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Abstract 
In order to know the efficacy of whole sonicated antigen with or without celery extract 

on the challenge with viable virulent Pseudomonas aeruginosa , thirty-five healthy white 

mice, both sex, aged between 6-8 weeks were randomly divided into five groups and treated 

as following: The 1
st
 group (n= 10) immunized with WSSAgs (0.5ml/lmg protein) S/C as 

primary dose followed by second dose after two weeks. 2-The 2
nd

 group(n=10) 

administrated daily dose of 0.5ml of alcoholic celery extract (Concentration of protein 600 

mg/kg BW) orally for 30 days and at the same time treated as 1
st
 group. 3- The 3

rd
 group 

(n=5) administrated orally with alcoholic celery extract only with same dose and time of the 

2
nd

 group. The 4
th
 and 5

th
 group (5 animals each) treated as control positive and negative 

respectively. 

Cell mediated and humoral responses were checked at day 27 and day 30 post-

immunization, at day 3o post immunization, the 1
st
, 2nd, 3rd and 4

th
 group were challenged with 

0.5 ml of bacterial suspension content 1X10 CFU of viable virulent Pseudomonas aeruginosa 

S/C and the 5
th 

group inoculated S/C with 0.5 ml of sterile normal saline and served as 

control negative group. 

All animals were sacrificed at day 20 post-challenge ,post-mortem examined and 

bacterial and pathological examination of their internal organs were done. 

The results explained that WSSAgs induced cellular and humoral immune response in 

immunized animal and these values was high in animal pretreated with alcoholic celery 

extract and immunized with WSSAgs. All non immunized and pretreated alone infected 

animals died during 24-48hrs post-inoculation with severe bacterial isolation from internal 

organs as compared with immunized and pretreated immunized infected animals which 

showed good healthy during the course of experiment and no bacterial isolation from 

internal organs. 

Multiple granulomatous lesion were seen in the internal organs of immunized infected 

animals while the pretreated immunized infected animals showed lymphocytic aggregation 

around blood vessels and in the parenchyma of most examined organs ,in contrast, the non-

immunized and pretreated infected animals showed acute  suppurative reaction with 

thrombus formation in most examined organs.  
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ان المعاممة دراسة التغيرات المرضية والمناعية التي تحدثها جراثيم الزوائف الزنجارية في الفئر 
 Salmonella بالمستخمص الكحولي لمكرفس والممنعة بالمستضد الكمي لجرثومة

typhimurium 
 

**عمي حسن وسهير، سرهد سعد عبود النجار *منى عبد الصاحب جميل ،*محمد جويد عموان  
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 الخلاصة
    مستضنننل    انننك   مت سنننا  مالممننن    سننن  ممل ح تننن  عم ما ت  م نننل   م مننن    مسنننت ا  منننث  منننة معالننن  لع   ننن

( مننث   عئننا ث 35 سننت لت   ,ئف    لم ا نن    ضنن ا   لننك   عئننا ث    ننم ك  لتنن ك    ننالج عاننل ماعنن    ت ننل  تنن   م 
سن  ممن م   معممانك  م  ستمع مث  ح   ملس ث قسمك عشم ئ   إ نل 7-6  سم سا     ت ض ء تا م ك  عم اه  ت ث 

 : م   اك
(   م ل ك ملعك ت  مستضل    اك   مت سا  مالمم    س  ممل حتم سط     قث 11متضت    لأم ل  ممممع   .1

 .لعج   ماع   تقم    ع لك  ستمع ثماغت تامت ث( متعل  1مة(   تم  عال   1.5ت ك   مال متماع   

مث   مست ا      م ك  لت ك    الج تماع   مة( 1.5  (   م ل ك ماعك  مم  11  ممممع    ل ل   متضت   .2
/  غت مث م ث   مست( ملك لعج   مقك ملعك ت  مستضل    اك   مت سا  مالمم    س  ممل ح  م  ماغت 611 

 . لأم للك   ممممع  

 (   م ل ك ماعك ت  مست ا    لت تك لقط  م  لك   ممممع    ل ل  .5  ممممع    ل  ل  متضت   .3

(   م ل ك   ة ملهم  علت   ممممعتك س طاة مممت  مس  ت  عال 5ت ث   ا تع  م    مس  متضم ث    ممممع .4
   تم  ك.

  تتنن ا ل نن     س سنن    إمننا ءتمل نن  تننت ل نن   ةسننتم ت    مل ع نن     ام نن  تم سننط    مة ممنن  مننث  31تعننل 
م  ل ل نن  م  ل  لنن    لأم ننل  ممنن م    تكم صنن   تتنن ا   ننتح ث   ننلمم    غ ننا مت شننا  إمننا ء  متننر ا م   اط نن  تم سننط  

تم سننط  مننث    م ئننف    لم ا نن    ضنن ا    9^ 11*1مننث   عنن  ج   مالننممك    نن م  عاننل  مننة( 1.5 تماعنن   م  ا تعنن 
منة( منث   م انمة   ما نك   عسنامك م عتتناك سن طاة  5م 1  ممممعن      مسن  لقنل  قلنك    من ,    قنث ت نك   مانل

لمن ت  ع لن ك  م  نتك هن    صنع    تشنا      م ما نك    ت نل  قتانك مم ن      م لن ك  نمت منث ماعن 21س  ت  متعنل 
 . اع     ماضك م  اى اع ة   مالممك 

 24-42ت لننك   لتنن ئن تننرث مم نن      م لنن ك ة ننا   مملعننن  م  مع مانن  ت  مسننت ا    لتنن تك لقننط ها ننك  نننحة 
ت لمننن    لنننك     م لننن ك   مملعننن  م    م لننن ك    ل  ا ننن   عضننن ئه مننن  عننن ة مالنننممك  ل نننف منننث   لإصننن ت سننن ع  تعنننل 

  ل  ا نن    عضنن ئه   مع مانن  ت  مسننت ا    لتنن تك تصنن   م ننلة  ننحة لتنناة   لا سنن  م ننت تعنن ة    م ئننف    لم ا نن  مننث 
من  ممنمل ت ع نف  انم    لإص ت   ل  ا    ا  م ل ك   مملع  تعل   لأعض ء ت ت   لك   ما ت ت ك ت لك   لت ئن مممل 

 لتننن تك م  مملعننن  تعنننل ماعننن    لمم ننن  ملنننك   لسننن ن    ح نننك  ا  م لننن ك   مع ماننن  ت  مسنننت ا     لأمع ننن   معنننك  نننمة
  م لنن ك   سنن طاة   مممتنن  م    م لنن ك   مع مانن  لقننط ت  مسننت ا    لتنن تك  سننتم ت    ته ت نن    ظهنناك, ت لمنن    ت ننل 

 ق       لة مت مث    لاة   لمم   لك  لأعض ء   ل  ا     تك ل صك.
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Introduction 
Pseudomonas aeruginosa is an important opportunistic pathogen that associated with 

infections in cystic fibrosis patients, burn patients and another important infection group 

consists of immunocomromised individuals, such as those undergoing chemotherapy or 

AIDS patients (l, 2). It is a saprophytic organism widespread in nature, particularly in 

moist environment (water, soil, plants and sewage) (3) and it is responsible for a wide 

range of hospital-acquired infections, such as pneumonia, urinary tract infections, 

bacteremia (4) Moreover, a series of outbreaks due to this important and frequent 

nosocomial pathogen has been reported in hospital intensive care, burn wound and cancer 

units (5, 6). 

Ps.aeruginosa has several virulence factors including: pili, flagella, lipopolysacchride, 

alginate and biofilm production, the secretion of several toxins, type lll secretion and 

quorum sensing, along with these virulence factors. P.aeruginosa is highly resistant to 

several antimicrobials and main active agents such as B-lactams and aminoglcosides (7). 

Thus, vaccination to prevent infection is much more desirable. Several types of vaccines 

were investigated ranging from whole cell immunization to subunit and DNA 

immunization (8, 9), even with all of this effort, no vaccine has been fully developed for 

widespread use. 

P.aeruginosa produces 2 form of LPS,A band and В band,В band polysaccharides are 

much longer than A band polysaccharides and they are the basis for serotyping (lO). 

Currently 20 different serogroups are recognized(ll) .and the highly immunogenic O-

polysaccharide region shows considerable diversity between strains leading to problems in 

achieving cross-protection between serogroups. Even strains within the same serogroup 

can have different chemical structures where the protective epitope may be part of the 

sub-type variant structure and not the serotype common structure(12). However, due to 

the presence of various LPS serotypes of P.aeruginosa, it is difficult to produce protective 

vaccine against a broad spectrum of P.aeruginosa isolates(13). 

Previous work in laboratories characterized a vaccine that confers serotype-specific 

protection against P.aeruginosa(14). Intranasal vaccination with vaccine consists of 

Salmonella serovar typhimurium  strain SL3261, an attenuated aroA mutant 

expressing the entire O antigen locus  from P.aeruginosa 011 strain conferred 

complete protection in mice with challenge doses of five times the 50% lethal dose 

(LD50) of both cytotoxic and non- cytotoxic P.aeruginosa serogroup Oll strains (15). 

Celery extract is a good immunostimulary agents (l6), it does offer a source of 

potassium, folic acid, carbohydrates, protein, dietry fiber, vitamin A, vitamin В complex, 

vitamin C, vitamin E, iron, magnesium, phosphorus and calcium (l7) Little information 

are available on immune response stimulated by whole sonicated Salmonella typhimurium 

antigens (WSSAG)and celery extract against Pseudomonas aeruginosa, this study aimed 

to investigate the effect of WSSAGs and celery extract on the infection with P.aeruginosa 

in mice. 
 

Materials and Methods 
 Bacterial isolates: Virulent Pseudomonas aeruginosa and Salmonella typhimurium 

isolates were obtained from Zoonotic units of Vet. Med Coll.The biochemical tests 

were done to these isolates to confirm diagnosis according to Quninn, etal. (18). 

 Culture media: Tryptic Soya agar, tryptic Soya broth and blood agar, these media 

were prepared according to production manuals  

 Whole bacterial sonicated antigen: WSSAg prepared according to Mitove, etal. 

(19). Salmonellin prepared according to Saleh, (20). 
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 Determination of the challenge dose: The preparation of the bacterial suspension 

and the counting were made using McFarland's tubes according to procedure 

described by Baron, etal. (2l).  

 Apium greveolense crude extract preparation: The crude extract of celery was 

prepared according to Harborne, (22). 

 Experimental design: Thirty five healthy white mice. Both sex aged between 6-8 weeks 

were randomly Divided into five groups and treated as following: 

1. l" group (n=10) immunized with WSSAgs (0.5ml/lmg protein) S/C as primary dose 

followed by booster dose after (2) weeks. 

2. The 2
nd

 group (n==10) administrated 0.5 ml of alcoholic celery extract (Concentration 

of protein 600 mg/kg BW) orally for (30) days and with same time were Treated as 

the 1
st
 group. Skin test were done at day27 post-immunization, against salmolellin and 

at day 30 bloods was collected from five animals from each group after sacrificed 

then measure the Abs titers. 

3. 3
rd

 group (n=5) was administrated orally alcoholic celery extract as the same dose and 

concentration as the"2
nd

 group for (30) days. At 30 days post-immunization the l
st
, 2nd, 

3rd and 4
th

 groups were Injected S/C with 0.5 ml of bacterial suspension containing 

lX10 CFU/ml of viable virulent Pseudomonas aeruginosa. The 5
th
 group (n=5) injected 

S/C with 0.5ml of sterile PBS and considered as a control Negative group. 

The animals of the experiment were sacrificed at the day 20 post-inoculation, and 

post-mortem examination was carried out to all sacrificed and dead animals samples of 

internal organs were taken for bacterial isolation and other for histopathological 

examination.thes samples were fixed in 10% neutral buffer formalin for 72 hrs. Tissue 

sections were prepared according to Luna, (23).  Passive haemagglutination test was done 

according to Herbert (24). 
 

Results 

 Delayed type hypersensitivity: Twenty four hrs post test, the mean of skin thickness 

against salmonellin in animals treated with celery extract and immunized with 

WSSAgs (1.0+0.06) was higher than that of their value (0.83+-0.11) in animals 

Immunized with WSSAgs alone. At 48 hrs post test, the mean of skin Thickness was 

declined in 1
st
 group (0.4+-0.06) and in 2

nd
 group (0.5+-0.06) (Table.1). 

 

Table (1) Showed the mean and standard error of different skin thickness at 27 days 

post-immunization 
 Group I Group II 

No. 24 hrs 48 hrs 24 hrs 48 hrs 

1 0.5 0.2 0.5 0.3 

2 1 0.7 1.5 0.9 

3 0.9 0.6 0.9 0.5 

4 1 0.4 0.6 0.3 

5 0.8 0.4 1 0.7 

Mean±SE 0.83±0.11 0.41±0.06 1.0±0.06 0.5±0.06 

 

 Humoral immunity(the passive haemagglutination test): The AB titer showed high 

value in animals treated with celery extract and immunized with WSSAgs(288+80.S) 

as compared with animals immunized with WSSAgs alone(128+45.2),(Table.2). 
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Table (2) Showed the mean and standard error of antibody titer at 30 days post-

immunization 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 Clinical finding and bacterial isolation: The results revealed that all non-immunized 

and celery admistration animals were died during 24-48 hrs post-inoculated with 

viable virulent P.aeruginosa with severe bacterial isolation from internal organs 

.Gross examination of the target organs of these animals showed severe congestion 

and edema. Immunized with or without celery extract admistration infected animals 

showed good healthy during the course of the experiment. Post-mortem examination 

revealed no gross pathological lesion in their internal organs as well as no bacterial 

isolation. 

 Histopathological examination: Immunized animals (first group): 

- Lung; Microscopic examination of the lung showed severe lymphocytic aggregation 

around the bronchiols and interstitial tissues (Fig. 3) as well as blood vessels. 

- Liver: lymphocytic cells aggregation around the central veins was seen together with 

kupffer cells proliferation (Fig. 4). 

- Spleen: Microscopic section revealed marked periarterial lymphocytic sheet 

proliferation with hyperplasia of the endothelial cells lining of central arteries and 

proliferation of mononuclear cells around the sinus form a cord like appearance 

(Fig. 5). 

- Kidney: there were mononuclear cells (aggregation around blood vessels and sub 

epithelial layer of collecting tubules (Fig. 6). 

- The heart showed mild lymphocytic cells infiltration around blood vessels between 

muscle fiber.  

Immunized and pretreated animals (second group): 

- Lung: granulomatous lesions consisting mainly from aggregation of macrophages and 

lymphocytic cells scattered through lung parenchyma were reported in addition to 

mononuclear cells infiltration in the interalveolar septa(Fig. 1). 

- Liver: the most prominent lesion is mulifocal granulomatous lesion which 

consists of aggregation of macrophages lymphocyte and plasma cells around 

central veins and in portal areas as well as proliferation of kupffer cells(Fig.2). 

- Spleen: there was marked hyperplasia of white pulp which characterized by 

large multiple splenic corpuscles as well as mononuclear cells proliferation in 

red pulp. 

No significant lesions were reported in kidney and heart. Dead animals (in 3
rd

 

and 4
th

 groups). 

 

No. 
First group First group Second group 

1 128 156 

2 64 128 

3 

 
256 512 

4 64 256 

5 64 128 

Mean ±SE 288±80.5 128±45.2 
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- Lung:Histopathological examination revealed severe congestion of blood vessels 

with inflammatory cells in their lumen and inflammatory cells infiltration  

mainly neutrophils and mononuclear cells in the interstitial tissue and  lumen of 

the alveoli as well as thrombus in the blood vessels in addition to the destruction 

of the alveolar walls(Fig.7). 

- Liven: the liver showed acute cellular degeneration which characterized by 

vacuolation of the cytoplasm of hepatic cells in addition to hepatocellular 

coagulative necrosis and aggregation of neutrophils and macrophages in the liver 

parenchyma (Fig. 8). 

- Kidney: the pathological picture of the kidney characterized by thrombosis, 

severe neutrophils infiltration in the interstitial tissue and necrosis of the renal  

tubules (Fig. 9). 

- Heart: there were inflammatory cells infiltration manly neutrophils and 

mononuclear cells between the cardiac muscle and the lumen of congested 

blood. 

- Spleen: The major changes were depletion of white pulp, fibrin deposition, 

neutrophils and macrophages infiltration in red pulp (Fig. 10) 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (1) Histopathological section in lung of immunized animal with WSSAg , 20 days post-

challenge, showed macrophages aggregation scattered through lung parenchyma  (       ) & 

mononuclear cell infiltration in interalveolar septa   (         )  .(H&E, X66). 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig (2) Histopathological section in liver of immunized animal with WSSAg, 20 days post-

challenge, showed multifocal granulomatous lesion around central vein (        )& portal 

area & proliferation of kupffer cell (         ) . (H&E, X 123). 
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Fig. (3) Microscopic section in lung of pre-treated animal with celery and immunized with 

WSSAg, 20 days post-challenge ,showed lymphocytic aggregation in interstitial tissues & 

around bronchiols (         ). (H&E, X 123). 

 
 

 

 

 

 

 

 

 

 

 

 
Fig. (4) Microscopic section in liver of pre-treated animal with celery and immunized with 

WSSAg, 20 days post-challenge ,showed lymphocytic cell aggregation around the central 

vein (           ). (H&E, X 66). 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (5) Microscopic section in spleen of pre-treated animal with celery and immunized 

with WSSAg, 20 days post-challenge, showed lymphocytic sheet proliferation (         )with 

hyperplasia of endothelial cells lining of central arteries (         ). (H&E, X66). 
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Fig. (6) Histopathological section in kidney of pre-treated animal with celery and immunized with 

WSSAg, 20 days post-challenge, showed mononuclear cell aggregation around blood vessel (         ) 

& in sub epithelial layer of collection tubules (         )  (H&E, X 66). 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (7) Histopathological section in lung of one animal pre-treated with celery,24 hrs post-

challenge, showed sever congestion of blood vessel with inflammatory cell infiltration in 

the lumen (       ) & infiltration of nutrophil & mononuclear cell in interstitial tissue (       ) 

(H&E, X66). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (8) Histopathological section in liver of one animal pre-treated with celery, 48 

hrs post-challenge, showed nutrophil & macrophage aggregation in liver 

parenchyma (        ) with hepatocyte coagulative necrosis (         )  (H&E, X123). 
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Fig. (9) Microscopic section in kidney of one animal pre-treated with celery, 24 hrs 

post-challenge, showed thrombosis in blood vessel l (           ) & nutrophil 

infiltration in interstitial tissue (           ) & necrosis of renal tubules (           ). 

(H&E, X66). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (10) Microscopic section in spleen of one animal pre-treated with celery, 48 hrs 

post-challenge, showed depletion in white pulp (        ) with fibrin deposition (         ) 

(H&E, X123). 
 

Discussion 
The results of immunological examination showed that the whole sonicated 

salmonella typhimurium antigens elicited cell mediated and humoral immune 

response which were a highly value in animals treated with alcoholic celery extract 

and immunized with WSSAgs. This findings were in agreement with that reported by 

Al-Khafaji(25). 

Ramzi et al., (26) explained that the delayed type hypersensitivity, which is the 

principle pattern of cell mediated immunity, initiated by CD4+ T cells and direct cell 

cytotoxicity by CD8+ T cells. The WSSAgs which used in the present study contain 

all type of Salmonella antigens and these antigens induced DTH in immunized mouse, 

this observation supported the results of Mcsorley et al.,(27) Who reported Tcell 

responses against several salmonella antigens including protein antigens, porins, 

flagellar epitope, pili and lipopolysaccharide. 

According to our results, we suggested that WSSAgs were attached by residual 

macrophages and dendritic cells and this interaction lead to activate these cells to 

produce cluster of cytokines such as IL-1, IL-12. and TNF alpha as well as 

processing and presentation of WSSAgs and expressed small peptide of this antigen 
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to naive CD4+ Tcells which proliferation and differentiation into T helper cells, this 

idea were agreement with observation provided by Murphy et al .,(28); Jains(29). 

Our finding demonstrated that WSSAgs elicited DTH and humoral immune 

response and the celery extract augment these immune response, this results were 

similar to those  reported by Al-khafaji (24) who showed that immunized mice 

with WSSAgs, developed DTH and antibody titer with high value in mice pretreated 

with celery extract and immunized with WSSAgs. 

The death of all non-immunized and celery administration infected animals with 

severe bacterial isolation from internal organs compared with immunized and 

pretreated immunized infected animals which showed good healthy and no 

bacterial isolation from internal organs, indicated that the WSSAgs induced a good 

immune response against challenge with Pseudomonas aeruginosa. Pseudomonas 

aeruginosa has extra and intracellular stages in their course of infection (30), 

therefore, both cell mediated and humoral immune response play critical role in 

protection against this microorganism. The host defense mechanism against intracellular 

pathogens infection is due the phagocytosis of TNF-producing macrophages which are 

activated by IFN-gamma producing by NK cells and T helper cells (31). Activated 

macrophages become more bactericidal particularly through the production of nitric 

oxide, intermediate oxygen's reactive and have an increased ability to present 

bacterial antigen to CD4—T cells resulting in their differentiation into effectors cells 

and the sterile eradication of the M.O (32). According to this evidence, WSSAgs 

may be activated CD4+ and CD8+ T cells which may be might important role in 

non-specific resistance against Pseudomonas aeruginosa. 

The lipopolysaccharide of Pseudomonas aeruginosa is very similar to LPS of 

enterobacteriaceae and O-polysaccharide is highly antigenic and highly heterogeneous 

and it is generally immunodominant (33) Jennifer etal.,(34) reported that oral or I/P 

administrated a live, attenuated Salmonella vaccine strain expressing the 

P.aeruginosa serogroup O11O antigen via the plasmid PLPS2 induced a robust       

P aeruginosa O-antigen specific  immune response after vaccination .Toth etal.,(35) 

reported that vaccination with a Salmonella enterica serover Dublin strain expressing 

P. aeruginosa OPrI was able to protect about 10-20% of Cy-treated vaccinated mice 

from oral challenge with P.aeruginosa. 

Results of pathological examination confirmed the results of bacterial and 

immunological examination, the presence of granulomatous lesion in the internal 

organs of immunized infected animals at day 20 post-challenge, despite the some M.O 

disseminated from the site of infection to internal organs and immune cytokines 

stimulated macrophages to sequester M.O forming granulomatous reaction which 

reduce intracellular bacterial multiplication and destroyed it. This evidence was 

agreed with (36) Who explained that the level of hepatic bacterial burden correlated 

with the level of granuloma formation? Granuloma may persist until the invasion 

intracellular pathogens are destroyed, and then the lesions will slowly resolve (37). 
Lymphoid tissues hyperplasia with no granulomatous reaction in the internal organs of 

pretreated immunized animals indicated that celery extract augment the immune response in 

the immunized animals. carotene in celery acts as immunostimulatory and increase the rate 

of CD4+/CD8+ Tcells in treated mice (38). Also the secondary metabolic products of celery 

extract such as sequiterpense, hemiterpense and coumarins stimulated the immune cells to 

produce IL-12 which play critical role in activation of NK cells, neutrophils, macrophages, 

T and В cells (39). 

The death of non-immunized animal during the, first 24-48 hrs post -infection 

with severe acute suppurative lesion in the internal organs may be indicated that the 
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M.O rapidly disseminated from the site of inoculation to the internal organs and 

induce septic shock and multifailure organs. The invasion of Pseudomonas 

aeruginosa host cells particularly phagocytic cells, stimulated these cells to produce pro-

inflammatory cytokines such as IL-l, IL-8, IL-6, TNFalpha and matrix metalloproteinase 

(40) and these cytokines enhanced the infiltration of neutrophils in the inflamed area and 

activated neutrophils elastase which lead to acute necrotized suppurative lesion in the 

infected organs (41). 
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