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Abstract

This study was designed to evaluate the role of Salmonella
enterica serovar Typhimurium as a causative pathogen in
hospitalized diarrhoeal patients younger than five years old,
extract and purify endotoxin (lipopolysaccharide; LPS) from
isolated and identified S. Typhimurium, and determine the
immunogenic activity (humoral and cellular immune responses) of
LPS-liposome conjugate in albino male mice. The patients (95
cases) were admitted to the Central Pediatric Hospital and Al-
Kadhiymiah Pediatric Hospital in Baghdad during the period
24/10/2010 - 30/11/2010, because of severe diarrhoea and fever.
Bacterial evaluation of stool samples revealed the identification of
two (2.1%) S. Typhimurium isolates (S1 and S2). Antibiotic
sensitivity test demonstrated that S1 isolate was more resistance
than S2 isolate; therefore it was considered more virulent and
subjected for extraction and purification of LPS. Chemical
characterization of the extracted LPS revealed that the
carbohydrate content was 2.34 mg/ml, while the protein
concentration was very low (0.52 pg/ml). Partial purification of
extracted LPS by using gel-filtration chromatography (Sephacryl
S200) showed three peaks, and after determination of protein and
carbohydrate concentrations for each peak, peak two was
observed to have the highest carbohydrate content (25%) and the
lowest contaminated protein (0.001%). The LPS of this peak was
immunologically evaluated in mice at a concentration of 100
pg/ml, alone or in conjugation with a commercially available
liposome (LIP). These evaluations revealed that LPS-LIP
conjugate was able to modulate the humoral and cellular immune
responses against live S. Typhimurium.
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Introduction:

Salmonella enterica serovar Typhimurium (S. Typhimurium)
is one of the non-typhoidal Salmonella serovars and being the most
common serovar in the USA. Infection always occurs via ingestion of
water or food contaminated with animal waste rather than human
waste (17). The emergence of multidrug-resistant S. Typhimurium
DT104 has been associated with outbreaks related to food
contamination and resulted in increased rates of hospitalization (40).
Therefore, S. Typhimurium continues to represent a major public
health problem worldwide, and vaccine development has been an
important target for researches in salmonellosis. The prevention of
salmonellosis by vaccination has been the subject of many
investigations, and despite this, the mechanism of protective immunity
against Salmonella spp. infections remains a controversial subject
(32).

Salmonella Typhimurium is classified as a facultative,
intracellular bacterium by virtue of its ability to survive and multiply
within specialized phagocytic cells of the host reticuloendothelial
system (18). In their intracellular environment, the Salmonella spp. are
provided with a considerable amount of protection from host defence
mechanisms, and although both cell-mediated (CMI) and humoral
immune responses are evoked in naturally occurring and in
experimentally induced salmonellosis, the relative degree of
protection afforded by each of the two arms of the specific immune
response is still unclear (31). Thus, it has been observed that mice
vaccinated with killed Salmonella or with soluble Salmonella antigens
were not sufficiently protected from a lethal challenge inoculum
despite the presence of a substantial amount of specific antibody.
However, adoptive transfer experiments suggest that CMI is the
overriding protective factor against Salmonella infections (16).

Several studies have demonstrated that lipopolysaccharide
(LPS) of S. Typhimurium is a key component associated with
bacterial virulence, but in terms of vaccine potential, the LPS itself is
not very immunogenic, and as a result, attempts have been made to
synthesize a vaccine which incorporates Salmonella LPS antigenic
determinants, but is devoid of the toxic properties inherent in the lipid
A moiety of the LPS, through a covalent attachment to carrier
molecules, such as phospholipid bilayered vesicles (liposomes) (24).
Liposomes have received a considerable amount of attention as
carriers for the delivery of a wide variety of biologically active
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substances to cells and tissues in vitro and in vivo, and they have been
employed as immunological adjuvants for the enhancement or
modulation of immune responses, especially CMI, to various antigens

9).

Accordingly, The present investigation was conducted first to
assess the role of S. Typhimurium as a causative pathogen in
hospitalized diarrhoeal patients younger than five years old, and then
extract and purify endotoxin (LPS) from isolated and identified S.
Typhimurium, and determine the immunogenic activity (humoral and
cellular immune responses) of LPS-liposome conjugate in albino male
mice.

Materials and Methods

Patients:

Patients of present study were hospitalized children and infants
(95 cases: 60 males and 35 females) under the age of five years (40
days— 2.5 years). They were admitted to the Central Pediatric Hospital
and Al-Kadhiymiah Pediatric Hospital in Baghdad during the period
24/10/2010 - 30/11/2010, because of severe diarrhoea and fever.

Stool Sample Collection:

A stool sample was taken from each pediatric patient upon
admission to the hospital and before taking any medication using a
disposable swab applicator, which was transferred to a test tube
containing 10 ml sterilized peptone water.

Isolation and Identification of S. Typhimurium:

After 2-3 hours, the sample was incubated at 37°C with a total
time of approximately 24 hours. After incubation, 5 ml of cultured
stool sample were transferred to 250ml flask containing 50 ml
tetra-thionate broth, and incubated at 37°C for 24 hours. After
incubation a loopful from each flask was streaked on SS agar
(selective medium) plates, and incubated at 37°C for 24 hours. The
suspected colonies were subjected to further identifications, which
included Gram stain, catalase test, indole test, methyl red test, Vogas-
Proskauer test, citrate utilization test, Kligler iron test and glucose
fermentation test (3). The Salmonella was further identified by APi
20E system, while S. Typhimurium was identified by serotyping using
a commercially available kit (BioRad Company, USA). Antibiotic
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sensitivity was also assessed for the isolated and identified S.
Typhimurium.

Extraction and Purification of Lipopolysaccharide:

The LPS was extracted from the bacterial outer membrane of
one isolate by a method given by (6). The extracted LPS was partially
purified by gel filtration using Sephacryl S200 gel, which was washed
and suspended in 0.025 M of PBS (pH 7.2), degassed by using
vacuum pump and then poured with care to avoid bubbles into a
column with a dimension of 75%2 cm. The final volume of the column
was 235.5 cm®. The column was equilibrated with 0.025 M of PBS
(pH 7.2), and the flow rate was 75 ml/hour.

The recovery of LPS was according to (29), in which 5 ml of
crude LPS was applied gently to the column, and flow rate was
approximately 75 ml/hour. Five milliliters fractions were collected,
and absorption was read at 280 nm for protein determination (5).
Determination of carbohydrate content in the collected fractions was
made by phenol-sulphuric acid method, by transferring 0.5 ml from
each fraction in a sterile tube, then 0.5 ml of 5% phenol and 2.5 ml of
sulphuric acid were added to each tube, and cooled in ice bath. Then,
the absorbance was measured at 490 nm (14). Protein concentration
was determined according to (4). The peak with the highest
carbohydrate content and lowest contaminated protein was
immunologically evaluated in albino male mice at a concentration of
100 pg/ml, alone or in conjugation with a commercially available
liposome (LIP; Promega, USA).

Experimental Design:

The mice were distributed into eight groups (negative controls;
NC, positive controls; PC, complete Freund's adjuvant; CFA, heat-
killed bacteria; HKB, formalin-killed bacteria; FKB, LPS, LIP and
LPS-LIP conjugate). Each mouse was injected intraperitoneally (IP)
with 0.1 ml of the respective solution in day 1, and a further dose in
day 8. These mice were considered as pre-challenged groups, and they
were dissected for laboratory evaluations in day 15. Further similar
groups were challenged with 0.1 ml live bacteria in day 15 (5 x 10*
cell/ ml), and they were dissected for laboratory evaluations in day 29
(post-challenged groups) (13). The laboratory evaluations included
total leukocyte count (TLC), absolute count of lymphocytes (ALC),
neutrophils (ANC) and monocytes (AMC) (33), phagocytosis
(peritoneal phagocytes) of heat killed yeast (Saccharomyces cervisiae)
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(27), Arthus reaction (AR) and delayed-type hyper-sensitivity reaction
(DTHR) (36).

Statistical Analysis:

They data were statistically analyzed using the statistical
package SPSS (Statistical Package for Social Sciences) version 13.0.
The investigated parameters were presented in as mean + standard
error (S.E.), and differences between means were assessed by
ANOVA (analysis of variance), followed by LSD (least significant
difference) or Duncan test. The difference was considered significant
when the probability (P) value was < 0.05, 0.01 or 0.001 (25).

Results and Discussion:

Frequency of S. Typhimurium in Stool Samples:

Out of 95 stool samples, S. Typhimurium was isolated and
identified from two samples only (2.1%), which were belong to two
children; the first was at age 25 months, while the second was 4
months older (S1 and S2 isolates). Both children had severe diarrhoea
that was associated with fever.

Enteric infection with Salmonella spp. is an important cause of
children diarrhoeal disease worldwide, but the frequency of children
with the infection shows variations between studies. A study from
Bolivia of 133 consecutive children less than 5 years old presenting
with bloody diarrhoea revealed bacterial aetiology in 41%, and out of
this percentage, Salmonella spp. accounted for 4% (35). However, a
more recent study from Vietnam, no Salmonella infection was
reported in 587 children with diarrhoea under the age 24 months,
although other potential pathogens were identified in 67.3% of
children with diarrhoea, including Gram negative bacteria (38).
Accordingly, understanding the burden of pathogen specific diarrhoeal
disease and the variation by region is important for planning effective
control programmes for the overall reduction of diarrhoea disease
among persons of all ages, especially in children under the age of 5
years.

Extraction and Partial Purification of Lipopolysaccharide:
Antibiotic sensitivity test demonstrated that S1 isolate was
more resistance than S2 isolate; therefore it was considered more
virulent and subjected for further manipulations, which included
extraction of LPS from the bacterial outer membrane. Chemical
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characterization of the extracted LPS revealed that the carbohydrate
content was 2.34 mg/ml, while the protein concentration was very low
(0.52 pg/ml). Partial purification of extracted LPS by using gel-
filtration chromatography (Sephacryl S200) showed three peaks, and
after determination of protein and carbohydrate concentrations for
each peak, peak two was observed to have the highest carbohydrate
content (25%) and the lowest contaminated protein (0.001%) (Figure
1 and Table 1).
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Figure (1): Gel-filtration chromatography for lipopolysaccharide
partial purification from S. Typhimurium (S1 isolate) by using
Sephacryl S200, 75x2 cm column equilibrated and eluted with 0.025

M PBS pH 7.2 with a flow rate of 75 ml/hour.
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Table (1): Carbohydrate and protein contents of crude and partially
purified lipopolysaccharide.

Lipopolysaccharide Carbohydrate (%) | Protein (%)
Crude 17.2 6.3
Peak 1 11.0 3.0
Partially Purified Peak 2 25.0 0.001
Peak 3 12.0 0.001

Most studies agree that percentage yield of carbohydrates may
vary widely following endotoxin purification. The first group obtained
12-18% carbohydrate from partially purified endotoxin (20), while
other investigators reported a less percentage range, which was 16.2-
24.8% (39). In addition, 33.3% was obtained by a further group of
investigators (37). These differences can be attributed to the types of
bacterial species from which LPS was extracted, method of extraction
and purification process.

The present finding (carbohydrate yield of 25%) differs from
that recorded by (2), who demonstrated that the carbohydrate
percentage in partially purified LPS of local P. aeruginosa isolate was
15%, and a further contradicting finding was also recorded by (20), in
which 12-18% range was observed. However, an agreement was
reached with further studies. The first demonstrated a yield of 16-24%
(7), and the same finding was reported by (39), in which the
carbohydrate percentage in purified LPS was 16.2-24.8%.

In table 1, we can notice that the protein percentage in partially
purified LPS was 3% in peak 1 and 0.001% in peaks 2 and 3. The
percentage of peak 1 differs from the percentage recorded by (2), who
recorded that the protein percentage in partially purified LPS from P.
aeruginosa was 2%. It also differs from the percentage recorded by
(30), who stated that the percentage of protein bound to the purified
LPS was 4.3%. However, an agreement with (11) is reached, because
they found that the percentage was less than 0.1%. Furthermore, (39)
recorded that the percentage of contaminated protein was very little,
so they neglected such finding.

The differences in protein and carbohydrate percentages in the
purified LPS may be related to differences between the bacterial
strains and their content of LPS, differences in the methods used for
extraction and purification of LPS and experiment circumstances. The
results also showed that there were no nucleic acids in the partially
purified LPS.
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It was also observed that the carbohydrate percentage in the
partial purified LPS (25% in peak 2) was higher than that of the crude
LPS (17.2%), and a similar observation was made for the protein (3.0
and 0.001 vs. 6.3%). Both observations suggest the efficiency of the
applied method of purification by gel filtration.

Total and Absolute Counts of Leukocytes:

The TLC in all groups (pre- and post-challenged) was almost
approximated the normal leukocyte count range in mice, but mice
vaccinated with HKB or FKB (11250 and 12083 cells/cu. mm blood,
respectively) showed the highest count in pre-challenged animals
(Table, 2), and such increase also contributed to increased counts of
lymphocytes, neutrophils and monocytes in the two groups of mice
(Tables 3, 4 and 5). However, mice vaccinated with LPS showed a
significant increased ALC in post-challenged animals as compared
with  pre-challenged animals (4970 vs. 3527 cells/cu. mm blood)
(Table, 3).

Table (2): Total leukocyte count in groups of mice pre- and post-
challenged with S. Typhimurium after different vaccination protocols.

Mean + S.E. (Total Leukocyte
Groups Count: cells/cu. mm blood) P<
Pre-Challenge Post-Challenge

Negative Control 7966 + 380C 10400 + 400A 0.01
Positive Control 5200 + 171D 4800 + 115D N.S.
Complete Freund's Adjuvant 5466 + 133D 6633 £ 270C N.S.
Heat-Killed Bacteria 11250 £ 1295A 4700 = 480D 0.001
Formalin-Killed Bacteria 12083 + 1719A 4466 + 480D 0.001
Lipopolysaccharide 6500 + 152D 7733 +£197C N.S.
Liposome 6333 + 168D 6766 + 238C N.S.
Lipopolysaccharide+Liposome 9366 + 95B 8533 £ 240B N.S.

Different letters: Significant difference (P < 0.05) between means of
columns.
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Table (3): Absolute lymphocyte count in groups of mice pre- and
post-challenged with S. Typhimurium after different vaccination

protocols.
Mean £ S.E. (Absolute

Lymphocyte Count: cells/cu. mm
Groups blood) P<

Pre-Challenge | Post-Challenge
Negative Control 5020 + 149A 6198 + 355A 0.05
Positive Control 2711 +97B 2993 + 30C N.S.
Complete Freund's Adjuvant 2688 + 95B 3447 + 190C N.S.
Heat-Killed Bacteria 5833 + 763A 2761 +313C | 0.001
Formalin-Killed Bacteria 5075 + 1222A 2469 £ 297C | 0.001
Lipopolysaccharide 3527 + 149B 4970+ 118AB | 0.01
Liposome 3343 +108B 3483 + 175C N.S.
Lipopolysaccharide+Liposome | 5731 + 116A 4389 + 108B 0.05

Different letters: Significant difference (P < 0.05) between means of

columns.

Table (4): Absolute neurophil count in groups of mice pre- and post-
challenged with S. Typhimurium after different vaccination protocols.

Mean £ S.E. (Absolute

Neutrophil Count: cells/cu.

Groups mm blood) P<
Pre- Post-

Challenge Challenge
Negative Control 2098 + 63C | 3016 +134B | 0.01
Positive Control 1872 £ 106C | 1538 +66D | N.S.
Complete Freund's Adjuvant | 2136 + 27C | 2596 + 103B | N.S.
Heat-Killed Bacteria 4355 + 441A | 1318 £ 109D | 0.001
Formalin-Killed Bacteria 4623 £ 618A | 1471 + 159D | 0.001
Lipopolysaccharide 2240 £67C | 2168 +99C | N.S.
Liposome 2483 +£60C | 2656 £91B | N.S.
Lipopolysaccharide+Liposome | 3637 + 154B | 3930 = 163A | N.S.

Different letters: Significant difference (P < 0.05) between means of

columns.
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Table (5): Absolute monocyte count in groups of mice pre- and post-
challenged with S. Typhimurium after different vaccination protocols.

Mean £ S.E. (Absolute

Monocyte Count: cells/cu.

Groups mm blood) P<
Pre- Post-

Challenge Challenge
Negative Control 566 + 194B 946 £51A | 0.01
Positive Control 535 + 44B 329 +31BC | N.S.
Complete Freund's Adjuvant 583 £ 49B 628 + 39B N.S.
Heat-Killed Bacteria 1010 £ 157A | 549+61B |0.001
Formalin-Killed Bacteria 1205 + 242A | 401 +50BC | 0.001
Lipopolysaccharide 691 + 45B 595 + 39B N.S.
Liposome 585 + 59B 627 + 62B N.S.
Lipopolysaccharide+Liposome | 49+ 31C 213+ 76C N.S.

Different letters: Significant difference (P < 0.05) between means of
columns.

Leukocytes are considered as the active cells in carrying out
the functions of the immune system, both non-specifically and
specifically, and their count may give a general picture about the
function of the immune system (22). These cells are originated in the
bone marrow through two cell lineages; myeloid progenitor and
lymphoid progenitor, which give rise to the five types of leukocytes
(neutrophils, lymphocytes, monocytes, eosinophils and basophils).
Each type of these cells is commenced to carry out an immune
function. The neutrophils are mainly involved in the innate immune
system to carry out phagocytosis, while lymphocytes represent the
humoral and cellular arms of specific immunity. Monocytes are
involved in carrying out phagocytosis, but they are also professional
antigen presenting cells. Eosinophils are involved in allergic and
inflammatory reactions, as well as, parasitic infections. Basophils
release histamine, heparin and some pharmacological mediators of
immunological reactions (21). Due to these diverse immunological
functions, the normal counts of leucocytes (total and absolute) can be
deviated by infections (1). In agreement with such theme, both counts
of leukocytes were deviated in the present study, but the deviation was
subjected to the group investigated and whether pre- or post-
challenged. In general, mice vaccinated with HKB or FKB showed the
highest count of leukocytes in pre-challenged animals, and such
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increase also contributed to increased counts of lymphocytes,
neutrophils and monocytes. These counts were almost approximated
the counts of the other investigated post-challenged groups. However,
it is worth to mention that TLC in all groups (pre- and post-
challenged) approximated the normal leukocyte count range in mice,
which was depicted by (15) as 2000-10000 cells/cu.mm.blood, and in
a more recent estimation, the range was 5000-12000
cells/cu.mm.blood (26). Therefore, it is not possible to draw a clear
effect of the present vaccination protocols on total and absolute counts
of leukocytes. An exception was observed in mice vaccinated with
LPS, in which the ALC was significantly increased in post-challenged
animals as compared with pre-challenged mice; an observation that
may suggest that LPS may able to enhance the adaptive immunity
against S. Typhimurium. Such suggestion has some support from a
study carried out by (23), in which they demonstrated that the wild-
derived inbred mouse strain SPRET/Ei is resistant to LPS, although an
enhanced immunity was observed. In addition, it has been
demonstrated that such resistance in SPRET/Ei mice to S.
Typhimurium infection is associated with increased leukocyte counts
reaching the upper limit of the range in the circulation and enhanced
neutrophil influx into the peritoneum during the course of infection.
However, when these results were compared with results in a further
inbred mouse (C3H/HeN), some variations were observed, and they
suggested that genetic differences account for the variation in
leukocytes of mice (12).

Phagocytosis:

The phagocytic index (PI) was significantly (P < 0.001)
increased in post-challenged NC (64.83 vs. 39.00%) and CFA (62.33
vs. 55.16%) mice as compared with the corresponding mice in pre-
challenged groups, while an opposite observation was made in post-
challenged HKB (61.16 vs. 66.50%) and FKB (62.13 vs. 66.66 %)
groups. However, pre- and post-challenged LPS+LIP mice
demonstrated the highest Pl (73.66 and 72.50%, respectively), and

without significant difference between their means (Table, 6).
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Table (6): Phagocytic index in groups of mice pre- and post-
challenged with S. Typhimurium after different vaccination protocols.

Mean = S.E.
Groups (Phagocytic Index: %) P<
Pre-Challenge | Post-Challenge

Negative Control 39.00+1.31D | 64.83+1.30B | 0.001
Positive Control 67.50+1.40B | 63.50+1.72B | N.S.
Complete Freund's Adjuvant 55.16 £ 1.07C | 62.33+0.88B | 0.001
Heat-Killed Bacteria 66.50+1.94B | 61.16 +1.57B | 0.01
Formalin-Killed Bacteria 66.66 + 2.15B | 62.13+1.04B | 0.01

. . 69.50 =
Lipopolysaccharide 117AB 68.50 £ 0.76A | N.S.
Liposome 63.50+0.76B | 60.83+1.35B | N.S.
Lipopolysaccharide+Liposome | 73.66 + 1.14A | 7250+ 1.40A | N.S.

Different letters: Significant difference (P < 0.05) between means of
columns.

As presented, the highest percentage of phagocytosis was
observed in mice vaccinated with LPS+LIP in pre- and post-
challenged groups. Such finding highlights the importance of
conjugation between LPS and LIP in enhancing the function of
phagocytic cells. The adjuvant action of LIP in the stimulation of
phagocytosis may be reasoned by the fact that LIP possesses many of
the characteristics associated with inducers of cell-mediated
responses. It is well established that the majority of LIP are taken up
by phagocytic cells of the lymphoreticular system. Thus, the
association of antigens with LIP provides a means of targeted delivery
of the associated antigens directly to antigen-processing cells of the
reticuloendothelial system (10). In addition, the incorporation of LPS
into LIP renders the soluble LPS molecule particulate and much more
hydrophobic. Furthermore, it has been shown that incorporation of
LPS into phospholipids bilayers markedly reduced the adverse
biological effects of lipid A. Additionally, since LIP are rapidly
removed from the circulation by the reticuloendothelial system, the
half-life in the blood of liposome-associated LPS is very short.
Therefore, it is likely that the LPS-LIP complex is considerably less
toxic than the equivalent amount of free LPS (8). After endocytosis of
the LPS-LIP complex, it is assumed that disruption of the LIP bilayer
must occur within the phagolysosomes to expose free LPS molecules
for processing. This, along with the fact that nearly the entire
antigenic mass is concentrated in the macrophage population of the
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reticuloendothelial system, may result in a longer retention time of the
LPS and therefore prolonged antigenic stimulation (19).

Arthus and Delayed-Type Hypersensitivity Reactions:

The most significant increase in AR index was observed in
post-challenged mice of LPS (1.350 vs. 0.466 mm; P < 0.001) groups,
followed by LIP (1.150 vs. 0.566 mm; P < 0.01) and NC (1.050 vs.
0.450; P < 0.01) group, as compared with the corresponding pre-
challenged groups, while an opposite observation was made in FKB
group (1.019 vs. 2.216 mm; P < 0.001). However, pre- and post-
challenged LPS+LIP mice were among the highest AR index values
(1.683 and 1.533 mm, respectively), and without significant difference
between their means (Table, 7).

Table (7): Arthus reaction index in groups of mice pre- and post-
challenged with S. Typhimurium after different vaccination protocols.

Mean £ S.E.
Groups (Arthus Reaction: mm) p<
Pre-Challenge PR
Challenge

) 0.450 + 1.050 +
Negative Control 0.092C 0.180B 0.01

. 1.680 + 1.300 +
Positive Control 0.337B 0.096B N.S.

. . 0.433 + 1.000 +
Complete Freund's Adjuvant 0.098C 0.112B 0.01

) ) 1.516 + 1.116 +
Heat-Killed Bacteria 0.231B 0.142B N.S.
. . 2.216 + 1.019 + 0.00

Formalin-Killed Bacteria 0.157A 0.134B 1
Lipopolysaccharide 0.466 + 1.350 £ 0.00
Popoly 0.055C 0.095B 1

. 0.566 + 1.150 +
Liposome 0.084C 00858 | 001

. . . 1.683 + 1.533 +
Lipopolysaccharide+Liposome 0.166B 0.098A N.S.

Different letters: Significant difference (P < 0.05) between means of
columns.
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The DTHR index was significantly (P < 0.001) increased in
post-challenged NC (1.933 vs. 0.400 mm) and CFA (1.450 vs. 0.500
mm) groups as compared with the corresponding pre-challenged
groups, while an opposite observation (P < 0.05) was made in FKB
(1.883 vs. 2.350 mm) and LPS+LIP (1.932 vs. 2.466 mm) mice.
However, the post-challenged groups showed no significant variation
between their means, while in pre-challenged groups, PC, HKB, FKB,
LPS and LPS+LIP mice (2.166, 1.700, 2.350, 2.050 and 2.466 mm,
respectively) demonstrated the highest significant means (Table, 8).

Table (8): Delayed type hypersensitivity reaction index in groups of
mice pre- and post-challenged with S. Typhimurium after different
vaccination protocols.

Mean + S.E. (Delayed Type
Hypersensitivity Reaction:
Groups mm) P<
Pre- Post-
Challenge Challenge
: 0.400 £ 1.933 +
Negative Control 0.063C 0.066A 0.001
. 2.166 + 1.966 +
Positive Control 0.168A 0.142A N.S.
' . 0.500 £ 1.450 +
Complete Freund's Adjuvant 0.036C 0.156A 0.001
: : 1.700 + 1.783 +
Heat-Killed Bacteria 0.929A 0.218A N.S.
L . 2.350 + 1.883 +
Formalin-Killed Bacteria 0.330A 0.288A 0.05
. . 2.050 + 1.666 +
Lipopolysaccharide 0.088A 0.135A N.S.
. 1.100 + 1.500 +
Liposome 0.139B 01124 | NS
. . . 2.466 + 1.945 +
Lipopolysaccharide+Liposome 0.142A 0.241A 0.05

Different letters: Significant difference (P < 0.05) between means of
columns.
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In most types of post-challenged vaccinated groups, AR and
DTHR responses were increased, while pre-challenged groups showed
some variations, but mice vaccinated with LPS+LIP conjugate were
almost recorded the highest results. Arthus reaction is a type Il
hypersensitivity reaction, which is mediated by immune complex
formation in a second challenge with the same antigen. The immune
complexes are formed between antibodies and the challenged antigen
in the area of injection. Such formation leads to the activation of the
classical pathway of complement system, which in turn leads to the
generation of chemo-attractants factors (C3a and Cb5a) that enhance
the migration of neutrophils to the area of injection. As a
consequence, a local inflammatory response is generated with the
manifestation of a local erythema and oedema after 3-4 hours of the
injection (34).

Delayed type hypersensitivity reaction represents the fourth
type of hypersensitivity reaction (Type IV), which differs from AR in
the immunological constituents that participate in its generation. It is
cell-mediated reaction, in which a specific T-helper lymphocyte,
called Tprh, plays a major role in its initiation together with
macrophages. It occurs locally after 24-48 hours of a second challenge
with the same antigen. Such time is required to activate the TptH by
the antigen that is presented by macrophages; a process that requires
production of cytokines (IL-2, IFN-y and tumour necrosis factor-f3).
These cytokines stimulate the migration of more macrophages to the
area of injection, which in turn produce extracellular lysozymes that
are responsible for the inflammatory reaction in the area of injection
(28).

Conclusion:

It is possible to suggest that LPS+LIP conjugate enhanced both
immune responses; humoral and cellular. These findings can be
justified by increased internalization of hydrophobic lipid antigens by
macrophages that ultimately improved antigen presentation to cells.
These macrophages function as antigen-presenting cells which take up
antigen, catabolize them, and express the antigenic determinants in an
energy requiring process before being presented to antigen specific T-
cells (8). It is also possible that these LPS+LIP activated macrophages
contribute towards positive regulating effects on the induction of
specific immune response. Thus, the results of the present study
elucidate that incorporation of S. Typhimurium LPS into LIP not only
makes it possible to achieve a considerable immune response to lipid
A-based immunogens by circumventing toxicity associated with lipid
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A, but also to convert polysaccharide antigens into thymus-dependent
antigens (19).

10.
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