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Abstract

This study aimed to evaluate the adaptive and innate immune responses by preparing and
evaluating the immunizing and protective efficacy of an inactivated whole Gram-negative
bacteria and their crude antigens with natural adjuvant Nigella sativa (N.S) oil compared with
Freund’s adjuvant (FA). then detected differential and total white blood cell count in each group
in addition to cytokines responses to humoral and cellular immune responses determined by
ELISA. The result of this study showed that the total leukocyte count was increased in all
adjuvant groups compared with a control group and the leukocyte differential count was
performed and the result indicated that the lymphocyte was increased in the group of N.S. oil
adjuvant, and it was statistically significant (P < 0.0 1) in N. S. adjuvant with killed bacteria
(G4). In contrast, monocyte percentage elevated in the two groups of Freund's vaccine adjuvant.
Concerning adaptive immune responses, Freund's vaccine adjuvant directs the immunity toward
cell-mediated immunity, on the other hand, the N. S. vaccine adjuvant directs the immunity
toward humoral immunity as revealed by the results of ratio of IFN-y /IL-4. In conclusion, the
uses of N. S. vaccine adjuvant directed the immunity toward TH2 responses. On the other hand,

Freund's vaccine adjuvants guide the immunity toward TH1 immune responses.
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Introduction

A vaccine is a biological product that is the
most effective means of preventing and
minimizing the harm caused by infectious
diseases in both humans and animals (1). It
can be used to safely induce an immune
response that confers protection against
infection and/or disease upon subsequent
exposure to a pathogen (2). Indeed, the use
of adjuvants can improve this in certain
vaccinations.  Adjuvants are defined by
Ramon as "substances used in combination
with a specific antigen that produced a more
robust immune response than the antigen
alone" (3). The word adjuvant comes from
the Latin adjuvare, which means "to help or
aid." According to (4), adjuvants are thought
to enhance the immune response by
imitating the biological processes often
linked to living infections. According to (5)
Gram-negative  bacteria  (GNB)  are
responsible for a number of serious public
health  issues  worldwide, including
endotoxic shock, pneumonia, diarrhea,
meningitis, urinary tract infections, and
many more illnesses in humans (6). Several
illnesses in ruminants, including ruminal
acidosis, fatty liver syndrome, claw-related
disease, retained placenta, displaced
abomasum (7), and sub-acute rumen
acidosis (8), are in addition to animal
diseases including bovine mastitis (9).

Adjuvants are compounds that improve the
capacity of vaccinations to produce
immunity when administered in conjunction
with vaccination antigens (10). Nonetheless,
Freund's adjuvants are the most widely used
emulsified adjuvants; yet, because of their
excessive toxicity and reactogenicity (11),
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they are not permitted for use in human or
veterinary medicine in the United States
(12). But for a long time, not many
adjuvants were added to vaccines; the most
widely used adjuvants are aluminum salts
(13). The drawbacks of the aluminum
vaccine adjuvant include the fact that it
increases the total body burden of aluminum
in humans (14) and that it can, in some
cases, result in granulomas and allergic
reactions (15). Recent research has focused
on a variety of novel compounds with
effective adjuvant properties and improved
safety because the toxicity and unfavorable
side effects of most adjuvant formulations
are the biggest issues with their use in
human vaccinations, especially in routine
pediatric vaccines (16).

Natural product adjuvants, such as Nigella
sativa oil adjuvant, have historically been
used extensively to help prevent and treat
diseases (17). This is because these
adjuvants  are accessible,
affordable, and rarely cause unfavorable side
effects (18). Because of their non-specific
immunostimulant effect, they could be used
in place of mineral oil (19). Nigella sativa is
a spicy, medicinal herb that is also known as
black cumin or black seeds. It has been used

generally

extensively in traditional medicine and is
well-known for its culinary applications.
Black cumin is indigenous to much of the
Indian subcontinent, the eastern
Mediterranean, northern  Africa, and
Southwest Asia. Black cumin, a panacea,
has been used in traditional medicine to treat
a wide range of illnesses and ailments. (20)
observed that the black seed contains p-
cymene, 4-terpineol, and t-anethol in

addition to other components like
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carbohydrates, fats, vitamins, minerals,
proteins, and essential amino acids.
Moreover, nigellidine, nigellimine,
nigellcine, saponine, and water-soluble
triterpene are found in black seeds (21).
Thymoquinone (TQ) is one of the most
active ingredients and an abundant
component (22). This study was aimed to
evaluate the natural material's (Nigella
sativa oil's) receptivity as an immunological
adjuvant utilizing bacteria (E. coli) as an
antigen.

Materials and methods

Laboratory animals

In all of the study's trials, thirty female
Wistar albino rats weighing between 220
and 260 Grams were utilized. All of the
animals were provided by Basrah
University, College of Veterinary Medicine.
Before being used in lab tests, rats were
housed in plastic cages for two weeks in
which they were allowed unlimited access to
food and water. Throughout the trial, the rats
were kept in controlled environments with a
12-hour light-dark cycle and a temperature
between 24 and 26°C. Every animal was
handled in accordance with the moral
guidelines for sample collection and animal
welfare.

Bacterial isolate

Local Shiga-producing E. coli (STEC)
isolate was obtained from cattle in Basrah
governorate and donated by the Department
of Microbiology at the University of Basrah,
College of Veterinary Medicine (23).
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Preparation of killed bacteria (whole cell
vaccine)

Brain-heart infusion broth was used to
cultivate stock E. Coli at 37° C for 24 hours.
While being shaken. Cells were treated with
3.7% formalin for an entire night following
incubation. Following four PBS washes
(24), the inactivated bacteria were adjusted
to 2x10° CFU/ml by comparison with 0.5
McFarland Standard Solution. Until they
were used, these preparations were kept at
4°C. A loopful of the dead isolates was
streaked onto blood agar or MacConkey
agar plates, and the plates were incubated at
37°C for 24 to 48 hours to verify sterility
(25).

Preparation of crude antigens using
sonication

For cell lysis, E. coli was suspended in
phosphate buffer saline in concentration
2x10° CFU/ml. The sample vial was kept in
an ice-water bath to prevent significant
heating of the sample during sonication (26).
The sample was then disrupted by sonication
for 10 cycles of 60s pulse with 90s interval
at a frequency of 20 kHz (27).

Preparation of Nigella sativa adjuvant
emulsion

The emulsion was prepared by mixing the
oil phase of Nigella sativa (N.S.) with the
aqueous phase of the prepared antigen as
follows:

Preparation of the oil phase of Nigella
sativa

The oil was extracted by cold pressing of
Nigella sativa seeds according to the method
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by (28), then it was mixed with span 40
(emulsifier) (Alpha Chemicka, India) after
sterilization each of them by filtration
through a filter syringe 0.45uL, the mixture
was mixed in a ratio of 9:1, 9 parts oil to one
part of span 40 with thoroughly mixing to
make an emulsion. The mixture of oil and
span 40 was stored in sterile containers at
room temperature until used (29).

Preparation of the Aqueous Phase of
vaccine

The aqueous phase was prepared by mixing
96% inactivated E. coli or protein antigen
solution with 4% span 40 (29).

Preparation of E. coli antigens and
Nigella sativa adjuvant

Vaccines stable emulsion was prepared by
thorough mixing of the prepared aqueous
phase and oil phase in a ratio of 1:4, where
one part of the aqueous phase was mixed
with 4 parts of the oil phase with continuous
mixing until production of stable emulsion
(29).

Preparation of Freund's adjuvants and E.
coli antigens

The stable water-in-oil emulsion is usually
prepared by forcing the aqueous-phase
antigen into an equal volume of the oil
adjuvant [Complete Freund's Adjuvant
(CFA) and Incomplete Freund's Adjuvant
(IFA) through three-way stopcocks cannula

(12).
Vaccine dose and route of injection

In the present study, the total dose was
injected subcutaneously was 0.5 ml per rat,
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[vaccine suspension of Freund's adjuvants

vaccines or Nigella sativa vaccines
adjuvant] (30; 31; 32).

Vaccination

Five groups (6 rats in each group) were
immunized subcutaneously using standard
hygiene precautions [sterile needles after
having disinfected the skin of the animal
with 70% ethanol] (33), each rat was
injected in the dorsal region in four sites
(0.1ml in three sits and 0.2ml in the fourth
sit (32).

The first Group of animals was injected
subcutaneously with normal saline as
control. The second group (G2) was
immunized with FA emulsion (industrial
biotechnology, Germany), and whole killed
bacteria. G3 was immunized with CFA and
crude antigens of bacteria. G4 was
immunized with Nigella sativa oil adjuvant
with whole killed bacteria and G5 was
immunized with N. sativa oil adjuvant with
crude antigens of bacteria. Concerning the
booster dose, all groups were injected
subcutaneously using the same adjuvant
vaccine 14 days later of the first injection,
except the Freund's vaccine adjuvant groups
which were injected with incomplete
Freund's vaccine adjuvant (IFA) in the
second dose.

Blood samples and plasma collection

Blood samples were collected on day
fourteen after each injection, using tubes
with heparin to measure the total and
differential white blood cells. For plasma,
collecting tubes were inverted eight times
followed by centrifugation at 300 RPM in
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10 min at 20°C. The tubes were stored at -
20°C until analysis (34).

Total and differential leukocyte count

The total leukocyte count was performed
using a Neubauer counting chamber
according to (35). Whereas, the differential
leukocyte count was carried out using blood
smears stained with Giemsa stain according
to (36).

Measurement of the concentration of 1L-4
and IFN-y

The concentration of cytokines (IL-4 and
IFN-y) was measured in the plasma of rats
using ELISA kits purchased from (Bioassay
Technology Laboratory/ China), these kits
utilized the quantitative sandwich enzyme
Immunoassay according to the
manufacturer’s protocol. Cytokine protein
quantification was determined by comparing
samples to the standard curve generated
from the respective kits.

Statistical analysis

The statistical analysis of results to
determine whether differences exist among
the means of five groups was performed
using GraphPad Prism version 8.
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Results

Changes in total and differential
leukocyte counts according to type of used
vaccine adjuvant

Concerning total leukocyte count the count
was increased in all adjuvant groups
compared with a control group and these
increases were statistically significant in
(G1, G3, G4) groups, Table (1), and (Figure
(1). The leukocyte differential count was
performed for five main types of leukocytes,
i.e., neutrophils, eosinophils, basophils,
monocytes, and lymphocytes, and variably
increased in WBC differentials, (Table 1,
and Figure 2).

The analysis of hematological data revealed
that all groups have no increase in
neutrophil percentage. The lymphocyte was
increased in the group of N. sativa oil
adjuvant and was statistically significant in
(G4). Monocyte percentage revealed
increase in two groups in Freund's vaccine
adjuvant. While, all groups have no
significant increase in eosinophil and no
change in basophil (zero value).
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Table 1. Hematological parameters (WBC and differential count), induced by two types of vaccine

adjuvants compared with the negative control group
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Figure (1): Total white blood cells count in different groups
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Figure (2): Effects of different adjuvants on the differential white blood cell count
Cytokine measurement shown in Table (2). In addition, the

ratio of IFN-y to IL-4 was determined

The concentration of IFN-y and I1L-4 o
as a secondary indicator for the type

in the two types of vaccine adjuvant ,
of response, according to (37, 38)

after the second subcutaneous doses is
who noted that the response was
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considered as a Thl if the IFN-y /IL-4
ratio exceeded one. However, a Th2
response if the ratio was less than one.
The ratio of IFN-y to IL-4 indicated
the humoral responses in (GI, G2,
G4, G5), however, the ratio of G3

represents cellular responses, (Table

2).

The concentration of IL-4 in G4 and
G5 was
(Figure 4). Regarding the IFN-y the

statistically ~ significant

increase was statistically significant in

G3 and G4, (Figure 3).

Table 2. The concentration of IFN-y and IL-4 of different vaccine adjuvants and the ratio of the two

interleukins compared with control

Groups IL-4 IFN-y IFN-y /IL-4

G1 32.105+4.77215 30.66+3.6085 0.967+0.137

G2 170.04 +119.56 59.28+7.08929 0.50154+0.4853
ns ns

G3 130.133 + 108.25 144.975+ 55.1537 3.5807+3.448
ns sokeosk

G4 62.09+11.0305 40.07+7.14681 0.6586+0.1464
skskeosksk %

G5 49.301344.79651 32.9838+4.95629 0.674+0.1209

k3k

ns

All data presented as mean + standard deviation of the interleukins

*EEE P <0.0001, *** P <0.001, ** P<0.0 1, * P <0.05, ns not significant
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Discussion

The effects of medicinal plants on various
animals' immune systems are well-
established and verified (39). These are
impacted by non-specific immune activation
that affects the host's humoral or cellular
immune system (40).

Medicinal plants that have a good effect and

no side effects have been frequently
recommended (41). One such plant is
Nigella sativa, which has a nonspecific
immunostimulant effect. Several studies
have demonstrated that Nigella sativa oil
can stimulate humoral and cellular immune
responses (29).

In the current investigation, Gram-negative
bacteria antigen was added to N. sativa
essential oils as an adjuvant. The findings
were evaluated two weeks after two
vaccination doses, and the results were
compared with the gold standard, Freund's
vaccine adjuvant (FA).

According to (42), the innate immune
response is the first line of defense for the
host. Adjuvants may trigger innate immune
responses at the injection site. Adjuvants
may alter the type and amount of adaptive
immune responses, such as leukocytes,
which are white blood cells that are essential
to the body's defensive mechanism, based on
the innate reactions that have been triggered
(43). When there is inflammation, risks are
removed from the site of infection or
damage by inflammatory cells such as
neutrophils and  monocytes, other
leukocytes, and plasma components (44).
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Similar to the findings reported by (45),
the results demonstrated a considerable rise
in the total WBC count following the
injection of Freund's vaccine adjuvant (FA)
in two groups compared with the normal
control group. Overall white blood cell
counts increased significantly, particularly
monocyte  counts, which  increased
statistically significantly in the two FA
groups. (46) earlier reported similar results,
noting that the presence of Mycobacterium
spp. antigens in CFA elveated this relative to
control groups (47). They also noticed a
higher ratio of monocytes to lymphocytes.
Comparing the eosinophil findings with the
control group, the adjuvant effect of the FA
vaccination was not statistically significant.
However, the basophil outcome was zero for
all groups. While, checking the stained
smear, these results are comparable to that
recorded by (48).

Concerning the total WBC count of N
sativa groups, the increase is significant in
the group of N. sativa with whole killed
bacteria and a non-significant increase with
sonicated bacterial antigen compared with
normal control, similar results were recorded
by (40). Moreover, there was an increase in
total white blood cells, especially
lymphocytes in the two groups of Nigella
sativa oil adjuvant. There was a significant
increase with whole bacteria antigen and no
significant with sonicated antigen. The two
groups have no significant changes in
monocyte counts, the result of eosinophil
and basophil similar to that reported by (49).

In response to damaging stimuli,
endogenous mediators carry out defensive
biological processes known as inflammatory
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responses. (50) state that cytokines are
among the most prevalent inflammatory
mediators. They are often released by
neutrophils and macrophages as well as by
the wounded tissue itself.

After being activated, CD4+ T helper cells
proceed on to develop into Thl or Th2 cells,
which secrete Thl cytokines (IL-2, IL-12,
IFN-y, and TNFa) and Th2 cytokines (IL-4,
IL-5, IL-10, and IL-13 with specialization).
Since the choice to differentiate into Thl or
Th2 cells ultimately tips the scales towards
the direction of a humoral or cellular
immune response, agents that can affect the
Th1/Th2 balance may be able to change how
the adaptive immune response plays out in a
variety of illnesses and medical conditions

(51).

According to the results, the adjuvant from
the N. sativa oil promoted the production of
Th2 cytokines more than Thl cytokines.
This finding is consistent with that published
by (49) and is comparable to that of (51).

Cell-mediated immunity is  primarily
stimulated by the mycobacterial component
of CFA, although antibody responses can be
significantly increased by emulsifying
antigens in paraffin oil or surfactant alone
IFA (52). Furthermore, (53) proposed that
IFA vaccination is an efficient way to
stimulate T-cell and antibody responses. On
the other hand, opinions about how well
vaccination with peptides in IFA induces T-
cell responses have diverged. Indeed, in
certain cases, a second dose of IFA
vaccination may result in a decrease in cell-
mediated responses (54).
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It is challenging to explain how the kind of
immunization agent affects the effect of the
vaccine adjuvant on immune responses
differently. The difference between soluble
protein and suspended intact bacteria in the
antigen may be the reason for this.
Furthermore, there might be a function for
chemical composition (55).

According to this research, the type of
antigen may influence how the body reacts
to the vaccine, explaining why the two types
of CFA have different immune responses:
CFA containing whole bacteria induces
humoral immunity. While, CFA containing
sonicated bacterial antigens induces cellular
immunity because free LPS stimulates
TLR4, which in turn causes TH1 (56), and
CFA containing killed bacteria induces
humoral immunity (57).

While, Freund's adjuvant stimulates cellular
immune responses, the N. sativa oil
vaccination adjuvant stimulates humoral
adaptive immunity when combined with
particulate antigen (dead bacteria) or soluble
sonicated bacteria.

Conclusion: Freund's adjuvant directs the
immunity toward cell-mediated immunity.
On the other hand, the N. S. adjuvant directs
the immunity toward humoral immunity.
This research is considered one of the
important studies in the field of immunity
using black seed oil (N.S.) as a natural
immune aid to induce adaptive and innate
immune responses and comparing it with the
manufactured vaccine, the use of the ELISA
test to detect innate and cellular immune
responses against foreign bodies is one of
the good tests for detecting concentrations of
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cytokines and interleukins. Another test can
be used for more advanced studies using
gene expression, through the use of Real-
time PCR.
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