kept in a moisture- and air-tight
container.

2.3 Diet formulation
The diet at varying percentage inclusion was formulated according to the procedure described by
Gbenga-Fabusiwa et al., (2018).

2.4 Temperature Measurement and Behavioural Observation
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A rectal probe thermometer BIOSEB (BIO-9882) was carefully inserted into the colon with a probe
(approximately one and half centimeter) via the anal sphincter to check the body’s internal temperature of
the hand-restrained mice model. All the treated and control groups were visually monitored during
experimental studies for their behavioral changes like reduced locomotor activity, lethargy, suppressed
food consumption, diarrhea and piloerection.

2.5 Animal and Parasite Strain

2.5.1 Animal Strain
Ninety-six (96) mice weighing (20-25g) grouped into twelve of eight animals each (n = 8) were used for
this study. They were con�ned in cages and kept in a room where 12 hr light/dark cycle were maintained
coupled with free access to water and diet throughout the period of the experiment. The rats were
subjected to two weeks’ acclimatization phase for 2 weeks and placed ad libitum on black seed-
supplemented diet. The animals handling was in compliance with the approved international standard.

2.5.2 Parasite Strain
Donor mice infected with Plasmodium berghei (NK-65 strain) were sourced from the Institute of Medical
Research and Training (IMRAT) at the University College Hospital (UCH), Ibadan, Nigeria.

2.6 Infection of the mice with Plasmodium berghei

2.6.1 Parasite Innoculation
After seventy-two hours of innoculating the mice, their parasitemia level was evaluated by preparing thick
blood �lm according to Cheesebrough et al., (2014). The course of infection was studied in each
experimental mouse that were given 107 parasitized red blood cells in 0.2ml inoculum via intraperitoneal
administration. The blood obtained from a donor mouse through the venus cardiac puncture was
collected in EDTA bottles This was prepared by calculating the percentage parasitemia level of donor
mouse and diluting the blood with 5 ml of phosphate buffer solution so that 0.2 ml of diluted blood
contained 1 × 107 infected erythrocytes (David et al., 2004).

2.6.2 Evaluation of Malaria Parasite
Thin smear of blood �lms was prepared from the tail vein of treated and control groups. The smears were
�xed with methanol and stained with 10% Giemsa stain for thirty minutes and then rinsed with water.
Afterwards, each stained slide was microscopically scrutinized under oil immersion of 100×
magni�cation power to assess the mean percentage (%) parasitemia and suppression of each fraction in
comparison with control group. The mean parasitaemia was calculated and expressed as follows:
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2.7 Grouping of Experimental Animals.
Group 1: Normal control (Mice fed with basal diet)

Group 2: Plasmodium berghei-infected mice (PBIM)

Group 3: PBIM + chloroquine (CQ) (10 mg/kg)

Group 4: PBIM + 2.5% black seed supplemented diet

Group 5: PBIM + 5% black seed supplemented diet

Group 6: PBIM + 10% black seed supplemented diet

Group 7: PBIM + 2.5% black seed supplemented diet + CQ

Group 8: PBIM + 5% black seed supplemented diet + CQ

Group 9: PBIM + 10% black seed supplemented diet + CQ

Group 10: Normal control mice + 2.5% black seed supplemented diet

Group 11: Normal control mice + 5% black seed supplemented diet

Group 12: Normal control mice + 10% black seed supplemented diet

The mice were fed with black seed supplemented diet and CQ administered orally (gavage) for �ve
consecutive days after infection was established. The mice were sacri�ced twenty fours after the �nal
day of the experiment. The laboratory protocol was in accordance with the National Institute of Health
(NIH publication 85- 23, 1985) guideline for experimental animal care and use.

2.8 Preparation of tissue homogenates
Whole blood from mice was collected into ethylenediaminetetraacetic acid (EDTA, preserved at 4°C and
the, liver tissues was excised, placed on ice and weighed. These tissues were rinsed in cold normal saline
(0.9%), subsequently homogenized in 0.1 M sodium phosphate buffer (pH 7.4) using Te�on homogenizer.
The homogenates were centrifuged at 10,000g for 20 mins and clear supernatant recovered was used for
various biochemical assays (Belle et al., 2004).

2.8.1 Effect of black seed-supplemented diet on the
haematological parameters of infected mice.
Haematological paramaters namely, packed cell volume (PCV), red blood cell count (RBC), haemoglobin
(Hb) were evaluated following the standard method of Cheesbrough (2014)
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2.8.2 Biochemical assays (in vivo)
The reduced glutathione (GSH) level was assayed by evaluating the rate of synthesis of chromophoric
product in a reaction between free sulphydryl groups and 5,5′-dithiobis(2-nitrobenzoic acid) (DTNB) at the
wavelength 412 nm assessed by the method of Jollow et al. (1974). Glutathione-S-transferase (GST)
activity as described by Habig et al. (1974), is dependent on the rate of conjugate formation between GSH
and 1-Chloro-2,4-dinitrobenzene (CDNB). Glutathione peroxidase (GPx) was measured by quantifying the
oxidation of NADPH in the presence of exogenous glutathione, hydroperoxide and GSH (Rotruck et al.,
1973).

2.8.3 Quanti�cation of pro-in�ammatory and
Immunological markers
Tumor necrosis factor alpha (TNF-α), C-reactive protein (CRP), interleukin 6 (IL-6), interleukin 10 (IL-10) as
well as Immunoglobulin G and M (IgG and IgM) were measured by ELISA assay in the serum using
Quantikine Immunoassay kits (R&D Systems, Minneapolis, MN) according to the manufacturer's
instructions and as described by Paim et al., (2011).

2.8.4 Protein determination
The protein content was determined by the Coomassie blue method according to Bradford (1976) using
serum albumin as a standard.

2.9 Data analysis
The data obtained was expressed as mean ± standard error of the mean (SEM). The analysis of Variance
(ANOVA) followed by Tukey’s test for multiple comparison was employed using Graph-pad Prism 8.0 for
windows.

Results
Effect of Black seed- Supplemeted Diet on the Parasitemia Level in P.berghei- infected mice

There was a signi�cant elevation in the percentage parasitemia level of the mice infected with P.berghei
and a maximum eighty- three percentage average parasitaemia level was recorded on the �fth day
following infection (post infection) (Table 1). However, the combined effect of the oral administration of
standard drug, chloroquine (CQ) plus the black seed supplemented diet (10%) possessed the maximum
suppression in the parasite load resulting in complete parasitemia clearance. More so, the black seed
supplemented diet (5% and 10%) also caused a signi�cant (P< 0.05) suppression in parasitemia level of
Plasmodium berghei-infected mice when compared with untreated group. This connotes that the
combinatory effect of CQ and black seed supplemented diet (5% and 10%) had moderately stronger
antimalarial activity than the individual effect of CQ in P. berghei-infected mice.

Effect of Black seed- Supplemeted Diet on Haematological indices in P.berghei- infected mice
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The results showing the effect of black seed- supplemeted diet on red blood cells (RBCs) and
haemoglobin (Hb) level, are shown in Table 2. A signi�cant reduction was observed in the red blood cells
and haemoglobin level of the untreated mice infected with P.berghei. Nonetheless, black seed
supplemented diet (2.5%, 5% and 10%) caused a signi�cant (P < 0.05) elevation in the PCV and Hb level
of Plasmodium berghei-infected mice when compared with the untreated group. There was also a notable
rise in the combined effect of CQ and black seed supplemented diet (2.5%, 5% and 10%).

3.1 Effect of black seed-supplemented diet on packed cell volume (PCV) in P.berghei-infected mice.

This �ndings revealed the packed cell volume (PCV), also known as haematocrit count of the normal and
P.berghei-infected mice (Figure 2). There was signi�cant (P 0.05) increase in the packed cell volume of
all the mice treated with black seed - supplemented diet compared with the untreated group (PBIM). More
so, the combined effect of black seed- supplemented diet and CQ elicited notable rise compared to the
p.berghei- infected mice. However, there was no signi�cant difference between the p.berghei- infected
mice treated with standard drug, chloroquine (CQ) and the mice treated with black seed- supplemented
diet at varying percentage inclusion.

3.2 Effect of Black seed- Supplemeted Diet on Body Temperature (  o  C ) of P.berghei- infected mice

Table 3 reveals the effect of the dietary supplementation of black seeds on the body temperature of
P.berghei-infected mice (Figure ). A signi�cant decrease was observed in the body temperature of
P.berghei-infected mice. However, a normal body temperature was observed in the mice treated with black
seed- supplemeted diet at varying percentage inclusion (2.5%, 5%,10%).

3.3 Effect of dietary supplementation of black seed on plasma and liver glutathione peroxidase (GPx)
activity in P.berghei-infected mice compared to the groups treated with black seed- supplemented diet .

This study revealed the GPx activity in the plasma and liver (Figure 3 & 4) The result showed that the
plasma and liver GPx activities were signi�cantly (P < 0.05) reduced in P.berghei-infected mice. treated
with black seed- supplemented diet. However, treatment with black seed (with a percentage dietary
inclusion of 2.5%, 5%,10%) caused a notable elevation in the P.berghei-infected mice. Moreso, the
combinatory effect of black seed at varying percentage dietary inclusion (2.5%, 5%,10%) plus the
standard drug, chloroquine brought about a signi�cant (P < 0.05) elevation of GPx in the infected mice.
Also, a signi�cant increase in the GPx level of the normal control group as well as its dietary inclusion of
2.5%, 5%,10% black seed were observed.

3.4 Effect of dietary supplementation of black seed on plasma and liver glutathione-s-transferase (GST)
activity in P.berghei-infected mice.

The �ndings as revealed in Figure (5 &6) con�rms that there was considerable increase (P <0.05) in the
glutathione-s-transferase (GST) activity in the plasma and liver of P.berghei-infected mice compared to
the normal mice (uninfected mice). However, treatment with black seed –supplemented diet in the
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plasma and liver lowered GST levels compared to the P.berghei-infected mice. Also, there was signi�cant
(p< 0.05) elevation in the infected mice treated with the combinatory effect of black seed at varying
percentage inclusion (2.5%, 5%,10%) and chloroquine. More so, considering the uninfected groups
(without P.berghei), they all exhibited considerable elevation of GST in the plasma and liver.

3.5 Effect of dietary supplementation of black seed on plasma reduced glutathione level (GSH) activity in
P.berghei-infected mice.

The activity of reduced glutathione level was assessed in the plasma and liver (Figure 7&8). The results
obtained from study showed that the GSH level in the plasma and liver were signi�cantly decreased
(P<0.05) in the P.berghei-infected mice compared to the treated groups. A distinctive elevation in GSH
level was observed in the mice treated with black seed- supplemented diet compared to the P.berghei-
infected mice. More so, the mice treated with the combinatory effect of black seed- supplemented diet
and chloroquine (CQ) exhibited signi�cantly higher (P<0.05) GSH activity than the individual effect of CQ
in the plasma and liver. Impressively, all the groups treated with black seed- supplemented diet elicited
notable elevation of GST levels in the plasma and liver compared to the P.berghei-infected group.

3.6 Effect of dietary supplementation of black seed on tumor necrosis factor (TNF-α) in P.berghei-infected
mice.

We also evaluated the effect of the dietary supplementation of black seed on tumor necrosis factor (TNF-
α) in the serum (Figure 9). A signi�cant elevation (P<0.05) was observed in the serum’s TNF-α level of the
P.berghei-infected mice compared to the black seed-supplemented diet (2.5%, 5%,10%) as well as the
combined effect of chloroquine (CQ) plus the black seed –supplemented diet (2.5%, 5%,10%). Intriguingly,
the normal control group treated with black seed-supplemented diet also elicited a notable reduction in
the serum’s TNF-α level.

3.7 Effect of dietary supplementation of black seed on C-Reactive Protein (CRP) in P.berghei-infected
mice.

The result obtained in this study revealed that the C-reactive protein level was signi�cantly increased
(P<0.05) in the P.berghei-infected mice (Figure 10). However, the treatment with the dietary
supplementation of black seed at varying percentage inclusion (2.5%, 5%,10%). brought about a
signi�cant reduction (P<0.05) in the serum’s C-reactive protein level. More so, all the groups treated the
black seed- supplemented diet exhibited considerable reduction in the C-reactive protein level of the
P.berghei-infected mice.

3.8 Effect of dietary supplementation of black seed on Interleukin-6 (IL-6) in P.berghei-infected mice.

This �nding reveals the effect of dietary supplementation of black seed on serum’s Interleukin-6 (IL-6)
level in P.berghei-infected mice (Figure 11). The serum’s interleukin level was signi�cantly increased in the
P.berghei-infected mice. Nonetheless, the treatment with the black seed-supplemented diet at varying
percentage inclusion (2.5%, 5%,10%) signi�cantly suppressed (P<0.05) serum’s IL-6 level in the infected
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mice. Also, the combinatory effect of black seed-supplemented diet (2.5%, 5%,10%) and CQ elicited
signi�cant reduction in the IL-6 level of the serum of the infected mice compared to the treatment with CQ
alone.

3.9 Effect of dietary supplementation of black seed on Interleukin-10 (IL-10) in P.berghei-infected mice.

The effect of black seed-supplemented diet was investigated in the serum’s Interleukin-10 (IL-10) of
P.berghei-infected mice (Figure 12). Interleukin-10, IL-10, a potent anti-in�ammatory cytokine was
signi�cantly suppressed in P.berghei-infected mice. Captivatingly, all the groups treated with the dietary
supplementation of black seed at varying percentage inclusion (2.5%, 5%,10%) showed signi�cant
elevation (P<0.05) in IL-10 level in the serum. Also, there was a considerable increase in the serum’s IL-10
level of the groups treated with combinatory effect of CQ and black seed-supplemented diet (2.5%,
5%,10%).

3.10 Effect of dietary supplementation of black seed on serum Immunoglobulins level in P.berghei-
infected mice.

Results of immunoglobulin level shown in Figure (13&14) were assessed in the serum. A signi�cant
decrease (P<0.05) in the serum immunoglobulins (IgG & IgM) levels was observed in the P.berghei-
infected mice. This �ndings also revealed signi�cant elevation (P<0.05) in the serum immunoglobulins
(IgG & IgM) levels of the groups treated with black seed- supplemented diet compared to P.berghei-
infected group.

Discussion
Malaria remains one of the world's most enervating infectious diseases. Prolonged and elevated
erythrocyte rupture via the release of merozoites into the blood stream causes increased parasitemia
levels and anaemia. The parasite molecules and ruptured erythrocytes activates in�ammatory and
immune response in the host. Plasmodium parasites impairs the ability of principal cells of the immune
system to trigger an e�cient in�ammatory and immune response. The pathogenesis of in�ammation
and immune system dysfunction in malaria is quite complicated. Parasitemia level was recorded as the
total number of parasitized red blood cells calculated in percentage. The �nding from this study showed
signi�cant rise in parasitemia level with increasing days after innoculation and a maximum parasitemia
level was observed on the �fth and �nal day of the experiment in the P. berghei - infected mice. An
elevated degree of parasitemia level with extreme mortality indicates the critical level of infection in this
mice model. Moreover, death is the terminal complication of Plasmodium parasites occurrence in animal
and human. Our study revealed a signi�cant parasitemia suppression (P<0.05) in the groups treated with
the dietary supplementation of black seed at varying percentage inclusion (2.5%, 5% and 10%). This
therefore shows that N.sativa possesses potent antimalarial activity. Intriguingly, the black seed
supplemented diet of 10% dietary inclusion in combination with chloroquine (PGIM+CQ+BS (10%)
resulted in total parasitaemia clearance in P.berghei infected mice NK65 strain (CQ sensitive). This
corroborates with a study carried out by Emeka et al. which showed that the combinatory effect of Nigella
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sativa formulated feed and CQ generated parasitemia clearance (that is, 100% parasitemia suppression)
in the infected mice (Emeka et al., 2014). Considering the central targets of plasmodium parasites such
as the liver, spleen and blood tissues, we assessed the effect of N.sativa on the hematological
parameters of the infected mice which include the packed cell volume (PCV), also known as the
haematocrit, heamoglobin and the red blood cells (RBCs) (Olanlokun et al., 2021). A signi�cant reduction
in the total number of red blood cells (RBCs) in the P. berghei - infected mice observed in this study
revealed detrimental signs of severe anaemia which is a core clinical indication of complicated malaria in
patients (Keating et al., 2021). This investigation is in agreement with former �nding revealing the
elimination of the red blood cells by the spleen as a result of P. berghei infection (Albohiri and Alzanbagi,
2021). Malaria parasite infection causes the destruction of red blood cells (erythrocytes), known as
haemolysis as well as the defective development of erythrocytes, known as dyserythropoesis (Thakur et
al., 2020), which prevents quick recuperation from anemia. Incidentally, this present �nding observed a
notable reduction in the packed cell volume and hemoglobin level of P. berghei - infected mice.
Haemoglobin is the iron-containing oxygen-transport metalloprotein present in RBCs of animals and its
purpose is to transport oxygen to tissues for the oxidation of ingested food in order to liberate energy for
normal functioning of the biological system. A particular study revealed signi�cant reduction in the
packed cell volume, hemoglobin and red blood cells in the rats’ model infected with P. berghei ANKA
strain (Olanlokun et al., 2021). The packed cell volume (PCV) is the quanti�cation of the proportion of
blood that is composed of cells and denotes the capacity of blood to transport oxygen and nutrients. It
was observed that the PCV was notably reduced in the untreated mice infected with P. berghei when
compared to the treated groups and it’s in conformity with anaemia observed during malaria infection.
This �nding corroborates previous studies which revealed in the signi�cant reduction in the PCV of
Plasmodium parasites-infected rabbit and mice. (Olanlokun et al., 2021; Chijioke et al., 2018). All
hematological indices (PCV, RBCs and heamoglobin) carried out in this study were reinstated following
treatment with black seed.

The data obtained from this study revealed that the groups infected with P. berghei (PGIM) developed
hypothermia (low body temperature) upon innoculation with the parasite observed with the rectal probe
thermometer. The chronic progression of intense hypothermia in the mice model can be ascribed to the
enervating effect of malaria infection in the host, thus causing the absence of heat in the body and
�nally, death. The loss of pyrogenic response in the mice could be attributed to certainty that little rodents
such as mice and rats, possess a broad surface area to body mass ratio, causing a great loss of heat and
inhibits the occurrence of fever induced by pyrogens.

Oxidative stress occurs when the reactive oxygen species (ROS) production outweighs the antioxidant
defense mechanism and this poses a serious debilitating and detrimental consequence in the biological
system damaging cellular components and macromolecules. A �nding showed that the infection of
plasmodium species triggers the release of free heme thus, activating free radicals release in the liver
through the mitochondrial signaling pathway (Lelliott et al., 2015) triggering a condition known as
oxidative stress. It was also observed that the free radicals generated by the red blood cells doubled that
of the non-infected red blood cells (Atamna et al., 1994). Hemozoin, produced during the degradation of
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host hemoglobin by the malaria parasite during the erythrocytic phase have been shown to release some
pro-in�ammatory cytokines (Interleukins and TNF-α) from macrophages (Murambiwa et al., 2020). The
glutathione cycle is associated with the antioxidant metabolites and constitutes one of the core systems
for preventing the adverse reaction of free radicals. Under physiological state, free radicals and other ROS
namely, superoxide radicals, hydroxyl radicals and hydrogen peroxides are generated during normal
metabolic processes and performs bene�cial role in the body, however at elevated concentration can lead
to oxidative damage and several comorbidities of chronic in�ammatory and immune system
dysregulation most especially during Plasmodium parasite infection in animal and clinical trial (Aqeel et
al., 2019). Interestingly, the combination of black seed supplemented diet and chloroquine (CQ) caused a
notable suppression of free radicals production via the elevation of antioxidant enzyme, glutathione
peroxidase (Gpx) in the plasma and liver of P.berghei infected mice. A demographic and health survey
data in endemic area reported high parasitemia level in Kenyan children which brought about a
signi�cant reduction in their plasma GPx level and oxidative stress (Sumba et al., 2010). A reduced GPx
level could be associated with repeated and consistent malaria infection which is responsible for either
immunosuppression or exaggerated and over activated immune response. Chloroquine, which functions
through the generation of free radicals, mostly possess an integral mechanism to inhibit the formation of
hemozoin, leading to the destruction of parasites and accumulation of free heme. Intriguingly, dietary
supplementation with black seed signi�cantly elevated GPx, GST and GSH levels. Glutathione-S-
transferase (GST), a phase II detoxi�cation enzyme and reduced glutathione are core players in ROS and
RNS detoxi�cation and a relevant mediator in oxidative stress and in�ammatory response in malaria
parasites (Olanlokun et al., 2021). The trophozoite phase of the malarial parasite in the erythrocytes
shows a potent reduced glutathione (GSH) metabolism. The parasite infection has been connected with
reduced GSH level, which maybe the responsible for the depletion of GSH levels in the biological system
via the elevated levels of GSSG (oxidized glutathione) and excessive production of ROS, thus leading to
oxidative stress, impairment in the antioxidant system of red blood cells (Rogers et al. 2021) and also
boost the production of several pro-in�ammatory cytokines and mediators. This present study
demonstrated a signi�cant reduction (p<0.05) in the plasma and hepatic GSH levels of P.berghei infected
mice. Conversely, a remarkable decrease was recorded in the plasma and hepatic GST of the infected
mice treated with the dietary supplementation of black seed with a percentage inclusion of 5% and 10%.

Okeola et al. reported that N.sativa extract (1.25g/kg body weight) was not only limited to suppressing
the parasitemia level of P.yoelli infected mice but also signi�cantly reduced glutathione-S-transferase
(GST) and reduced glutathione (GSH) level in mice tissue (Okeola et al., 2011). The antioxidant capability
of black seed could be attributed to their bioactive phytochemicals like phenolics, alkaloids, saponins and
terpenes present in them and has been associated with a broad spectrum of therapeutic and
pharmacological properties of this seeds (Farhana, 2021; Gupta et al., 2021). The in�ltration of
plasmodium parasites into the host activates various metabolic reactions which might lead to the
generation of reactive oxygen species (Murambiwa et al., 2020). The reactive oxygen produced in the
food vacuole of the parasite strains during the depletion of hemoglobin have been reported to trigger the
release of some pro- in�ammatory cytokines such as Interleukin 6 (IL-6), C-reactive protein (CRP) and
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tumor necrosis factor- alpha (TNF-α) (Onohuean et al., 2021). The IL-6 and TNF-alpha are the major
cytokines primarily secreted by the adipocytes and is responsible for the generation of the acute phase C-
reactive protein. These pro-in�ammatory mediators (IL-6, TNF-alpha and CRP) do not only alter the
immune response during intense malaria infection but also inhibits the development of serum antibodies
such as IgG and IgM against the parasite in the body. They are also associated with the pathogenesis of
malaria contributing to disease complication and death. Captivatingly, our �ndings revealed that the
treatment with black seed supplemented diet brought about a signi�cant reduction (p< 0.05) in the pro-
in�ammatory cytokines namely; IL-6, TNF-α as well as the C-reactive protein level in P.berghei –infected
mice when compared to the untreated mice (PGIM). The circulating acute phase serum protein, CRP rises
expeditiously with in�ammatory response and remains an excellent prognostic biomarker for
in�ammatory and immune system dysregulation. Bashir et al. investigated the effect of N.sativa seed on
acute in�ammatory marker, C-reactive protein (CRP) and the �ndings revealed that the N.sativa treated
group remarkably suppressed the CRP levels compared to the diclofenac treated group and the control
group in albino rats. A peak inhibition (87%) of in�ammatory response was observed as a result of the
treatment with N.sativa oil (40µl/kg dosage) within a period of four hours in Carrageenan- induced
in�ammation (Hajhashemi et al., 2004).

Interleukin 10 (IL-10) is a potent anti-in�ammatory cytokine that performs a critical function in preventing
host immune response to Plasmodium parasites. This �nding revealed a signi�cant reduction in the IL-10
of the untreated P.berghei - infected mice. Interestingly, the treatment with the dietary supplementation of
black seed at percentage inclusion of 2.5%, 5% and 10% as well as its combinatory effect with CQ
signi�cantly elevated IL-10 levels. Intriguingly, this �nding is in line with a study by Azad and Kalam,
which showed that black seed upregulated IL-10 expression and also remarkably lowered IL-6 and TNF-α
expression in mustard oil (MO) -induced intestinal in�ammation in Sprague-Dawley rats (Azad and
Kalam, 2021).

Our �ndings revealed that the level of serum IgG antibodies was signi�cantly decreased in P.berghei
infected mice. However, the treatment with black seed -supplemented diet as well as its combination with
CQ resulted in a notable elevation in the serum IgG levels. This �nding is in concordance with Abbas et al.
who also observed a signi�cant elevation in IgG1 and IgG2a levels in the lung tissue and suppressed
eisonophils count in the blood using the mice model (Abbas et al., 2005). This inverse correlation
between parasitemia and IgG levels corroborates with a study which reveals that serum antibodies,
particularly, IgG and IgM are crucial for decreasing parasitemia levels as well as ameliorating the
debilitating effect of Plasmodium parasites (Eze and Christian, 2016). The decreased risk of malaria
parasite infection in human and speci�cally children have been linked to IgM levels and inversely
correlated with the density of the parasite, indicating that suppressed plasmodium parasites infection
causes decreased parasitemia levels via the inhibition of the pro-in�ammatory cytokines, that is, TNF-
alpha production (Couper et al., 2005; Dodoo et al., 2008; Kivity et al., 2010). This present research is also
in concordance with a study by Biswas et al. which revealed that the production of TNF-α and interleukin
was induced during Plasmodium falciparum infection by the monocytes but was inhibited in the
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presence of serum IgM antibodies (Biswas et al., 2000). The overproduction of pro- in�ammatory
cytokines may be modulated by the serum IgG and IgM antibodies.

Conclusion
The hall mark of severe malaria is associated with suppressed immune response and the excessive
production of pro-in�ammatory cytokines. The present �nding suggests that N. sativa possesses anti-
in�ammatory, immunomodulatory and anti-oxidant property with a mechanism of action probably hinged
on the regulation of pro- and anti-in�ammatory cytokines, the enhancement of serum antibodies and the
glutathione oxidative status in blood plasma and hepatocytes of P.berghei-infected mice.
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Tables
Table 1: Results are expressed in (mean±SD); PI=Initial parasitemia level; Pf =Final parasitemia level;
P.Suppression = Parasitemia suppression
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NC= Normal mice, PBIM= Plasmodium berghei-infected mice; PBIM+CQ= Plasmodium berghei-infected
mice+Chloroquine; PBIM+BS(2.5%)= Plasmodium berghei-infected mice + 2.5% black seed supplemented
diet;   PBIM+BS (5%) =Plasmodium berghei-infected mice + 5% black seed supplemented diet; PBIM+BS
(10%) =Plasmodium berghei-infected mice + 10% black seed supplemented diet; PBIM+CQ+BS (2.5%)
=Plasmodium berghei-infected mice+ Chloroquine+2.5% black seed supplemented diet; PBIM+CQ+BS
(5%) =Plasmodium berghei-infected mice+ Chloroquine + 5% black seed supplemented diet;
PBIM+CQ+BS (10%) =Plasmodium berghei-infected mice + Chloroquine +10% black seed supplemented
diet

Table 2: Results are expressed in (mean±SD)
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NC= Normal mice, PBIM= Plasmodium berghei-infected mice; PBIM+CQ= Plasmodium berghei-infected
mice+Chloroquine; PBIM+BS(2.5%)= Plasmodium berghei-infected mice + 2.5% black seed supplemented
diet;   PBIM+BS (5%) =Plasmodium berghei-infected mice + 5% black seed supplemented diet; PBIM+BS
(10%) =Plasmodium berghei-infected mice + 10% black seed supplemented diet; PBIM+CQ+BS (2.5%)
=Plasmodium berghei-infected mice+ Chloroquine+2.5% black seed supplemented diet; PBIM+CQ+BS
(5%) =Plasmodium berghei-infected mice+ Chloroquine + 5% black seed supplemented diet;
PBIM+CQ+BS (10%) =Plasmodium berghei-infected mice + Chloroquine +10% black seed supplemented
diet

Table 3: Results are expressed in (mean±SD);T0=Temperature taken on the �rst day of treatment; T3=
Temperature taken on the third day of treatment; T5= Temperature taken on the �fth day of treatment;  
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NC= Normal mice, PBIM= Plasmodium berghei-infected mice; PBIM+CQ= Plasmodium berghei-infected
mice+Chloroquine; PBIM+BS(2.5%)= Plasmodium berghei-infected mice + 2.5% black seed supplemented
diet;   PBIM+BS (5%) =Plasmodium berghei-infected mice + 5% black seed supplemented diet; PBIM+BS
(10%) =Plasmodium berghei-infected mice + 10% black seed supplemented diet; PBIM+CQ+BS (2.5%)
=Plasmodium berghei-infected mice+ Chloroquine+2.5% black seed supplemented diet; PBIM+CQ+BS
(5%) =Plasmodium berghei-infected mice+ Chloroquine + 5% black seed supplemented diet;
PBIM+CQ+BS (10%) =Plasmodium berghei-infected mice + Chloroquine +10% black seed supplemented
diet



Page 21/27

Figures

Figure 1

Schematic Diagram showing Black Seed (Nigella sativa)

Figure 2
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Effect of black seed-supplemented diet on packed cell volume in P.berghei-infected mice.

Bars are expressed as mean ± standard error of the mean (SEM) (n=8). *P < 0.05 versus  P.berghei-
infected mice

NC= Normal mice, PBIM= Plasmodium berghei-infected mice; PBIM+CQ= Plasmodium berghei-infected
mice+Chloroquine; PBIM+BS(2.5%)= Plasmodium berghei-infected mice + 2.5% black seed supplemented
diet; PBIM+BS (5%) =Plasmodium berghei-infected mice + 5% black seed supplemented diet; PBIM+BS
(10%) =Plasmodium berghei-infected mice + 10% black seed supplemented diet; PBIM+CQ+BS (2.5%)
=Plasmodium berghei-infected mice+ Chloroquine+2.5% black seed supplemented diet; PBIM+CQ+BS
(5%) =Plasmodium berghei-infected mice+ Chloroquine + 5% black seed supplemented diet;
PBIM+CQ+BS (10%) =Plasmodium berghei-infected mice + Chloroquine +10% black seed supplemented
diet

Figure 3

Effect of dietary supplementation of black seed on plasma glutathione peroxidase (GPx) activity in
P.berghei - Infected mice.

Bars are expressed as mean ± standard error of the mean (SEM) (n=8). *P < 0.05 versus  P.berghei-
infected group and #P < 0.05 versus P.berghei + chloroquine (CQ).
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NC= Normal mice, PBIM= Plasmodium berghei-infected mice; PBIM+CQ= Plasmodium berghei-infected
mice+Chloroquine; PBIM+BS(2.5%)= Plasmodium berghei-infected mice + 2.5% black seed supplemented
diet; PBIM+BS (5%) =Plasmodium berghei-infected mice + 5% black seed supplemented diet; PBIM+BS
(10%) =Plasmodium berghei-infected mice + 10% black seed supplemented diet; PBIM+CQ+BS (2.5%)
=Plasmodium berghei-infected mice+ Chloroquine+2.5% black seed supplemented diet; PBIM+CQ+BS
(5%) =Plasmodium berghei-infected mice+ Chloroquine + 5% black seed supplemented diet;
PBIM+CQ+BS (10%) =Plasmodium berghei-infected mice + Chloroquine +10% black seed supplemented
diet

Figure 4

Effect of dietary supplementation of black seed on liver glutathione peroxidase (GPx) activity in P.berghei-
infected mice.

Bars are expressed as mean ± standard error of the mean (SEM) (n=8). *P < 0.05 versus  P.berghei-
infected group and #P < 0.05 versus P.berghei + chloroquine (CQ).

NC= Normal mice, PBIM= Plasmodium berghei-infected mice; PBIM+CQ= Plasmodium berghei-infected
mice+Chloroquine; PBIM+BS(2.5%)= Plasmodium berghei-infected mice + 2.5% black seed supplemented
diet; PBIM+BS (5%) =Plasmodium berghei-infected mice + 5% black seed supplemented diet; PBIM+BS
(10%) =Plasmodium berghei-infected mice + 10% black seed supplemented diet; PBIM+CQ+BS (2.5%)
=Plasmodium berghei-infected mice+ Chloroquine+2.5% black seed supplemented diet; PBIM+CQ+BS
(5%) =Plasmodium berghei-infected mice+ Chloroquine + 5% black seed supplemented diet;
PBIM+CQ+BS (10%) =Plasmodium berghei-infected mice + Chloroquine +10% black seed supplemented
diet
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Figure 5

Effect of dietary supplementation of black seed on plasma glutathione-s-transferase (GST) activity in
P.berghei-infected mice.

Bars are expressed as mean ± standard error of the mean (SEM) (n=8). *P < 0.05 versus  P.berghei-
infected group and #P < 0.05 versus P.berghei + chloroquine (CQ).

NC= Normal mice, PBIM= Plasmodium berghei-infected mice; PBIM+CQ= Plasmodium berghei-infected
mice+Chloroquine; PBIM+BS(2.5%)= Plasmodium berghei-infected mice + 2.5% black seed supplemented
diet; PBIM+BS (5%) =Plasmodium berghei-infected mice + 5% black seed supplemented diet; PBIM+BS
(10%) =Plasmodium berghei-infected mice + 10% black seed supplemented diet; PBIM+CQ+BS (2.5%)
=Plasmodium berghei-infected mice+ Chloroquine+2.5% black seed supplemented diet; PBIM+CQ+BS
(5%) =Plasmodium berghei-infected mice+ Chloroquine + 5% black seed supplemented diet;
PBIM+CQ+BS (10%) =Plasmodium berghei-infected mice + Chloroquine +10% black seed supplemented
diet

Figure 6
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Effect of dietary supplementation of black seed on liver glutathione-s-transferase (GST) activity in
P.berghei-infected mice.

Bars are expressed as mean ± standard error of the mean (SEM) (n=8). *P < 0.05 versus  P.berghei-
infected group and #P < 0.05 versus P.berghei + chloroquine (CQ).

NC= Normal mice, PBIM= Plasmodium berghei-infected mice; PBIM+CQ= Plasmodium berghei-infected
mice+Chloroquine; PBIM+BS(2.5%)= Plasmodium berghei-infected mice + 2.5% black seed supplemented
diet; PBIM+BS (5%) =Plasmodium berghei-infected mice + 5% black seed supplemented diet; PBIM+BS
(10%) =Plasmodium berghei-infected mice + 10% black seed supplemented diet; PBIM+CQ+BS (2.5%)
=Plasmodium berghei-infected mice+ Chloroquine+2.5% black seed supplemented diet; PBIM+CQ+BS
(5%) =Plasmodium berghei-infected mice+ Chloroquine + 5% black seed supplemented diet;
PBIM+CQ+BS (10%) =Plasmodium berghei-infected mice + Chloroquine +10% black seed supplemented
diet

Figure 7

Effect of dietary supplementation of black seed on plasma reduced glutathione level (GSH) activity in
P.berghei-infected mice.

Bars are expressed as mean ± standard error of the mean (SEM) (n=8). *P < 0.05 versus  P.berghei-
infected group and #P < 0.05 versus P.berghei + chloroquine (CQ).

NC= Normal mice, PBIM= Plasmodium berghei-infected mice; PBIM+CQ= Plasmodium berghei-infected
mice+Chloroquine; PBIM+BS(2.5%)= Plasmodium berghei-infected mice + 2.5% black seed supplemented
diet; PBIM+BS (5%) =Plasmodium berghei-infected mice + 5% black seed supplemented diet; PBIM+BS
(10%) =Plasmodium berghei-infected mice + 10% black seed supplemented diet; PBIM+CQ+BS (2.5%)
=Plasmodium berghei-infected mice+ Chloroquine+2.5% black seed supplemented diet; PBIM+CQ+BS
(5%) =Plasmodium berghei-infected mice+ Chloroquine + 5% black seed supplemented diet;
PBIM+CQ+BS (10%) =Plasmodium berghei-infected mice + Chloroquine +10% black seed supplemented
diet

Figure 9
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Effect of dietary supplementation of black seed on tumor necrosis factor (TNF-α) in P.berghei-infected
mice.

Bars are expressed as mean ± standard error of the mean (SEM) (n=8). *P < 0.05 versus  P.berghei-
infected group and #P < 0.05 versus P.berghei + chloroquine (CQ).

NC= Normal mice, PBIM= Plasmodium berghei-infected mice; PBIM+CQ= Plasmodium berghei-infected
mice+Chloroquine; PBIM+BS(2.5%)= Plasmodium berghei-infected mice + 2.5% black seed supplemented
diet; PBIM+BS (5%) =Plasmodium berghei-infected mice + 5% black seed supplemented diet; PBIM+BS
(10%) =Plasmodium berghei-infected mice + 10% black seed supplemented diet; PBIM+CQ+BS (2.5%)
=Plasmodium berghei-infected mice+ Chloroquine+2.5% black seed supplemented diet; PBIM+CQ+BS
(5%) =Plasmodium berghei-infected mice+ Chloroquine + 5% black seed supplemented diet;
PBIM+CQ+BS (10%) =Plasmodium berghei-infected mice + Chloroquine +10% black seed supplemented
diet

Figure 10

Effect of dietary supplementation of black seed on C-Reactive Protein (CRP) in P.berghei-infected mice.

Bars are expressed as mean ± standard error of the mean (SEM) (n=8). *P < 0.05 versus  P.berghei-
infected group and #P < 0.05 versus P.berghei + chloroquine (CQ).

NC= Normal mice, PBIM= Plasmodium berghei-infected mice; PBIM+CQ= Plasmodium berghei-infected
mice+Chloroquine; PBIM+BS(2.5%)= Plasmodium berghei-infected mice+2.5% black seed supplemented
diet; PBIM+BS (5%) =Plasmodium berghei-infected mice + 5% black seed supplemented diet; PBIM+BS
(10%) =Plasmodium berghei-infected mice + 10% black seed supplemented diet; PBIM+CQ+BS (2.5%)
=Plasmodium berghei-infected mice+ Chloroquine+2.5% black seed supplemented diet; PBIM+CQ+BS
(5%) =Plasmodium berghei-infected mice+ Chloroquine + 5% black seed supplemented diet;
PBIM+CQ+BS (10%) =Plasmodium berghei-infected mice + Chloroquine +10% black seed supplemented
diet

Figure 11

Effect of dietary supplementation of black seed on Interleukin-6 (IL-6) in P.berghei-infected mice.



Page 27/27

Bars are expressed as mean ± standard error of the mean (SEM) (n=8). *P < 0.05 versus  P.berghei-
infected group and #P < 0.05 versus P.berghei + chloroquine (CQ).

NC= Normal mice, PBIM= Plasmodium berghei-infected mice; PBIM+CQ= Plasmodium berghei-infected
mice+Chloroquine; PBIM+BS(2.5%)= Plasmodium berghei-infected mice + 2.5% black seed supplemented
diet; PBIM+BS (5%) =Plasmodium berghei-infected mice + 5% black seed supplemented diet; PBIM+BS
(10%) =Plasmodium berghei-infected mice + 10% black seed supplemented diet; PBIM+CQ+BS (2.5%)
=Plasmodium berghei-infected mice+ Chloroquine+2.5% black seed supplemented diet; PBIM+CQ+BS
(5%) =Plasmodium berghei-infected mice+ Chloroquine + 5% black seed supplemented diet;
PBIM+CQ+BS (10%) =Plasmodium berghei-infected mice + Chloroquine +10% black seed supplemented
diet

Figure 12

Effect of dietary supplementation of black seed on Interleukin-10 (IL-10) in P.berghei-infected mice.

Bars are expressed as mean ± standard error of the mean (SEM) (n=8). *P < 0.05 versus  P.berghei-
infected group and #P < 0.05 versus P.berghei + chloroquine (CQ).

NC= Normal mice, PBIM= Plasmodium berghei-infected mice; PBIM+CQ= Plasmodium berghei-infected
mice+Chloroquine; PBIM+BS(2.5%)= Plasmodium berghei-infected mice + 2.5% black seed supplemented
diet; PBIM+BS (5%) =Plasmodium berghei-infected mice + 5% black seed supplemented diet; PBIM+BS
(10%) =Plasmodium berghei-infected mice + 10% black seed supplemented diet; PBIM+CQ+BS (2.5%)
=Plasmodium berghei-infected mice+ Chloroquine+2.5% black seed supplemented diet; PBIM+CQ+BS
(5%) =Plasmodium berghei-infected mice+ Chloroquine + 5% black seed supplemented diet;
PBIM+CQ+BS (10%) =Plasmodium berghei-infected mice + Chloroquine +10% black seed supplemented
diet.
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