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Abstract

The pandemic flu (2009) is a global outbreak of a new
strain of H1N1 influenza virus that referred as "swine flu".
The 2009 flu pandemic vaccines (H1N1 vaccines) are the
biological preparation of influenza vaccines that have been
developed to protect and improve immunity against the
pandemic H1N1/09 virus. Squalene has been added to
vaccine as immunologic adjuvant to stimulate the immune
system, increase the response to the vaccine and reduce
amount of usage vaccine. Thimerosal has been added to
some vaccines as a preservative because it is effective in
preventing bacterial contamination, particularly in
multidose containers.  To investigate the possible
immunological effects of swine flu vaccine, Albino rats
were injected with H1N1 antigen contained thimerosal,
adjuvant and H1N1 vaccine. Results obtained in the present
study showed that squalene and thimerosal contributed to
the regiment of  adverse reactions and symptoms, which act
as detergents instead of its helper role of vaccine that
undergone toxicity effectors in the biological pathways
including; immunopathological and histopathological
effects; the damage was done by vaccine, particularly when
potentiated by powerful "immunoenhancers" caused a
strong immunostimulation that emphasized by results of
this research as well as its biological hazards which are
more pronounced when act  together as whole vaccine than
they act  individually so the adverse events that resulted
from treatment with squalene-adjuvanted vaccine are more
potent than those of either antigen or squalene- treated
groups.
Keywords:H1N1; Squalene; Vaccine.

1 Introduction

Virus spreads all over the world in seasonal epidemics
resulting in severe illness to million of cases yearly and
deaths as well (WHO, 2009b). A novel strain of H1N1
resulted when a triple reassortment of bird, pig and human
flu viruses combined with a Eurasian pig flu virus
(Trifonov et al., 2009). H1N1 flu virus cannot be spread by
eating pork (Huffstutter, 2009) or pork products (CDC,
2010). This new virus subtype is efficiently able to be
transmitted from human to human which has led to increase
the numbers of patients that cause pandemic influenza
(Gangurde et al., 2011). Influenza virus infection, one of
the most common infectious diseases, is a highly
contagious airborne disease that causes an acute febrile
illness and results in variable degrees of systemic
symptoms, ranging from mild fatigue to respiratory failure
and death. These symptoms contribute to significant loss of
workdays, human suffering, mortality and significant
morbidity (Islam and Rahman, 2010). The 2009 flu
pandemic vaccines developed to protect against the
pandemic H1N1virus. These vaccines either contain
inactivated (killed) influenza virus, or weakened live virus
that cannot cause influenza. The killed vaccine is injected,
while the live vaccine is given as a nasal spray (Marie-
Paule, 2009). Vaccines often contain other substances, for
example, vaccines may contain adjuvants that enhance
antigen-specific immune responses (e.g., squalene);
preservatives that prevent bacterial or fungal contamination
(eg, thimerosal), Pandemic-influenza vaccines containing
split-inactivated-virus antigen have been formulated with
the immunostimulatory adjuvant  system AS03 to enhance
the antigen immunogenicity and reduce antigen content per
dose, the administration of repeated doses of the AS03
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vaccine was primarily associated with transient mild
inflammation at the injection site and draining lymph
nodes. The biodistribution kinetics of AS03 constituents
were consistent with AS03 inducing this pattern of
inflammation (Segal 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). According to Asa et al. (2000) the damage is done
by vaccines, particularly when potentiated by powerful
"immunoenhancers" such as squalene. glucopyranosyl lipid
adjuvant (GLA) is a potent Th1-response-inducing adjuvant
when formulated in a squalene oil-in-water emulsion
(Anthony et al., 2015). The pathologic reaction to the
adjuvants starts at the injection site with mild erythema,
muscles aches and swelling (Ho, 2009a), 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. Immunologists call  this
tolerance; but if something happens to break tolerance, then
the immune system turns relentlessly self-destructive and
attacking the body it is supposed to defend (Jeff,
2015).Administration of vaccine was contributed to the
Guillain-Barre syndrome (Roan, 2009). A small number of
death was recorded shortly after the administration of the
H1N1 vaccine (WHO, 2009a). In Canada there had been 24
confirmed cases of anaphylactic shock following
vaccination, including one death (Smith, 2009). There is a
scientific evidence that the swine flu vaccine, especially the
squalene as adjuvant, caused serious injury and death.
Barbro et al. (2000) reported that a single injection of the
adjuvant squalene into rats triggered “chronic, immune-
mediated joint-specific inflammation” also known as
rheumatoid arthritis. When thimerosal is degraded or
metabolized, one product (ethyl mercury) is formed, an
organic derivative of mercury (NIAID, 2009). Otherwise
Sanfeliu et al. (2001) demonstrated that methylmercury
toxicity in neurons implicated to reactive oxygen species
(ROS) and depletion of intracellular glutathione as major
contributors to mercury-induced cytotoxicity.  In addition
the neurotoxicity of methyl mercury has been relatively
well studied (James et al., 2005). The use of thimerosal can
cause autism and other developmental disorders (Burton,
2003). Due to many pathologic changes that occurred after
exposure to H1N1 vaccine, the present study was planned
to determine the immune response and the
histopathological changes in the  splenic tissue of Albino
rats after H1N1 vaccine injection.

2 Materials and Methods

Experimental animals
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 divided into four groups (20 mice /group) and housed

in wire bottomed cages in a room under standard conditions
of illumination with a 12-hours light-dark cycle at 25±1ºC.
They were provided with water and a balanced diet. All
animals received care in compliance with the Egyptian
rules for animal protection.
Experimental protocol
Animals were divided into different treatment groups as
follows: the first group (Con), the second group received
intramuscular injection of H1N1 vaccine suspension
(antigen that contained thimerosal- (Thio- Ag)) at the zero
day, and the 21st day, the third group received
intramuscular injection of Adjuvant (Adj; AS03) at the zero
day, and the 21st day, the fourth group received a
intramuscular injection of whole H1N1 vaccine (mixture of
antigen and adjuvant- Mix) at the zero day, and the 21st
day. Animals of all the treated groups vaccinated with 0.5
ml, 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), in which each rat received 1.5 μl
of treatment dissolved in 498.5 μl saline, the doses were
prepared for 10 rats at each time. Animals of all groups;
Con, Thio- Ag, Adj and Mix were decapitated after 21 and
42 days post-treatment (n= 5). The spleens of rats were
carefully removed and prepared to use for the various
immunological and histopathological determinations.

Immunological Studies
Proliferation Assay:
Twenty-one days post vaccination, spleen tissues were
dissected from Con, Thio- Ag and Mix groups. Splenocytes
prepared for in- vitro stimulation assay with
phytoheamagglutinine and H1N1 vaccine according to
Forrest et al. (1996).
Cytokine Assays:
Supernatants were derived from the cultures of splenic
lymphocytes. Briefly, supernatants were harvested after 24
h , 48 h ,  96 h and 120 h , and assayed for the presence of
IFN-γ according to Kelder and Rashidbaigi (1986) , IL-10
according to Everson (2005)  and TNF-α 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.
Interferon Gamma (Rat-IFN-γ) ELISA Kit:
Supernatant IFN-γ was determined using rat interferon
gamma (Rat-IFN-γ) ELISA (Enzyme-Linked
Immunosorbent Assay) kit; it is an in vitro enzyme-linked
immunosorbent assay for the quantitative measurement of
Rat IFN-γ) cell lysate and tissue lysate method, PBL,
Immuno Biological Laboratories). (Code no. 43500-1,
v.1.3).

Interlukin-10 (Rat- IL-10) ELISA Kit:
Supernatant IL- 10 was determined using Rat IL-10 ELSA
(Enzyme-Linked Immunosorbent Assay) kit; it is an in
vitro enzyme-linked immunosorbent assay for the
quantitative measurement of Rat IL-10 cell lysate and
tissue lysate method, RayBio. (Cat. N.: ELR-IL10-001C).
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Rat TNF-alpha ELISA Kit:
Supernatant TNF-alpha was determined using rat TNF-
alpha ELSA (Enzyme-Linked Immunosorbent Assay) kit; it
is an in vitro enzyme-linked immunosorbent assay for the
quantitative measurement of Rat IL-10 cell lysate and
tissue lysate method, RayBio. (Cat. N.: ELR-TNFalpha-
001C).

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, Duncan's
test was used as a post hoc test according to the statistical
package program (SPSS version 17.0)

Histological study

Spleens of vaccinated rats were washed in saline and fixed
in 10% neutral formalin, embedded in paraffin, sectioned at
5 μm and stained with haematoxylin and eosin stain
according to the method of Drury and Wallington (1980),
Mallory‘s trichrome stain, periodic acid Schiff technique
(Pearse, 1977) and mercuric bromophenol blue (Mazia et
al., 1953) for light microscopic observations.
3  Results

Immunological Results:
Interferon – gamma (INF – γ):-

Figure 1 summarizes the effect of vaccination of
thiomersal- containing antigen and mixture of vaccine
ingredients was given for 21 days, in addition to in-vitro
stimulation with phytoheamagglutinine and H1N1vaccine
was given for 24, 48, 96 and 120 hours post-stimulation
were produced disturbances in interferon- gamma level. In
view of the present results, stimulation of splenic cells in-
vitro with phytoheamagglutinine exhibited a non significant
(p <0.05) increase in the INF – γ compared to the control
group after 24 and 48 hours post-stimulation, however it
exhibited a significant increase after 96 and 120 hours post-
stimulation.At the same time a significant increase (p<0.05)
in INF – γ was observed in flu vaccine (H1N1) in-vitro
stimulated cells all over the experimental periods.The
splenic cells of squalene- non adjuvanted flu vaccine and
squalene- adjuvanted flu vaccine groups induced a
significant increase (p<0.05) in the INF – γ compared to the
control group after 24, 48, 96 and 120 hours post-
stimulation. But the splenic cells of both groups when
stimulated in-vitro with phytoheamagglutinine showed a
significant increase compared to the control group, after 24,
48, 96 and 120 hours post-stimulation. A significant
increase in the INF – γ was observed after in vitro
stimulation all over the experimental periods. The INF – γ
level was elevated respectively in these groups as the

following: squalene- non adjuvanted flu vaccine then
squalene- adjuvanted flu vaccine.

Figure 1: Comparative evaluation of interleukin-10 level realized from
spleenic cells of non immunized control, squalene- non adjuvanted flu
vaccine and squalene- adjuvanted flu vaccine groups to
phytoheamagglutinine and flu vaccine (H1N1) stimulated cells. vaccine.*,
significant change at p <0.05 with respect to Con group.
Interleukin- 10 (IL- 10):-
As shown in Figure 2, vaccination of thiomersal-
containing antigen and mixture of vaccine ingredients
on given for 21 days, in addition to in-vitro stimulation
with phytoheamagglutinine and H1N1 vaccine at 24,
48, 96 and 120 hours post-stimulation were produced
elevation in interleukin- 10 level. Stimulation of splenic
cells in-vitro with phytoheamagglutinine exhibited a
non significant increase in the IL- 10 compared to the
control group after 24 hours post-stimulation, but they
exhibited a significant increase after 48, 96 and 120
hours post-stimulation, on the other hand a significant
increase (p<0.05) in IL- 10 was observed in flu vaccine
(H1N1) in-vitro stimulated cells after 24, 48, 96 and
120 hours of stimulation. The splenic cells of squalene-
non adjuvanted flu vaccine squalene- adjuvanted flu
vaccine groups induced a significant increase (p<0.05)
in the IL- 10 compared to the control group after24, 48,
96 and 120 hours post-stimulation respectively. At the
same time the splenic cells of these groups when
stimulated in-vitro either with phytoheamagglutinine or
flu vaccine, they showed a significant increase in the
IL- 10 compared to the control group.  The IL- 10
percentage in these groups recorded higher values than
that of non immunized control group. Deposit the fact
that it recorded higher values in squalene- non
adjuvanted flu vaccine group than squalene- adjuvanted
flu vaccine group.

Figure 2: Comparative evaluation of interleukin-10 level realized from
spleenic cells of non immunized control, squalene- non adjuvanted flu
vaccine and squalene- adjuvanted flu vaccine groups to
phytoheamagglutinine and flu vaccine (H1N1) stimulated cells. vaccine.*,
significant change at p <0.05 with respect to Con group.
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Tumor necrosis factor (TNF)- α:-
In Figure (3) a significant increase (p<0.05) in TNF -α was

observed in phytoheamagglutinine and flu vaccine (H1N1)
in-vitro stimulated  splenic cells after 24, 48, 96 and 120
hours of stimulation.
The splenic cells of squalene- non adjuvanted flu vaccine
group and squalene- adjuvanted flu vaccine group induced
a significant increase (p<0.05) in the TNF -α compared to
the control group. Although, in-vitro stimulation of the
splenic cells of these two groups   with
phytoheamagglutinine or with flu vaccine showed a
significant increase in the TNF -α compared to the control
group.
The TNF -α percentage was elevated respectively as the
following: non stimulated flu vaccine groups then
phytoheamagglutinine stimulated groups and finally flu
vaccine stimulated groups. While squalene- adjuvanted flu
vaccine group recorded higher values than those of
squalene- adjuvanted flu vaccine group according to the
previous degradation.

Figure 3: Comparative evaluation of tumor necrosis factor (TNF) -α level
realized from spleenic cells of non immunized control, squalene- non
adjuvanted flu vaccine and squalene- adjuvanted flu vaccine groups to
phytoheamagglutinine and flu vaccine (H1N) stimulated cells. vaccine.*,
significant change at p <0.05 with respect to Con group.

The histopathological observations:
The histological alterations are shown in Figures 4-7.
4  Discussion

Immunological Changes:
1- Interferon-gamma (IFN-γ):-
The results of the current experiment showed non

significantly increased differences in values of IFN-
γ produced by phytohaemagglutinin (PHA)-stimulated
splenocytes of non immunized control group at 24 and 48
hours post-stimulation, but exhibited significant increased
differences at 96 and 120 hours post-stimulation compared
with negative control group. These results are in line with
those of Picker et al. (1995). PHA produces a wide range of
both Th1 and Th2 cytokines, e.g., for TNF-α, IFN-γ and IL-
10 (Kowalczyk et al., 1997).
The present experiment showed significant increased
differences in values of IFN- γ produced by
phytohaemagglutinin (PHA) - stimulated splenocytes of all
the treated groups at different intervals (24, 48, 96 and 120
hours post-stimulation), this is may be due to
immunostimulation action of (PHA) and vaccine

components. These results are in line with those of Chopra
et al. (1997) who stated that the splenic cells were
stimulated in vitro with phytohaemagglutinin (PHA), were
able to induce the release of interferon-gamma (IFN-
gamma)  which was found to increase with time and it
reached its peak values on the seventh day after
stimulation. Influenza vaccine has been shown to contribute
to proliferation of IFN- γ production and a cytolytic
response after vaccination (Monteiro et al., 1998).
Therefore, the high concentrations of IFN- γ cytokines
suggest that vaccine was probably more effective in
stimulation of naive CD8 cells and thus a cytotoxic
response than influenza infection (Huckriede et al., 2005).
The present study showed significantly increased
differences in values of IFN- γ produced by flu vaccine
(H1N1) –stimulated splenocytes than those produced by
phytohaemagglutinin (PHA) -stimulated splenocytes of non
immunized control group and squalene non adjuvanted flu
vaccine (H1N1) immunized group. These results are in line
with those of Diaz-Sanchez et al. (1993) who stated that
IFN-gamma production by phytohaemagglutinin (PHA) -
stimulated splenocytes or purified splenic T cells was
substantially reduced as compared with animals which
were given antigen.
In the present study elevation of IFN- γ values of flu
vaccine (H1N1) –stimulated splenocytes of non immunized
control group and squalene- non adjuvanted flu vaccine
(H1N1) immunized group were observed 24 and 48 hours
post-stimulation then declined after this at 96 and 120
hours post-stimulation, this may be due to
immunosuppression action of thimerosal. This investigation
is in agreement with those of Vetvicka and Vetvickova
(2009) who reported that the elevation of IFN-g declined
due to suppression of both cellular and humoral responses
but a significant increase was seen again after 14 days of
treatment and  they added that this is may be due to the
organic mercurials that are directly responsible for the
immunosuppressive effect and it is contribute to the
autoimmune reaction and also this is due to the rapid
transformation of ethyl Hg and methyl Hg in the body to
inorganic Hg (mercuric mercury), which reached a
maximum after 14 days thimerosal treatment.
The present study showed significant increased values of
IFN- γ produced by flu vaccine (H1N1) -stimulated
splenocytes of squalene- adjuvanted flu vaccine (H1N1)
immunized group at different intervals. The elevation of
IFN- γ recorded in the present work agrees with the results
of Szyszko et al. (2006) who emphasized that the virus
vaccine induced a significantly higher IFN- γ after the first
and the second vaccinations in mice.
All of these findings may be due to combined action of
inactivated virus, thimerosal and squalene as adjuvant, this
investigation in agreement with those of Szyszko et al.
(2006) who had shown that inactivated virus when added to
vaccine it causes immunostimulation effect.
As well as the adjuvant causes immune-stimulating
complexes (ISCOMs1) (Gomez-Vargas et al., 2004).
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Figure 4: (A) Normal histological features of splenic tissue of the control group stained with hematoxylin and eosin, it consists of the
capsule, white pulps (wp) with the central arteries (ca), trabeculea (tb) and red pulps (rp), vascular organization and cellular
composition (100X). (B) Sections of thiomersal- containning antigen exposed spleen after the 1st dose showed increased  number of
connected white pulps (wp), increased proliferation of lymphocytes in them, normal central artery and red pulps (rp) with dilated and
elongated trabecular vein (tv)  (50X). (C) thiomersal- containning antigen exposed spleen after the 2nd dose showed poorly stained
lymphocytes (L) and walls of central arteries (ca) of the white pulps (wp). Numerous haemosidrin granules (hg) in the red pulps (rp)
and some degenerated areas (da) (50X). (D) Sections of adjuvant treated spleen tissue after the 1st dose showed loss of normal
architecture of the splenic tissue with highly disturbed white pulps (wp), thickened trabeculea (tb) with highly dilated and elongated
trabecular vein (tv) which contained  haemolysed RBCs and lots of WBCs. Notice: Highly thickened wall of the central artery with
narrow lumen (ca) (50X). (E) Sections of adjuvant treated spleen tissue after the 2nd dose showed numerous necrotic areas (na),
distorted white pulps (wp), destructed walls ofthe central arteries(ca), numerous haemosidrin granules (hg) and pools of haemolyzed
RBCs andhighly widened and elongated trabecular vein (tv) with ruptured endothelial lining (e) of it. It contained haemolyzed RBCs
(1E X50; 2E X100). (F) Sections of H1N1 vaccine exposed spleen after the 1st dose showed  increased proliferation of the adjacent
white pulps (wp) with highly elongated, branched and thickened walls of the central arteries (ca),normal red pulps (rp) and highly
dilated trabecular vein (tv) which contains haemolyzed WBCs and RBCs(     )  (50X). (G) Sections of H1N1 vaccine exposed spleen
after the 2nd dose showed highly thickened walls of splenic arteries (sa), splenic veins (sv), destructed walls of the central arteries (ca)
bizarre structure and distribution of the white pulps (wp), while others appeared somewhat normal, thickened trabecular walls (tb),
numerous degenerated areas (da), pools of degenerated RBCswith numerous haemosidrin granules (hg) (50X).
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Figure 5: (A) Normal histological features of splenic tissue of control group stained with Mallory’s trichrome stain showed thin
collagen bundles supporting the capsule (              ), red pulps (Rp) and white pulps (wp). (B) Sections of thiomersal-
containning antigen exposed spleen after the 1st dose showed highly increased collagen bundles in the thickened capsule ( ),
trabeculea (tb), walls of blood vessels (bv),red (rp) and white (wp) pulps. (C) thiomersal- containning antigen exposed spleen after the
2nd dose) showed increased collagen fibers in the red (rp) and white (wp) pulps especially in and around the wall of the central arteries
(ca). (D) Sections of adjuvant treated spleen tissue after the 1st dose showed increased collagen bundles especially under the capsule (
) and trabecule (tb), wall of blood vessels (bv), and through red (rp) and white pulps (wp). (E) Sections of adjuvant treated spleen
tissue after the 2nd dose and (F) Sections of H1N1 vaccine exposed spleen after the 1st dose showed highly increased collagen bundles
in the splenic tissue and brightly stained pools of RBCs. (G) Sections of H1N1 vaccine exposed spleen after the 2nd dose showed
increased collagen bundles in the splenic tissue especially around the splenic artery (sa), in and under the capsule ( ) and in the
red (rp) and white (wp) pulps. (50X).



Journal of Bioscience and Applied Research ,2015 Vol.1, No.3, PP.113-126 pISSN: 2356-9174, eISSN: 2356-9182 119

Figure 6: (A) Normal histological features of splenic tissue of control group showed normal distribution of total protein in the splenic
tissue. Notice: deeply stained capsule             (               ), trabeculea (tb) and wall of the central arteries (ca) (100X). (B) Sections of
thiomersal- containning antigen exposed spleen after the 1st dose showed poorly stained trabeculea (tb), red (rp) and white (wp) pulps
with moderately stained capsule (               )  . (C) thiomersal- containning antigen exposed spleen after the 2nd dose showed highly
decreased total protein in the splenic tissue with negatively stained degenerated areas (da). Notice: deeply stained haemosidrin
granules (hg) in the red pulps (rp) and moderately stained walls of the blood vessels (bv). (D) Sections of adjuvant treated spleen tissue
after the 1st dose) showed reduced stain affinity in and under the capsule (             ), in the red (rp) and white (wp) pulps with
moderately stained trabeculea (tb) and walls of the blood vessels (bv). Reduced stain affinity of total protein was detected in (E)
Sections of adjuvant treated spleen tissue after the 2nd dose, (F) Sections of H1N1 vaccine exposed spleen after the 1st dose. And (G)
Sections of H1N1 vaccine exposed spleen after the 2nd dose. Notice: walls of the blood vessels were moderately stained. (50X).
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Figure 7: (A) Normal histological features of splenic tissue of control group showed normal distribution of PAS positive materials in
the splenic tissue. Notice: deeply stained walls of the central arteries (ca) (100X). (B) Sections of thiomersal- containning antigen
exposed spleen after the 1st dose showed highly thickened and deeply stained trabeculea (tb), numerous haemosidrin granules (hg),
depleted RBCs and WBCs ( ) insid the trabecular vein (tv) and in the red (rp) & white pulps (wp). Degenerated areas (da) are
negatively stained (50X). (C) thiomersal- containning antigen exposed spleen after the 2nd dose showed the red pulps (rp) containing
homogenous red color indicating haemolysed RBCs and numerous haemosidrin granules (hg). Notice: haemolyzed blood cells inside
the artery (sa) and the white pulps (wp) which showed diffused stain affinity and the negatively stained degenerated areas (da) (50X).
(D) Sections of adjuvant treated spleen tissue after the 1st dose showed deeply stained walls of the splenic vein (sv), artery (sa),
trabeculea (tb) and walls of trabecular veins (tv), central arteries (ca) with reduced stain affinity in red (rp) and white pulps (wp) and
negatively stained degenerated areas (da) with lots of haemosidrin granules (hg)  (1DPAS X 100 and 2D,3D PAS X 50). (E) Sections
of adjuvant treated spleen tissue after the 2nd dose showed faintly stained PAS +ve materials in the white pulps (wp) and numerous
haemosidrin granules (hg) in the red pulps (rp) and insid the blood vessels (bv). Notice: Highly thickened and deeply stained
trabeculea (tb) (50X). (F) Sections of H1N1 vaccine exposed spleen after the 1st dose showed normal stain affinity of PAS +ve
materials in some white pulps (wp), while highly decreased stain affinity was detected in the red pulps (rp) and the remnant of white
pulps. Walls of the trabeculea (tb) and thickened central artery (ca) showed dense stain affinity, while haemolysed blood cells (      )
inside the highly dilated trabecular vein (tv) are poorly stained (50X). (G) Sections of H1N1 vaccine exposed spleen after the 2nd dose
showed somewhat normal stain affinity of PAS +ve materials in the white pulps (wp), but haemolysed RBCs in the red pulps (rp)
acquired diffused red color and numerous haemosidrin granules (hg). Highly thickened walls of the blood vessels (bv) and trabeculea
(tb) acquired deep red coloration (50X).
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2- interleukin10 (IL-10):-
In the present study values of IL-10 produced by phytohaemagglutinin (PHA) -stimulated splenocytes of non immunized
control group showed a non significant increased difference
after 24 hour stimulation, while they showed significant
increased differences at different intervals (48, 96 and 120
hours post-stimulation). These results are supported by
those of Carter and Swain (1997) who stated that
stimulation for 24 h with PHA induced a non significant
increase in the frequency of IL-10-producing cells. While a
significant increase of IL-10 expression was detected at 48
h PHA stimulation (Jarołsaw et al., 2001).
The results of current study showed elevation of IL-10

values that produced by phytohaemagglutinin (PHA) -
stimulated splenocytes of all the treated groups at different
intervals (24, 48, 96 and 120 hours post-stimulation). These
results are in the same line with those of Ahmed and Yehia
(2007) who found that the interleukin-10 (IL-10) in the
splenocytes cultures was pulsed with phytohaemagglutinin
(PHA) stimulation.
In the recent study the elevation of IL-10 values of flu
vaccine (H1N1) –stimulated splenocytes of non immunized
control group and squalene non adjuvanted flu vaccine
(H1N1) immunized group were observed at different
intervals (24, 48, 96 and 120 hours post-stimulation), this
may be due to presence of thimerosal. This investigation is
supported by Anshu et al. (2007) who documented that the
thimerosal induced increased TH2 and may result in
abnormal immunologic responses, including allergy and
autoimmunity.  Otherwise, the elevation of IL-10 produced
by (H1N1) vaccine in the present study may be due to
addition of inactivated virus to the vaccine this notification
come as same line with those of Szyszko et al.  (2006) who
reported that the studies in animals and humans had shown
that addition of small amounts virus to the subunit vaccine
had a potentiating effect on the humoral immune response.
The present study showed a significant increase in values
of IL-10 produced by flu vaccine (H1N1) -stimulated
splenocytes of squalene- adjuvanted flu vaccine (H1N1)
immunized group at different time intervals. These results
are in agreement with those of Szyszko et al.  (2006) who
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. The cytokines profile in stimulated splenocytes
was investigated as IL-10 to the type 2 response.
Squalene mediated Th2 antibody responses (Baudner et al.,
2009), because it successfully augment influenza vaccines
(Dormitzer et al., 2011). In the current study the value of
IL-10 produced by flu vaccine (H1N1) -stimulated
splenocytes of squalene- adjuvanted flu vaccine (H1N1)
immunized group showed the highest significant increase at
120 hours post-stimulation (in which the spleen harvested
and stimulated after 21 days of vaccination). These results
agree with those of Szyszko et al. (2006) who stated that
the expression of type 2 cytokine after the first and the
second dose of whole vaccine resulted in clearly elevated
expression of IL-10. The peak concentrations were reached
at day 25 after one dose of vaccine.

3- Tumor Necrosis Factor (TNF-α):-
The cytokines profile in stimulated splenocytes was
investigated as TNF-αas markers for the inflammatory
response (Szyszko et al., 2006). In the present study the
values of TNF-α produced by phytohaemagglutinin (PHA)
-stimulated splenocytes of non immunized control group
and all the treated groups showed significant increased
difference at different intervals (24, 48, 96 and 120 hours
post-stimulation). These results are in agreement with those
of Carter and Swain (1997) who stated that T lymphocytes
were stimulated with PHA increased TNF-α cytokine
production after 24h post stimulation. PHA was the most
potent activator of lymphocytes and monocytes for the
production of TNF-α (Jarołsaw et al., 2001).
In the recent study, the elevation of TNF-α values of flu
vaccine (H1N1) –stimulated splenocytes of non immunized
control group and squalene- non adjuvanted flu vaccine
(H1N1) immunized group were observed at different
intervals (24, 48, 96 and 120 hours post-stimulation). This
result may be due to the action of inactivated virus of
vaccine in addition to the effect of thimerosal which plays
an essential role in the initiation of allergic condition. This
investigation is in agreement with the finding of Migdal et
al. (2010) who stated that thimerosal induced dendritic cell
(DC) activation, as monitored by overexpression of tumor
necrosis factor-α. As well as it can stimulate human mast
cells to release vascular endothelial growth factor (VEGF),
which is also vasoactive and proinflammatory factor (Asadi
et al., 2010).
In the present work a higher significant increase of TNF-α
produced by flu vaccine (H1N1) -stimulated splenocytes of
squalene- adjuvanted flu vaccine (H1N1) immunized group
at different intervals (24, 48, 96 and 120 hours post-
stimulation) were realized at different intervals (24, 48, 96
and 120 hours post-stimulation), these results were
accepted by Szyszko et al. (2006) who stated that all the
four inflamatory cytokines (GM-CSF, IL-1β, IL-6 and
TNF-α) were elevated in vaccinated mice. Generally, the
vaccine caused autoimmunity and inflammatory diseases
may be due to over immunostimulation and inflammatory
action of thimerosal and squalene as adjuvant that
demonstrated by high elevation of TNF-α in the current
study this suggestion comes in the same line with those of
Szyszko et al. (2006) who found that  whole vaccine
induced high levels of TNF-αcytokines. This is may be due
to autoimmunity and inflammatory effect of the vaccine
that correlated to many inflammatory diseases that caused
by vaccine such as arthritis, granulomatous lesion,
atherosclerosis, inflammatory bowel disease
(Mukhopadhyay et al., 2012).

The Histopathological and Histochemical Changes:
In the present study spleen of the suspension- treated
(squalene – non adjuvanted vaccine) rats showed many
drastic changes in the white pulps. These changes include:
increased number of connected white pulps with increased
proliferation of lymphocytes, dilated and elongated
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trabecular vein after the first dose of vaccination. These
results are in accordance with those of Haggqvist et al.
(2005) who found that the thimerosal- treated mice
expressed the initial decline in number of splenocytes
including T and B cells changed to an increase 9 days after
onset of the treatment with a strong immunostimulation
(Havarinasab et al., 2004) and become more higher again
after 30 days of treatment (Havarinasab et al., 2005).  The
dilated and elongated splenic vein was explained by Khaki
et al. (2006) who reported that decreased ribosomes,
glycogen granules and cristae of mitochondria may led to
corrugated membranes.
Mercury may cause cell proliferation (Nakashima et al.,
1994) by pertubating lymphocyte signaling (McCabe et al.,
1999) and by attenuating apoptosis of lymphocytes due to
interference with the Fas–Fas ligand interaction (McCabe
et al., 2003). In the the present study the splenic tissue of
suspension treated group after the second dose showed
poorly stained B-and T- lymphocytes with numerous
haemosidrin granules in the red pulps and some
degenerated areas. These changes may be due to the
thimerosal activity. These results agree with those of
Havarinasab et al. (2005) who concluded that the decrease
in spleenocytes may be attributed to injection of thimerosal
that caused 65% reduction in the number of T- and B-cells
in the spleen after many weeks of treatment. In addition,
the depletion of lymphocytes may be attributed to apoptosis
and necrotic death (Duvall and Wyllie, 1986). Humphrey et
al. (2005) noticed that thimerosal caused cytotoxicity by
initiation of mitochondrial-mediated apoptosis and cell
death as deleterious effects of it. This may explain the
appearance of degenerated areas and haemosidrin granules
observed in this study in the red pulps under the effect of
thimerosal on the cytoskeleton. Nunia et al. (2007) also
reported that changed membrane structures of the red blood
cell resulted in cell rupture and the leak of hemoglobin and
haemosidrin out of the cells. In addition to the toxic effect
of thimerosal that include released free oxygen radicals,
lipid peroxidation, reactive oxygen species (ROS) and
elevated level of nitric oxide (NO) were mentioned by
Abdel-Rahman et al. (2013). In such manner they added
that lipid peroxidation, mediated by free oxygen radicals, is
believed to be an important cause of destruction and
damage to cell membranes, this can explain and emphasize
presence of degenerated areas and haemosidrin granules in
the red pulps of splenic tissue in suspension treated groups
as thimerosal effect.
The splenic tissue of adjuvant- treated group (squalene –
treated group) in the present work after the first dose
showed loss of its normal architecture with highly disturbed
white pulps, thickened trabeculea, highly dilated and
elongated trabecular vein which contained haemolysed
RBCs and lots of WBCs, while the second dose showed
numerous necrotic areas, highly widened and elongated
trabecular vein with ruptured endothelial lining it also
contained haemolyzed RBCs and numerous micronuclei.
All of these findings may be related to squalene as
adjuvant. Adjuvants are foreign to the body and cause
adverse reactions (Viera, 2001), they have toxic effect at

the molecular level (Anthony, 2009) and cause a
morphological changes, including membrane alterations
and cell shrinkage (Harold, 2005).  The adjuvant of this
vaccine contributed to the cascade of reactions called "Gulf
War syndrome", documented in the soldiers involved in the
Gulf War. Some symptoms included arthritis, anaemia,
elevated ESR (erythrocyte sedimentation rate), systemic
lupus erythematosus, multiple sclerosis and ALS
(amyotrophic lateral sclerosis) (Viera, 2001).
The histopathological alternations that take place in splenic
tissue after adjuvant treatment was explained by Nancy et
al. (2004) who concluded that the inflammatory response
observed in rats with adjuvant-induced arthritis was
accompanied by significant biochemical changes of plasma
acid phosphatase and membrane-bound neuraminidase
activity after adjuvant injection. As well as adjuvant
increase vascular permeability that caused local tissue
destruction and result in systemic effects that include fever
(Harold, 2005). Increased permeability of cell membrane
caused osmotic swelling leading to erythrocyte haemolysis
(El-Beih et al., 1995). These results declare the inversed
haemolysis observed in the present study.
The progressive dilation and congestion of blood sinuses
observed in the present study was described by Melamed et
al. (2003) who reported that progressive dilation and
congestion of blood sinusoids could be considered as a
reactive change that may be related to the inhibitory effect
on the vascular smooth muscles which induced relaxation
and consequent vasodilatation. This vasodilatation and
increased vascular permeability should lead to loss of fluid
from the blood which would result in degeneration and
necrosis in the tissues and may be considered as a reaction
to progressive epithelial cell death and atrophy of the tissue
(Danz et al., 1998).
Adjuvant also generate cytotoxic T lymphocytes which
able to lyse target cells (Anthony and Allison, 2002) and
cause little tissue reaction as liposomes and immune-
stimulating complexes (ISCOMs1) (Gomez-Vargas et al,.
2004). As same as cytochrome c was shown to leak from
the mitochondria and cells undergoing both apoptosis and
necrosis, so adjuvant mediated cell death as toxic effects
(Humphrey et al., 2005).Burk et al. (1995) attributed
necrosis to the depletion of glutathione in the tissue, which
is one of vaccine effect (Abdel-Rahman et al., 2013).
squalene as adjuvant may also exhibit atherosclerosis in the
tissue (Natalie et al., 2001). Vaccine induced glomerular,
mesangial and systemic vessel wall immune- complex (IC)
deposits and antinuclear antibodies (ANA) (Havarinasab
and Hultman, 2006). All of these findings may be attributed
to the elongation of trabecular vein with ruptured
endothelial lining with occurrence of systemic vessel wall
IC deposits and atherosclerosis which mentioned as H1N1
vaccine symptoms and may emphasize the main cause of
these changes due to squalene- treatment.
In the present study increased proliferation of the white
pulps with highly elongated, branched and thickened wall
of the central arteries and highly dilated trabecular vein
which contained haemolysed blood cells were observed in
the splenic tissue of rats treated with suspension and
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adjuvant (squalene – adjuvanted vaccine) after the first
dose. Also, destructed walls of central arteries , bizarre
structure and distribution of white pulps, appearance of
numerous degenerated areas and pools of degenerated
RBCs with numerous haemosidrin granules were noticed
after the second dose. All of these results may be due to
H1N1 vaccine and its gradients, this suggestion comes in
the same line with those of Abdel - Rahman et al. (2013)
who found that sections of thiomersal, adjuvant and H1N1
vaccine exposed brains showed vacuolation, degenerated,
necrosis and apoptosis of neurons. Whereas, increased
lymphocytes and RBCs in the dilated blood sinuses and
degenerated areas in the present study were demonstrated
also by Moustafa and Hafez (1998), they reported that the
haemorrhage in the liver tissue may be related to increased
intravascular tension. The internal bleeding may be due to
irregular prothrombin activity, they added that the
functional changes in homeostasis efficiency probably
occur as a result of temporary destructive alternation which
they noticed in the tissue.
Results of the present study showed increased stain affinity
of collagen fibers in splenic tissue of all the treated groups,
especially in the thickened capsule, trabeculea, walls of
blood vessels and red & white pulps, in addition to around
the wall of the central arteries in squalene – non adjuvanted
vaccine group after the second dose with brightly stained
pools of RBCs in squalene – treated group after the second
dose. These changes may be due to the detrimental effect
on the tissue and endothelium (Natalie et al., 2001).
Horn et al. (1985) declared that the presence of collagen in
the presinusoidal spaces might affect the blood supply to
cells and would reduce the exchange of metabolites,
perhaps causing cellular dysfunction and necrosis. The
collagen elevation in squalene and squalene –adjuvanted
vaccine treated groups may be due to squalene- related to
arthritis that caused by vaccine treatment, this suggestion
comes in the same line with those of Kakizoe (1999) who
found that arthritis was induced by immunization with
intradermally emulsion made with adjuvant. Williams et al.
(2012) stated that arthritis is a type of collagen vascular
diseases that associated with collagen and blood vessel
abnormalities and are autoimmune in nature and it undergo
autoimmune connective tissue disorders.
Highly reduced total protein was detected in the splenic
tissue with moderately stained capsule of all the treated
groups, while, negatively stained degenerated areas and
deeply stained haemosidrin granules in the red pulps were
observed in suspension treated group after the second dose,
in addition to moderately stained trabeculea and walls of
the blood vessels in squalene – treated group after the first
dose. This protein depletion of squalene- nonadjuvanted
vaccin may be due to thimerosal, this finding is in
agreement with those of Yee and Choi (1996) who found
that mercury treatment caused biochemical damage to
tissues and genes through diverse mechanisms, such as
disrupting membrane potential, altering protein synthesis
and mitochondrial damage. Havarinasab et al. (2004)
demonstrated that thimerosal can stimulate human mast
cells to release vascular endothelial growth factor (VEGF),

which is also vasoactive and proinflammatory. In addition
to the thimerosal mediated cell death as deleterious effects,
the thimerosal in micromolar concentrations also rapidly
induce membrane and DNA damage and initiate caspase-3-
dependent apoptosis in human neurons and fibroblasts
(Baskin et al., 2003). The protein depletion of squalene-
treated and squalene- adjuvanted vaccine groups may be
due to the ability of adjuvant to induce  lysis of  target cells
by initiation of mitochondrial  reaction (Anthony and
Allison, 2002), or tissue reaction as liposomes stimulating
complexes (Gomez-Vargas et al., 2004). It may also result
by tissue destruction as activated vascular permeability and
result in systemic effects that include fever and the
production of acute-phase proteins (Harold, 2005). In 2007,
Eid and Al Dossary stated that decreased protein content in
tissue may be due to the drastic effect on the rough
endoplasmic reticulum (RER), mitochondria and Golgi
apparatus and increased lysosomes in the cells. Meanwhile
Gorczynska (1987) and Al Gahtani (2006) reported that
vacoulation and degeneration led to decreased protein
content in the tissue, but congested blood vessels and
haemorrhagic areas showed increased RBCs which was
accompanied by increased stain affinity of total protein.
Highly decreased PAS positive materials were detected in
splenic tissue of rats of all the treated groups, but highly
thickened and deeply stained trabeculea were realized with
numerous haemosidrin granules and depleted RBCs and
WBCs inside the trabecular vein. Decreased glycogen
content observed in the tissue post vaccination may be due
to vacuolation and degeneration of the tissue that occurred
by thimerosal in squalene- nonadjuvanted vaccine groups
or by squalene in djuvant- treated groups and by thimerosal
and squalene in squalene- adjuvanted vaccine groups, also
this suggestion comes in the same line with those of Abdel
-Rahman et al. (2013) who found that sections of
thiomersal, adjuvant, antigen and H1N1 vaccine exposed
brains showed vacuolation and degenerated neurons as well
as necrotic and apoptotic neurons in hypothalamus,
striatum and cerebral cortex. Decreased polysaccharides
content in the degenerated epithelial cells of bronchioles
and haemolysed RBCs was detected also by Abu El Naga
(1989). She stated that this decrease may be due to
decreased T3 and T4 hormones of the thyroid glands,
which lessen entrance of glucose to the cells, this
investigation and the result of the present study were
insured the finding of Viera (2001) who reported that the
adjuvant of this vaccine contributed to the cascade of
reactions called "Gulf War syndrome", in which anti-
thyroid effects were documented in its symptoms. In this
respect Jirtle et al. (1990) recorded that the histological and
histochemical changes of congested blood vessels that
contained densely stained blood cells may be due to the
injury of blood vessels provoking anoxia of tissue with
degeneration, vacuolation and necrosis of the tissue.  The
adjuvant may incorporate carbohydrate moieties or
molecular configurations that increase delivery to
macrophages and dendritic cells via specific receptors
(Bonifaz et al., 2004), also adjuvant act as
immunomodulator by recruitment and activation of
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macrophages and dendritic cells which lead to other
inflammatory sequelae (Harold, 2005).  Increased stain
affinity of RBCs inside the blood vessels was discussed by
Junqueira and Carneiro (2003) who stated that RBCs
contain 10% carbohydrates of their weights; this may
explain increased stain affinity of PAS+ve materials inside
the congested sinuses and hemorrhagic areas observed in
this study.
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