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study showed that squalene as adjuvant contributed to the initiation of
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Introduction:-

The theory of stimulating the body’s immune response is the basis underlying vaccination. Vaccines act by initiating
the innate immune response and activating antigen presenting cells, thereby inducing a protective adaptive immune
response. Adjuvants are substances added to vaccines to enhance the immunogenicity of highly purified antigens
that have insufficientimmunostimulatory capabilities.Ithad been used in human vaccines for more than 90 years.
While early adjuvant oil-in-water emulsions (squalene) was used empirically, rapidly increasing knowledge on how
the immune system interacts with pathogens means that there is increased understanding of the role of adjuvants and
how the formulation of modern vaccines can be better tailored towards the desired clinical benefit (Alberta et al.,
2015). Adjuvants are often included in vaccines to enhance the recipient's immune response to a supplied antigen
while keeping the injected foreign material at a minimum dose (David and Andrew, 2009). Pandemic-influenza
vaccines containing split-inactivated-virus antigen have been formulated with the immunostimulatory adjuvant
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systemAS03. The administration of repeated doses of the AS03 vaccine was primarily associated with transient
mild inflammation at the injection site and draining lymph nodes. The biodistributionkinetics of AS03 constituents
were consistent with AS03 inducing this pattern of inflammation (Segalet al., 2015). The pathologic reaction to the
adjuvants starts at the injection site with mild erythema, muscles aches and swelling (Ho, 2009b), followed by tissue
necrosis, intense inflammation and granulomatous lesion (Viera, 2001). Adjuvants can break tolerance meaning and
they can disable the immune system to the degree that it loses its ability to distinguish what is ‘self” from what is
foreign. Normally, the immune system ignores the constituents of one’s own body, but if something happens to
break tolerance, the immune system turns relentlessly self-destructive and attacking the body (Jeff, 2015).
According to Asaet al. (2000)the damage is done by vaccines, particularly when potentiated by powerful
"immunoenhancers". It is a potent Thl-response-inducing adjuvant when formulated in a squalene oil-in-water
emulsion (Anthony et al., 2015). Barbroet al. (2000)reported that a single injection of the squalene as adjuvant into
rats triggered “chronic, immune-mediated joint-specific inflammation” also known as rheumatoid arthritis. Dueto
many pathologic changes that occurred after squalene immunization, the present study was planned to determine the
immune response and the histopathological changes in the lymph nodes of Albino rats.

Materials and methods:-

Animals:-

Young Albino rats weighing 65-70 gm were obtained from The Nile Company for Pharmaceutical and Chemical
Industries. After an acclimatization period of one week, the animals were housed in bottomed cages in a room under
standard conditions. They were provided with water and a balanced diet. All animals received care in compliance
with the Egyptian rules for animal protection.

Study design:-

Animals were divided into different treatment groups as follows: the first group (Con), the second group received
intramuscular injection of squalene adjuvant (Sgl, AS03) at the zero day and the third group received second
intramuscular injection dose at the 21% day (Sq2, AS03). Animals of all the treated groups vaccinated with 0.125ml,
the same dose of a human multiplied by conversation factor (0.018)/200 gm of body weight of rat according to Paget
and Barnes (1964). Animals of all groups were decapitated after 10 and 30 days post-treatment (n= 10). The
collected serum was assayed for immunological parameters.Lymph nodes of rats were carefully removed and
preparedto use for the various histopathological and histochemical determinations.

Immunological Studies: Cytokine Assays:-

Serum were harvested after 10-(Sql) and 30-(Sq2) days post-immunizationin order to estimate interferon
gamma(lFN-y) according to Kelder and Rashaidbaigi (1986),interleukin-10 (IL-10) according to Everson (2005) and
tumor necrosis factor(TNF-a) according to Brouckaert (1993) using a sandwich enzyme-linked immunosorbent
assay (ELISA).The resulting optical density was read on a microtitre plate reader (ELX-808, BioTek Instruments,
Winooski, VT, USA) with 450 nm wavelength correction.

Histological examinations of the lymph node:-

Lymph nodes of immunized rats were washed in saline and fixed in 10% neutral formalin, embedded in paraffin,
sectioned at 5 um and stained with haematoxylin and eosin stain according to the method of Drury and Wallington
(1980) and Mallory‘s trichrome stain according to the method of Pearse(1977).

Histochemical examinations of the lymph node:-

Lymph node tissues of immunized rats were prepared and stained with periodic acid Schiff technique according to
Pearse (1977) and mercuric bromophenol blue according to the method of Maziaet al.(1953) for light microscopic
observations.

Statistical analysis:-

Results were expressed as the mean + standard error of the mean (SEM). Data for multiple variable comparisons
were analyzed by one-way analysis of variance (ANOVA). For the comparison of significance between groups a
post hoc testwas used according to the statistical package program (SPSS version 17.0).
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Results:-

Immunological changes of cytokines:-

Interferon — gamma (INF - y):-

Results of Fig. 1 summarize the effect of squalene immunization that produced disturbances in interferon- gamma
level. In view of the present results, stimulation with squalene as adjuvant exhibited a significant (p <0.05) increase
in the INF —v level after the first (Sq1) and the second (Sg2) dose compared to the control group.
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Fig 1:- Comparative evaluation of interferon-Y level realized from squalene- immunized groups after the first (Sql)
and the second (Sg2) dose to non-immunized control group. (* p <0.05 vs. control group).

Interlukin-10 (Rat- IL-10):-

As shown in Fig. 2 immunization of squalene on given for zero and 21 days interval were produced elevation in
interleukin- 10level. Stimulation with squalene as adjuvant exhibited a significant increase in the IL- 10 compared to
the control group after the first (Sql) and the second (Sg2) dose of immunization. Deposit the fact that it recorded
higher values in squalene- immunized group after the second (Sg2) than squalene- immunized group after the first
(Sql) dose.
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Fig 2:- Comparative evaluation of interleukin-10 level realized from squalene- immunized groups after the first
(Sgl) and the second (Sg2) doseto non-immunized control group. (* p <0.05 vs. control group).
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Tumor necrosis factor(TNF)-alpha:-
In Fig. 3a significant increase (p<0.05) in TNF -a was observed all over the experimental periods of squalene-
immunized groups after the first (Sq1) and the second (Sg2) dose compared to the control group.
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Fig 3:- Comparative evaluation of tumor necrosis factor (TNF) -a level realized from squalene- immunized groups
after the first (Sq1) and the second (Sg2) dose to non-immunized control group. (* p <0.05 vs. control group).

Histopathological changes in rat lymph node tissue:-

Representative sections of the lymph node are shown in Fig. 4A-C and Fig. 5A—C. Lymph node tissue sections from
a rat of the control group stained with hematoxylin and eosin showed normal histological features capsule, cortex,
cortical follicle, germinal center, paracortex and medulla with medullary cords (Fig. 4A). Sections of squalene
treated group after the first dose (Sql) showing that lymph node lost its normal architecture, numerous degenerated
areas, dialated and congested blood sinus. Elongated medulary cords, fibrosis with bizarre arrangement of
lymphocytes in the cortex and medulla, deeply stained nuclei in numerous lymphocytes (pyknosis) and rupture of
the capsule are also noticed. Also, lymph node showed adisappearance of the cortical follicles and medullary cords
with numerous hemorrhagic areas (Fig. 4B). Otherwisesqualene treated group after the second dose (Sg2) showed
numerous of degenerated areas especially in the medulla, dialated and congested cortical and medullary sinus,
elongated medulary cords and large hemorrhagic areas inside and outside the lymph node.In addition lymph node
lost its normal architecture that's contained delaminated and distorted capsule, diffused stain affinity of lymphocytes
in the cortical follicle and numerous deeply stained nuclei (pyknotic) especially in the helium region (Fig. 4C).

The rat lymph node tissue of the control group at the present study that stained with Mallory’s trichrome stain
showed normal histological features with dense stain affinity of collagen fibers in the capsule and scattered bundles
in the cortex and medulla especially around the blood sinuses (Fig. 5A). Highly increased collagen fibers in and
around the capsule, cortex and in the medulla especially near the helium and in the degenerated areas were also
observed in squalene treated group after the first dose (Sql) (Fig. 5B).Sections of squalene treated group after the
second dose (Sg2) showed nearly occupied lymph node tissue with collagen fibers. Notice: large hemorrhagic areas
which acquired brightly red color (Fig. 5C).
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Fig 4:- Representative images of histopathological changes in rat lymph node tissue (H&E, original magnification
x 100,B2, B3x 200) (A-C), (n = 10 rats in each group). (A) Control group: 1- capsule, co -cortex, cf -cortical
follicle, gc germinal center, pc-paracortex, md -medulla, mc medullary cords. (B1, 2, 3)Squalene treated group
after the first dose (Sql): da -degenerated areas, bs - blood sinuses, mc -medulary cords, f —fibrosis, co —cortex,
md —medulla, pn -pyknosis, 1-capsule, Ha-hemorrhagic areas. (C1, 2)Squalene treated group after the second dose
(Sq2): da- degenerated areas, md —medulla, ms- medullary sinus, mc- medulary cords, ha- hemorrhagic areas, 1-
capsule, cf -cortical follicle, pn —pyknotic, h- helium region.
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Fig 5:- Representative images of histopathological changes in rat s lymph node tissue (Mallory’s trichrome stain,
original magnification x 100) (A—C), (n = 10 rats in each group). (A) Control group: 1- capsule, co- the cortex, md-
medulla, bs- blood sinuses. (B1, 2, 3) sections of squalene treated group after the first dose (Sql): 1- capsule, co-
cortex, md- medulla, h- helium, da- degenerated areas. (C1, 2) sections of squalene treated group after the second
dose (Sg2): ha- hemorrhagic areas.
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Histochemical changes in rat lymph node tissue:-

Results of histochemical changes in the lymph node are shown in Fig. 6A—C and Fig. 7A-C. Lymph node tissue of
rats of the control group stained with periodic acid Schiff’s reaction (PAS) showed normal distribution of PAS +ve
materials, notice: remarkable staining affinity in the capsule and walls of the blood sinuses (Fig. 6A), lymph node
tissue of the squalene treated group after the first dose (Sql) showed poorly stained lymphocytes in some cortical
areas and medulla, but other cortical follicles, the capsule, walls of the dilated blood sinuses and trabeculae are
deeply stained (Fig. 6 B). Our results further indicate that after the second dose (Sq2) treatment reduction of stain
affinity of PAS +ve materials in the cortex and medulla were observed, but degenerated areas were negatively
stained. Notice: thick walls of the blood sinuses (bs) were deeply stained (Fig. 6 C). Lymph node tissue of rats of the
control group stained with mercuric bromophenol blue showed normal distribution of total protein in the lymph
node tissue especially in the cortex and medulla, while dense staining affinity in the capsule, cortical follicle and
walls of the blood sinuses were also noticed (Fig. 7A). Highly reduced staining affinity of total protein in the lymph
node tissue with deeply stained capsule and negatively stained degenerated areas are noticed in squalene treated
group after the first dose (Sql) (Fig. 7B) and squalene treated group after the second dose (Sg2) (Fig. 7C).

(PAS), original magnification x 100) (A-C), (n = 10 rats in each group). (A) Control group:?-capsule, bs- blood
sinuses. (B)Squalene treated group after the first dose (Sql): co- cortical areas, md- medulla, cf- cortical follicles,
1- the capsule, bs- blood sinuses, th- trabeculae. (C1, 2)Squalene treated group after the second dose (Sg2): co-
cortex, md- medulla, da- degenerated areas, bs- blood sinuses.
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Fig 7:- Representative images of histochemical changes in rat lymph node tissue (mercuric bromophenol blue,
original magnification x 100) (A-C), (n = 10 rats in each group). (A) Control group: co- cortex, md- medulla, 1-
capsule, cf- cortical follicle, bs- blood sinuses. (B1, 2)Squalene treated group after the first dose (Sql): 1- capsule,

da- degenerated areas. (C)Squalene treated group after the second dose (Sg2): 1- capsule, da- degenerated areas.

Discussion:-

Many of the immunological changes appeared in the present study as significantly increased differences at 10 and 30
days post-immunization compared with control group,this result is in agreement with those of Calabroet
al.(2013)who stated that squalene oil-in-water emulsions elicit both cellular (Th1) and humoral (Th2) immune
responses, this class of adjuvants is believed to act through stimulation of cytokines and chemokines production by
macrophages and granulocytes. This investigations were explained byDidierlaurentet al. (2014) who declared that
the requirement of an adjuvant-induced inflammatory milieu was elegantly demonstrated in mice, where sequential
delivery of the adjuvant followed by protein antigenswere necessary to obtain antigen-specific immunity, thus the
adjuvantdeliveryseems capable of initiating inflammation to promote infiltration of circulating immune cells
(Calabroet al., 2013). Indeed, chemokines and cytokines were readily detected in mouse injected with distinct
adjuvants as early as 3 h post injection, in addition increased numbers of neutrophils have been found for up to 48 h
in adjuvant-injected mouse(Lu and Hogenesch, 2013). Also these results are in line with those of Monteiroet al.
(1998) who stated that the adjuvanted vaccine has been shown to contribute to proliferation of IFN- y production
and a cytolytic response after vaccination. Therefore, the high concentrations of IFN- y cytokines suggest that
adjuvanted vaccine was probably more effective in stimulation of naive CD8 cells and thus a cytotoxic response
than influenza infection (Huckriedeet al., 2005). The highly elevation of IFN- y recorded in the present work after
the second dose than the first one agrees with the results of Szyszkoet al. (2006) who emphasized that the virus
vaccine induced a significantly higher IFN- vy after the first and the second vaccinations in mice. In
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additionKosalaraksaet al. (2015)stated that immunogenicity against ASO03-adjuvanted vaccine and placebo-
controlled strain was assessed 21 days after the first and second vaccine doses for all vaccines, the adjuvanted
vaccine was more reactogenic than placebo. All of these findings may be due to immunostimulation action of
squalene as adjuvant, this investigation in agreement with those of Szyszkoet al. (2006) who had shown that
adjuvantedvaccine when prepared from inactivated virus it causes immunostimulation effect. The results of current
study showed elevation of IL-10 values that produced by squalene immunization all over the experimental periods.
Szyszkoet al.(2006)also reported that influenza vaccine induced a strong mixed cytokine response particularly in
induction of Th2 of cytokines especially after the second dose and substantially influences the magnitude and
quality of the immune response in addition to the expression of type 2 cytokine. Rather than Karen et al. (2013)
recorded that splenocytes from mice received intramuscular injection of influenza A/ vaccine formulated with AS03
produced higher levels of 1L-10 than those from mice immunized with antigen alone. This adjuvant stimulates
leukocyte recruitment, antigen transport to drain lymph nodes and stimulate lymphocyte priming (Seubertet al.,
2011). In the present work a higher significant increase of TNF-a produced by squalene stimulation were realized at
different intervals (21 and 42 days post-stimulation), these results were accepted by Liang et al. (2015)who stated
thatinduction of an efficient vaccine response requires some degrees of local inflammation to trigger and support the
sequence of immunological events leading to the adaptive immunity.Vaccine adjuvants administered to the muscle
have a central role in inducing transient inflammation at the delivery site that promotes immune cell recruitment and
activation, this inflammation likely leads to better vaccine antigen uptake by critical infiltrating cell types and
migration of vaccine-loaded cells to the draining lymph nodes (dLNs) to establish the adaptive immunity. In
addition Szyszkoet al. (2006) stated that all the four inflamatory cytokines (GM-CSF, IL-1pB, IL-6 and TNF-a) were
elevated in vaccinated mice. Generally, the vaccine caused autoimmunity and inflammatory diseases may be due to
over immunostimulation and inflammatory action of squalene as adjuvant that demonstrated by high elevation of
TNF-a, this suggestion comes in the same line with those of Eidet al. (2015). These autoimmunity and inflammatory
effects of the adjuvanted vaccine are correlated to many inflammatory diseases such as arthritis, granulomatous
lesion, atherosclerosis, inflammatory bowel disease (Mukhopadhyayet al., 2012) and other diseases that
accompanied by macrophage elevation (Ho, 2009a).Harold (2005) stated that the adjuvant causes a variety of
proinflammatory cytokines including interleukin (IL-10), tumor necrosis factor (TNF), IL-6, IL-12 and CXCLS8 (IL-
8).The author added that the secretion of IL-12 by dendritic cells (DC) generate a TH1 response through IFN-y
induction in T cells. As well as the adjuvantcauses immune-stimulating complexes (ISCOMs1) (Gomez-Vargas et
al., 2004).

Lymph node tissues of the present study showed many drastic changes of the enlarged lymph node that lost its
normal architecture in squalene — treated group after the first dose,this result in agreement with those of Ann et al.
(2012) who found that morphologic changes occurring in germinal centers and paracortical follicles of draining
lymph nodes at two intervals after sensitization of guinea pigs with adjuvant. Numerous pyknotic nuclei were
observed in cells of the lymph node tissue in the present study after the second dose,which is in agreement with the
opinion ofEidet al. (2015). Otherwise Viera (2001)who found that the adjuvant induced cytotoxic T-lymphocyte
(CTL), some types were found in mesenteric lymph nodes and in the spleen.All of these notifications may be due to
squalene as adjuvant and this suggestion is in agreement with those of Viera (2001) who documented that the
pathologic reaction to the adjuvants starts at the injection site with mild erythema and swelling followed by tissue
necrosis, intense inflammation and the usual progression to the formation of a granulomatous lesion.This also may
clear the presence of fibrosis in squalene — treated groups, where granuloma is a medical term for collection
of macrophages(Mukhopadhyayet al. 2012).Highly elevated collagen fibers were realized in the present study in
addition to nearly occupied lymph node tissue with collagen fibers in squalene — treated group after the second dose
was also realized by Kandeal (2016) under different factors. All of these investigations may be due to the
detrimental effects on the tissue, granulomatous lesion and lymphoma formation as overstimulation of immune
responses. This was mentioned by Hirano (2012) who found that injection of Bordetella pertussis vaccine
augmented growth of a lymphoma cell that causes cell death. Reduced stain affinity of total protein may be due to
damaged protein molecules by detrimental and toxic action of vaccine components such as squalene this suggestion
comes in the same line with those of Eidet al. (2015). This finding is in accordance with those of Kapyahoet al.
(1983) who reported that decreased protein synthesis could be attributed to degeneration of cellular tissues. In
addition to vacoulation and degeneration caused by tissue toxicity of squalene in this study which is responsible for
decreased protein content in the lymph node tissue, these suggestion comes in the same line with those of Abdel -
Rahmanet al. (2013)who found that sections of squalene as adjuvant, exposed brains showed vacuolation and
degenerated neurons as well as necrotic and apoptotic neurons in hypothalamus, striatum and cerebral cortex.
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According to Khaki et al. (2006) decreased polysaccharides content in the present study may be related to
lymphoma activation and fibrosis.

Conclusions:-

From the presented data it could be concluded that squalene as adjuvant that used in many vaccines showed a higher
immune potential after two doses than one only. Despite the adverse events induced post administration of squalene
that showed slowly recovery after long period effect. Squalene as adjuvant showed a drastic immunoological
changes in addition to the sever immunohistological and histopathological changes.
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