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ABSTRACT 
Gram-negative bacteria can cause many serious infections, such as pneumonia, peritonitis, urinary tract 
infections, bloodstream infections and  wound or surgical site infections. The present study aimed to 
demonstrate the role of Aeromonas hydrophila infection in innate and adaptive immune responses, lipid 
profiles and liver and kidney functions in male albino rats. Animals were divided into control groups 
that were injected intraperitoneally with saline solution (0.9% NaCl) and treated groups that received 
daily intraperitoneal injection with 0.2ml of bacterial suspension containing 6 × 10� cells/ml of 0.9% 
NaCl. Rats were sacrificed at the days 4, 8, 12, 16 post-injection and  the results indicated that bacterial 
infection induced alterations in most of the measured parameters. The biochemical changes recorded 
were characterized by decreased serum total proteins, albumin, urea, uric acid, AST, ALT and HDL 
cholesterol. On the other hand, remarkable increase was noticed in total lipids, total cholesterol and 
(LDL) cholesterol.  Marked increase was noticed in total WBCs, monocyes, eosinophils, basophils 
neutrophils, phagocytosis in vitro and in vivo, PFC percentage, agglutination ratio, total 
immunoglobulin level. On the other hand, a marked decrease was noticed in lymphocytes percentage 
(lymphopenia), leukocyte migration inhibition factor (MIF) and Positive results of the precipitation test 
in all infected rats were recorded. Conclusion: From the previous results, we can conclude that 
Aeromonas hydrophila infection could affect the innate, cell-mediated and humoral immunity and liver 
and kidney functions in mammals. The complications accompanied with Aeromonas septicaemia may 
be attributed to the immunological and biochemical changes resulted from the bacterial infection, so, 
the use of immuno-modulator is necessary in treatment besides the antibacterial drugs. 
 
Keywords: Gram-negative bacteria, immune system, liver and kidney functions, lipid profiles, albino 

rats. 

 
1. Introduction 

 
Gram-negative bacteria (GNB) are among the most significant public health problems in the 

world due to the high resistance to antibiotics. These microorganisms have great clinical importance in 
hospitals because they put patients in the intensive care unit (ICU) at high risk and lead to high 
morbidity and mortality (Batirel et al., 2011 and Hormozi et al., 2018, Carbapenem, 2017, Ruppé et al., 
2015 and Carbapenem, 2019). These organisms have a range of mechanisms to prevent the action of 
many antimicrobials used in clinical medicine. Gram-negative bacteria can cause many serious 
infections in humans, including urinary tract infections, pneumonia, diarrhea, meningitis, sepsis, 
endotoxic shock, bloodstream infections, wound or surgical site infections, peritonitis and many others 
(Ruppé et al., 2015, Naas et al., 2016 and Hassan et al., 2020).  

Gram-negative bacteria have two membranes. The external membrane expresses a potent 
immune response inducer, lipopolysaccharide (LPS), which is composed of three units: a hydrophilic 
polysaccharide, O antigen, and a hydrophobic domain known as lipid A. Lipid A is responsible for the 
higher endotoxic activity of these bacteria (Auer and Weibel, 2017).  LPS can trigger the innate immune 
response through Toll-like receptors 4 (TLR4), which occurs in many immune cells such as monocytes, 
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macrophages, dendritic cells, and neutrophils. The resulting activation of the innate immune response 
mediated by LPS together with TLR4 receptors culminates in an exacerbated response with the 
production of cytokines, chemokines, and interferons. The response of the immune system depends on 
both the severity of the infectious process and the structure of the LPS in the aggressive bacteria 
(Livermol, 2012).   

Aeromonas species are Gram-negative, facultative anaerobic bacteria, with a wide distribution in 
nature. These bacteria can grow and produce enterotoxin and hemolysin at refrigeration temperatures 
of 4°C.  Aeromonas species are significant potential agents in foodborne illnesses since they have been 
isolated from fresh and raw foods. Today, the genus Aeromonas is regarded not only as an important 
disease-causing pathogen of fish and other cold-blooded species, but also as the etiologic agent 
responsible for a variety of infectious complications in both immunocompetent and 
immunocompromised persons. Most of the 14 described species have been associated with human 
diseases. The most important pathogen is Aeromonas hydrophila that has been reported as the most 
predominant pathogenic bacterial species for fish aquaculture and has accountable for lesions of fish 
farms and high mortality rates that result in a worldwide economic crisis to the aquaculture industry 
(Austin, 2012, Hassan et al., 2017).  

Aeromonas hydrophila are inhabitants of aquatic ecosystems and are found in most parts of the 
world. They can be found in fresh produce, meat, vegetables, seafood and dairy products. Infection with 
Aeromonas hydrophila can result in gastrointestinal infection range from diarrhea to dysentery, 
hemolytic syndrome, kidney disease, cellulitis, wound and soft-tissue infection, meningitis, bacteremia 
and septicemia ocular infections, pneumonia and respiratory tract infections, urinary tract infection in 
neonates, osteomyelitis, peritonitis and acute cholecystitis. Gastroenteritis typically occurs after the 
ingestion of contaminated water or food, whereas wound infections result from exposure to 
contaminated water. Invasive Aeromonas infections usually occur amongst immunocompromised 
individuals, primarily in patients with solid or hematologic malignancies or hepatobiliary disease, but 
healthy individuals may also be affected after sustaining traumatic and crush injuries, near drowning 
events, and burns (Janda and Abbott, 2010) 

Recently, several studies showed that Aeromonas hydrophila could cause adverse effects in 
different organs of fish infected, where A. hydrophila indicated liver and kidney damage that can be 
attributed to the presence of many extracellular toxins and enzymes such as cytotoxins, hemolysins, 
enterotoxins and proteases that are excreted from the virulence of Aeromonas hydrophila (Abd-El-
Rhman, 2009, El-Barbary, 2010, Ahmad et al., 2011, Souza et al., 2016 and Dos Santos et al., 2017) 

Despite the importance that Aeromonas hydrophila has gained in recent years as an etiological 
agent in many diseases in human, relatively few studies have examined the adverse effects of 
Aeromonas hydrophila on different organs functions in mammals. Moreover, until now, the effect 
of Aeromonas hydrophila infection on the innate, cell-mediated and humoral immunity has been rarely 
studied, although it is very important as it is of potential importance for the immunological control of 
different diseases caused by Aeromonas hydrophila in human and mammals. To date only limited 
information is available in understanding these immunological responses. This study, therefore, was 
designed to understand the immunological mechanisms underlying resistance to infection by 
Aeromonas hydrophila in mammals and to determine whether Aeromonas hydrophila is capable of 
causing biochemical alterations concerning lipid profile and liver and kidney functions in male albino 
rats. 
 
2. Material and Methods 
 
2.1. Experimental Animals 

Forty (40) male healthy albino rats (Rattus norvegicus) (body weight 120 - 130gm) were included 
in the present study. The rats were obtained from Faculty of Medicine, Minia, Egypt. Rats were 
examined well to ensure that they are free from any signs of microbial or parasitic diseases. The study 
protocol was approved by the animal Ethics Committee of the Zoology Department at the Faculty of 
Science, Minia University according to Helsinki principles. The rats were housed in well aerated cages 
with sawdust bottom coating under hygienic condition and were provided commercial rodent diet and 
water ad libitum for two weeks before carrying out the experiment procedures for adaptation and housed 
in temperature controlled room (25°C) with constant humidity and 12h/12h light/dark cycle. 
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2.2. Bacteria 
A- 47 strain of Aeromonas hydrophila was supplied by Botany Department, Faculty of Science, 

Minia University. This strain was mainly identified, purified serologically and provided by Dept. of 
Microbiology, Faculty of Science, Al- Azhar University.  

 
2.2.1.  Media 
Nutrient agar (PH 6.8) and nutrient broth (PH7.5-7.6) were used for the bacterial growth. 
Nutrient agar (PH 6.8) consists of: 

Meat peptone 5g, beef extract 3g, sodium chloride 5g, agar 15g, distilled water1000 ml. 
 
Nutrient broth (pH 7.5-7.6) contains 

Peptone 5g, beef extract 5g, sodium chloride 5g, and distilled water 1000ml. 
The components were autoclaved at 121oC for 15 minutes after they were dissolved by heating. 
 
2.2.2. Bacterial isolates identification: 

Colonial growth criteria, morphological and motility characteristics were used for the 
identification of bacteria. The identification process was performed according to Cruickshank et al. 
(1975). The collected were streaked on nutrient agar plates and incubated at 28oC for 24 hours. The 
well identified Aeromonas hydrophila colonies were inoculated into nutrient agar slants as stock for 
further phenotypic identification. 

 
2.2.3.  Quantitative bacteriological determination: 

Numbers of bacteria were calculated according to the matching technique developed by Mc 
farland after some modifications by measuring the optical density of both turbidity standards and 
bacterial cell suspensions at 650nm (Baron et al., 1994).  

 
2.3. Experimental design: 

Rats were divided into four main groups, each group consisted of ten animals and subdivided 
into two subgroups (control and treated), each of five animals. Treated subgroups were daily injected 
intraperitoneally  (I.P)  with A. Hydrophila isolates with 0.2 ml of one day bacterial cell suspended in 
sterile saline solution (0.9% NaCl) equivalent to 6× 10�  bacterial cell/ml. Control subgroups received 
an equal dose of 0.9% NaCl by the same manner. Both control and treated subgroups were sacrificed 
after 4,8,12 and 16 days respectively. 

 
2.4. Collection of blood and tissue samples: 

After each duration, rats of control and treated subgroups were sacrificed and two blood samples 
were immediately collected. The first sample was collected in heparinized tube (2.25�/5ml blood) for 
white blood cells, the test of migration inhibition factor (MIF) and the rest was centrifuged for 5 minutes 
at 3000 rpm to separate plasma used in some biochemical studies. The second sample was collected in 
non-heparinized tube and allowed to clot at room temperature for separating serum stored at (-80oC) for 
biochemical studies and some immunological tests (PFC, agglutination, precipitation and total 
immunoglobulin). After animal dissection, samples from spleen were fixed in phosphate buffer saline 
(PBS) for immunological studies (plaque and rosette forming cell assays).   

     
2.5. Biochemical and immunological analysis 

Serum total lipids concentration was calculated by the method described by Zollner and Kirsch 
(1962). Serum triglycerides concentration was determined according to the method described by Fossati 
and Lorenzo (1982). Total Cholesterol, LDL-cholesterol, and HDL-cholesterol concentrations were 
calculated in serum using the method described by Tietz (1995).  Serum uric acid, urea, total protein 
and albumin were estimated by using diagnostic kits following the procedures followed by Olubanke 
(2012). The levels of serum alanine and aspartate aminotransferase (ALTandAST) were determined 
spectroscopically in serum according to the method of Henry (1964) and Tietz (1995)  

Total Leukocyte counts and differential Leukocyte counts were measured on hematological 
analyzer following the procedure as mentioned by Dacie and Lewis (1984). The phagocytosis in vitro 
of polymorphonuclear leukocytes using Candida albicans was determined by separation of 
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polymorphonuclear cells using Ficoll-histopaque-1119 and Ficollhistopaque-1077 (Sigma-diagnostics) 
as described by Wilkinson (1981). The phagocytic activity (in vivo) of polymorphonuclear leukocytes 
was determined with a phase contrast microscope according to El-Feki (1994). The cell mediated 
immune response was determined by carrying the immunocytoadherence (Rosette forming cell, RFC) 
technique as described by Ali (1987). The migration inhibition factor of leucocytes (MIF) was measured 
using capillary technique (Abu El- Saad, 1996). The humoral immune response was established using 
the plaque forming cell (PFC) technique of Kanakambica and Muthukkaruppan (1972). The detection 
of agglutinating antibodies was established according to the hemagglutination technique (Hudson and 
Hay 1980), the detection of precipitating antibodies was carried out using the double immuno- diffusion 
technique (Hudson and Hay 1980) and the quantitation of serum immunoglobulin was carried out by 
Zinc sulphate turbidity method (Pfeiffer et al.,1977). 

  
2.6. Statistical analysis:  

Results were represented as mean ± standard error (M± SE). Student’s t-test was applied in the 
present study, as was described by Snedecor and Cochran (1971). 
 
3. Results                
 
3.1. Immunological studies        

In the present study, injection with Aeromonas hydrophila induced significant increase (P< 0.01) 
in the total count of leucocytes at the first time interval compared with the corresponding control. On 
the other hand, the other three intervals exhibited decrease in the count in comparison with the 
corresponding control values. This decrease was significant at the second (P< 0.001) and third (P< 0.05) 
time intervals (Table 1). 

The data listed in (Table 1) showed significant increase (P< 0.001) in the number of neutrophils 
throughout the period of the bacterial injection in comparison with the corresponding control. On the 
other hand, there was a marked decrease in the number of lymphocytes all-over the experimental 
duration compared with the corresponding controls (P< 0.001).  

On the other hand, the recorded results in Table (1) showed significant increase (P< 0.05) in 
basophils and acidophils counts in comparison with the control ones. This increase was highly 
significant (P< 0.01) in acidophils number at the last time interval.  Also, the present data indicated an 
increase in the number of monocytes after bacterial injection compared to the corresponding controls, 
except after 8 days of injection. This increase was significant (P< 0.05) at the last two time intervals. 
 
Table1: Effect of intraperitoneal injection of Aeromonas hydrophila on leucocytes total and differential 

counts in albino rats. 

Variables 
Days 

Group 
4 8 12 16 

Total WBCs 
C 8400.0± 169.50 10540.0 ±271.50 11490.0 ±519.70 8640.0 ±486.20 
T 10470.0** ±581.3 8275.0*** ±168.90 9320.0* ±729.80 7940.0 ±213.10 

Neutrophils% 
C 22.20± 0.60 20.30 ±0.20 21.20±0.40 21.10±0.40 
T 27.60*** ±0.20 27.90*** ±0.20 27.70*** ±0.30 27.70*** ±0.30 

Lymphocytes 
% 

C 71.50 ±0.40 73.20 ±0.10 73.30±0.20 73.20±0.40 
T 65.70*** ±0.40 64.90*** ±0.30 65.70*** ±0.30 65.70*** ±0.20 

Basophils % 
C 0.60 ±0.02 0.50 ±0.02 0.50±0.04 0.50±0.04 
T 0.70 ±0.04 0.60*±0.04 0.60*±0.03 0.60*±0.03 

Acidophils % 
C 1.96 ±0.20 1.90±0.09 1.60±0.09 1..40±0.09 
T 2.10 ±0.09 2.20*±0.09 1.90* ±0.04 1.90** ±0.09 

Monocytes% 
C 3.80 ±0.20 4.10±0.09 3.50±0.10 3.80±0.09 
T 4.00 ±0.10 4.00±0.09 4.00*±0.09 4.20*±0.10 

Values are expressed as means ± SE 
* P< 0.05  ** P< 0.01  *** P< 0.001 
Comparisons are made at each time interval between the Aeromonas hydrophila treated group (T) and the corresponding 
control (C). 
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The phagocytic activity of the leukocytes after bacterial injection indicated the changes which 
occurred in the innate immunity as the percentage of the phagocytes either in vivo or in vitro increased 
at all times when compared with the controls. The increase in the percentage of the phagocytes in vivo 
was very highly significant (P< 0.001) and the maximal percentage was obtained after 4 days of 
injection. On the other hand, the in vitro phagocytic activity exhibited significant increase (P< 0.01), 
(P< 0.05), (P< 0.01), and (P< 0.001) at the first, second, third and fourth time intervals respectively 
compared with the corresponding controls (Table 2). 

 
Table 2: Effect of intraperitoneal injection of Aeromonas hydrophila on the phagocytic activity of 

albino rats. 
            Days  

Assays  
4 8 12 16 

C T C T C T C T 

In vivo  0 
20.32*** 

±1.79 
0.38 

±0.76 
12.30*** 

±1.49 
1.30 

±1.85 
15.70*** 

±1.20 
1.30 

±1.70 
20.50*** 

±1.14 

In vitro 
25.30 
±3.70 

44.53** 
±5.81 

29.00 
±3.27 

46.55* 
±15.21 

25.70 
±5.54 

49.20** 
±11.22 

29.70 
±5.99 

59.23*** 
±6.20 

Values are expressed as means ± SE 
* P< 0.05  ** P< 0.01  *** P< 0.001 
Comparisons were made at each time interval between the Aeromonas hydrophila - treated group (T) and the 
corresponding control (C). 

 
The cell- mediated immune response was estimated by carrying the immunocytoadherence 

(rosette forming cell, RFC) technique and the migration inhibition factor of leucocytes (MIF). The RFC 
increased up to the end of the experiment (P< 0.001) in comparison with the control values. The 
percentage of migration inhibition factor deceased after injection with the bacterial suspension when 
compared with the control values. This decrease was very highly significant (P< 0.001) at the second 
and fourth time intervals and highly significant (P< 0.01) at third time interval (Table 3). 
 
Table 3: Effect of intraperintoneal injection of Aeromonas hydrophila on the cellular immunity in 

albino rats. 
           Days  

Assays  
4 8 12 16 

C T C T C T C T 

PFC 
0.50 

±0.88 
14.21*** 

±2.55 
0.70 

±1.32 
18.60*** 

±1.17 
1.02 

±1.33 
21.19*** 

±1.30 
0.39 

±0.82 
20.02*** 

±1.58 

MIF 
2.13 

±0.34 
1.08 ±0.57 

3.03 
±0.81 

1.22*** 
±0.27 

1.12± 
1.36 

1.31** 
±0.32 

3.41 
±0.59 

1.61*** 
±0.50 

Values are expressed as means ± SE 
* P< 0.05  ** P< 0.01  *** P< 0.001 
Comparisons were made at each time interval between the Aeromonas hydrophila - treated group (T) and the 
corresponding control (C). 

 
Humoral immunity was measured herein via the plaque forming cell (PFC) assay, 

haemagglutination test, precipitation technique and the determination of total immunoglobulin (Ig.). 
The percentage of the plaque forming cells showed very highly significant increase (P< 0.001) during 
the periods of injection in comparing with the corresponding controls. Also, the agglutinating antibodies 
production with the bacterial antigen increased along the time intervals. This increase was very highly 
significant (P< 0.001) at the first and second time intervals and highly significant (P< 0.01) at the third 
and fourth time intervals. Moreover, the precipitating arc appeared in all time intervals, but it was much 
higher at the second time interval. Also, the total immunoglobulin of the treated rats was higher than 
that of the corresponding control in most time intervals, while, there was a decrease on the 12th day 
compared with the corresponding control (Table 4).  

 
3.2 Biochemical studies: 

Table (5) demonstrates that estimation of plasma total proteins after bacterial inoculation showed 
a decrease in protein concentration all-over the treated subgroups. Very highly significant values (P< 
0.001) were recorded after 12 and 16 days of injection compared with the corresponding controls.  
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Table 4: Effect of intraperitoneal injection of Aeromonas hydrophila on the humoral immune response 
in albino rats. 

              Days  
Assays  

4 8 12 16 
C T C T C T C T  

PFC  
0.50 ± 
0.8 

15.40*** 
±1.81 

0.21 
±0.45 

16.42*** 
±1.94 

1.00 
±1.00 

18.99*** 
±1.14 

0.60 
±1.33 

20.70*** 
±1.81 

Agglutination  
3.00 
±4.41 

5.00*** 
±1.30 

4.00 
±3.20 

9.00*** 
±0.40 

4.00± 
2.50 

8.00** 
±1.70 

4.00 
±2.00 

6.00** 
±2.40 

Total Ig  
15.40 
±2.59 

20.99 
±8.91 

15.78 
±4.19 

26.31 ± 
9.84 

17.41 
±6.62 

15.72 
±8.52  

14.89 
±1.88 

23.23 
±8.99 

Precipitation  - +Ve - ++Ve - +Ve - +Ve 
Values are expressed as means ± SE 
* P< 0.05  ** P< 0.01  *** P< 0.001 
Comparisons were made at each time interval between the Aeromonas hydrophila - treated group (T) and the 
corresponding control (C). 

 
Table 5: Effect of intraperitoneal injection of Aeromonas hydrophila on plasma total proteins and 

albumin concentrations in albino rats. 

Variables 
Days 

Group 
4 8 12 16 

Total proteins (g/dl) 
C 7.23±0.20 6.70±0.20 6.80±0.20 6.90±0.10 
T 6.60±0.40 6.40±0.30 3.90*** ±0.50 4.20*** ±0.20 

Albumin (g/dl) 
C 3.60± 0.20 3.50±0.20 3.60±0.20 3.60±0.20 
T 1.80*** ±0.04 2.50*** ±0.10 2.80*** ±0.10 2.90*** ±0.10 

Values are expressed as means ± SE 
* P< 0.05  ** P< 0.01  *** P< 0.001 
Comparisons were made at each time interval between the Aeromonas hydrophila - treated group (T) and the 
corresponding control (C). 

 
Also, the present data showed a decrease in albumin concentration all-over the treated subgroups 
compared with the corresponding controls. This decrease was very highly significant (P< 0.001). 

Total lipids content of serum tended to increase with the continuous injection of bacteria. All 
treated subgroups had higher lipids concentrations than the control except the first subgroup (Table 6). 
This subgroup value had a significant decrease (P< 0.05) compared to the control. A very highly 
significant increase (P< 0.001) in concentration was recorded after eight days of the inoculation 
compared to the corresponding control. 

As regard total cholesterol concentration, the first subgroup showed a very highly significant 
decrease (P< 0.001), while the 2nd and the last ones had very highly significant increases (P< 0.001), 
over the control (Table 6). The value of the 3rd subgroup had nearly located at the range of the control 
value and was non-significant values. 

Concerning HDL concentrations after the Aeromonas injection (Table 6), very highly significant 
decrease (P< 0.001) was obtained after 4 days of inoculation. This decrease was highly significant (P< 
0.01) at the third time interval. On the other hand, the second time interval treated subgroup showed a 
highly significant increase (P< 0.01) in HDL in comparison with the corresponding control. Also, the 
fouth time interval treated subgroup showed very highly significant increase (P< 0.001) in HDL in 
comparison with the corresponding control. 

In contrast to the results of HDL, LDL cholesterol values increased at different periods of 
Aeromonas injection, when compared with the controls (Table 6). This increase was significant (P< 
0.05) at the second and fourth time intervals compared to the corresponding controls. 

Control and treated concentrations of serum triglycerides were recorded in Table (6), showing 
the differences occurred after the Aeromonas injection. The first treated subgroup showed a highly 
significant decrease (P< 0.01) in comparison with the corresponding control. Conversely, the second 
time interval treated subgroup showed a highly significant increase (P< 0.01) in comparison with the 
corresponding control. 
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 Table 6: Effect of intraperitoneal injection of Aeromonas hydrophila on total lipids, total cholesterol, 
HDL-cholesterol, LDL-cholesterol and triglycerides in albino rats. 

Variables 
Days 

Group 
4 8 12 16 

Total lipids (g/l) 
C 1.40 ±0.20 1.50±0.30 1.50±0.20 1.60±0.20 
T 0.60*± 0.20 3.30*** ±0.30 2.00±0.30 2.40*±0.30 

Cholesterol 
(mg/dl) 

C 116.40±5.30 111.30±5.30 114.30±3.90 112.40±5.20 
T 65.50*** ±7.80 154.60*** ±6.40 100.00±6.40 163.60*** ±6.40 

HDL (mg/dl) 
C 55.60±2.90 55.50±3.30 55.80±2.80 56.00±3.00 
T 13.80*** ±1.90 73.70** ±3.20 38.50**±2.70 80.30*** ±2.90 

LDL (mg/dl) 
C 39.20±3.40 35.90±3.00 39.20±3.10 37.70±2.90 
T 40.90±5.50 50.90*±5.80 43.50±3.60 59.30*±7.70 

Triglycerides 
(mg/dl) 

C 108.00±5.80 108.00±5.80 100.00±7.10 110.00±7.10 
T 54.00** ±9.30 150.00** ±7.10 90.00±7.10 120.00±7.10 

Values are expressed as means ± SE 
* P< 0.05  ** P< 0.01  *** P< 0.001 
Comparisons were made at each time interval between the Aeromonas hydrophila - treated group (T) and the 
corresponding control (C). 

 
Table (7) demonstrates the effect of the Aeromonas inoculation on the activity of serum AST.  

AST activity was gradually decreased during the different time intervals comparing to the controls. This 
decrease was significant (P< 0.05) at the first and second time intervals, highly significant (P<0.01) at 
the third time interval and very highly significant (P<0.001) at the fourth time interval. Also, the present 
data revealed significant decrease in ALT activity during the different time intervals compared to the 
controls with the bacterial inoculation. This decrease was very highly significant (P<0.001) at the first 
time interval, highly significant (P<0.01) at the third time interval and significant (P<0.05) at the second 
and fourth time intervals compared to the control one. 
 
Table 7: Effect of intraperitoneal injection of Aeromonas hydrophila on serum AST and ALT activity 

in albino rats. 

Variables 
Days 

Group 
4 8 12 16 

AST 
(unit/ml) 

C 0.48±0.03 0.47±0.04 0.47±0.04 0.47±0.03 
T 0.38*±0.03 0.36*±0.03 0.37**±0.01 033***± 0.02 

ALT 
(unit/ml) 

C 0.97±0.02 0.95±0.03 0.98±0.01 0.97± 0.03 
T 0.73***± 0.04 0.76*±0.05 0.79** ±0.05 0.79*± 0.05 

Values are expressed as means ± SE 
* P< 0.05  ** P< 0.01  *** P< 0.001 
Comparisons were made at each time interval between the Aeromonas hydrophila - treated group (T) and the 
corresponding control (C) 

     Bacterial inoculation exhibited significant increase in serum urea all-over the treated 
subgroups compared with the corresponding controls. This increase was very highly significant (P< 
0.001) at the second, third, and fourth time intervals. Also, serum uric acid concentrations showed a 
very highly significant increase (P< 0.001) along the periods of injection in all subgroups, when 
compared with the control ones( Table 8).  
 
Table 8: Effect of intraperitoneal injection of Aeromonas hydrophila on blood urea and uric acid in 

albino rats. 

Variables 
Days 

Group 
4 8 12 16 

Urea 
(mg/dl) 

C 60.40 ± 6.70 59.70± 5.50 57.00±5.50 60.60±5.20 
T 88.10 ± 11.80 141.80***± 14.80 141.80***± 10.60 130.00***± 6.90 

Uric acid 
(mg/dl) 

C 2.00 ± 0.10 2.00±  0.10 2.20± 0.10 2.10±0.10 
T 4.900***± 0.40 5.40***± 0.30 6.20 ***±0.30 5.60***±0.50 

Values are expressed as means ± SE 
* P<0.05  ** P<0.01  *** P<0.001 
Comparisons were made at each time interval between the Aeromonas hydrophila - treated group (T) and the 
corresponding control (C). 
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4. Discussion 
Aeromonas hydrophila is a pathogenic organism that causes a broad spectrum of diseases in 

humans and animals. While it was thought to be an opportunistic pathogen in humans, a growing 
number of intestinal and extra-intestinal cases of disease indicate that Aeromonas hydrophila is an 
emergent human pathogen, irrespective of the immunological aspects of the host. An increasing number 
of reports have implicated Aeromonas species as the etiologic agent in acute diarrhea and in wound and 
skin injuries, indicating that these organisms are more important than previously 
thought.  Aeromonas species produce a variety of virulence factors, including hemolysins, enterotoxins, 
cytotoxins and adhesins, that have been implicated in the pathogenicity of bacteria. A cytotoxic 
enterotoxin also known as ‘aerolysin’, which has enterotoxic, cytotoxic and hemolytic activities, has 
been described as the most powerful virulence factor associated with Aeromonas-mediated 
gastrointestinal illnesses (Igbinosa et al., 2012 and Liu et al., 2017).  

The present study demonstrated that, during the last three time intervals, the leucocytes showed 
a continuous decrease in number in response to the bacterial injection compared with the control, which 
might have been due to the failure of the haemopoietic tissue in supplying the blood circulation with 
mature leucocytes. Such effects may be due to a possible inhibitory action of the bacterial toxins and/ 
or due to the requirement of these cells in the inflammatory reaction due to the bacterial injection (Anitra 
and Silvia, 2017).  

The neutrophils showed a marked increase in number all-over the experimental duration in 
response to the bacterial injection. This increase may be due to the stress accompanied with bacterial 
injection and the rapid cell proliferation. Neutrophils are harbored elsewhere in the body pre-stress and 
empty post- stress. In addition, neutrophils increase may be due to their phagocytic activity. 
Furthermore, neutrophils count may elevate after the bacterial injection since their azurophilic granules 
have bactericidal- permeability increasing protein that inhibits the biological activity of LPS (El-Feki 
et al., 2003).    

The present results showed a clarified depletion in the lymphocytic count all-over the 
experimental duration in response to bacterial injection compared to the controls. This may be due to 
the lymphocyte arrest phenomenon, i.e. an inhibition of their release into the blood due to two reasons: 
(1) the increase of the density of the lymphocyte- like cells, and (2) a massive proliferation that could 
justify the increase in their mean percentage. A previous study postulated that LPS in the bacterial cell 
walls induces the depletion of the lymphocytes in the lymphoid organs in LPS- sensitive mice not in 
LPS- resistant mice. Also, lymphocytic decrease is probably attributed to the fact that lymphocytes are 
responsible for achieving specific defense mechanisms against bacterial pathogen (Norimatsu et al., 
1995 and Marshall et al., 2018). 

The present results showed a marked change in the number of basophils after bacterial injection 
compared with the control, as there was an insignificant increase in the first subgroup followed by a 
significant increase in the last three ones. This increase may be attributed to the allergy induced by the 
antigen (El-Feki et al., 2000).  Acidophile is a component of the innate immune system that has a variety 
of functions, including defense against intracellular bacteria. The net effect of acidophiles is to dampen 
down the inflammatory response induced by microbial infection. Consequently, the increased number 
of acidophiles all-over the experiment duration compared with the control in the present study may be 
due to the engagement of these cells in defensive processes against the antigen (Kay, 2015). 

Regarding the monocytes count, the infected rats showed a marked increase in monocytes count 
compared with the control. This increase may be due to the increase in haemopoietic activity after the 
exocytosis done by monocytes after the discharge of their granules to lyse the antigen extracellulary. It 
may be, also, due to the stress factor that accompanied injection or due to the chemotactic response to 
the lipid rich material of the bacterial LPS. Monocytes have the ability to modify, deacylate and 
dephosphorylate the chemical nature of the LPS moieties (Lipid A, Oligosaccharide core and O- chain) 
and alter the reactivity of these molecules against specific antibodies (Forestier et al., 1999 Rott et al., 
1985). 

Phagocytosis, a critical early event in the microbicidal response of neutrophils, is now 
appreciated to serve multiple functions in a variety of cell types. Professional phagocytes play a central 
role in innate immunity by eliminating pathogenic bacteria, fungi and malignant cells, and contribute 
to adaptive immunity by presenting antigens to lymphocytes. It is the main mechanism for the 
destruction of bacterial pathogens in mammals (Lim et al., 2017). The current study showed increased 
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phagocytic index in all treated rats in response to bacterial infection and this may be related to the 
induction of the phagocytic and killing activity of macrophages and neutrophils which caused by the 
increased LPS on bone marrow and spleen cells (Saito Taki and Nakano, 1982, Anitra and Silvia, 2017). 
The increase in the phagocytic activity either in vivo or in vitro may be attributed to the ability of the 
macrophage to deacylate and dephosphorylate the lipid A moiety of the enterobacterial LPS 
accumulating within them. Also, macrophages degraded the O-antigen chain and the core 
oligosaccharide of the enterobacterial lipopolysaccharides. Also, the elevated phagocytic index may be 
due to the increase of the neutrophils released from marginated vascular endothelium as a result of early 
defense against antigen infection. In addition, the production of C- reactive protein (CRP) activates 
macrophages, and has an opsonizing effect on the phagocytosis. Furthermore, the increase in the 
phagocytic activity may be related to the increase in the endotoxin – coated RBCs debris as a result of 
the action of bacterial haemolysin or other bacterial factors as phospholipase (Abu-El-Saad, 1996, 
Forestier et al., 1999, Steele et al., 1987, Kodama et al., 1989 and Marshall et al., 2018). 

The results of the humoral immune response of albino rat, after the bacterial injection, 
demonstrated that PFC, RFC agglutinating antibodies, total immunoglobulin and precipitating 
antibodies increased all-over the experimental period. The increase in most of the immune assays may 
be due to the antigenic challenge, which may in turn be due to the secretion of interferon or to the 
secretion of interleukin (IL-1), the lymphocyte activating factor or may be due to the secretion of B- 
cell growth factor by macrophages which synergies with IL-I in B- cell activation (El-Feki et al., 1999). 

The elevated agglutinating titres following the bacterial infection were recorded as a result of the 
continuous stimulation of the antibodies by the T-independent nature of certain components found in 
Aeromonas hydrophila. It may also be attributed to the elevation in the total immunoglobulin level 
demonstrated here (Abu El-Saad; 2001, Bonilla and Oettgen, 2010). 

The increased level of total immunoglobulin in Aeromonas treated rats may be due to the fact 
that B- cells, complement and natural antibodies are the most effective components for host survival 
(Bachmann and Kopf, 1999). Also, the activation of classical pathway of the complement activity in 
fish requires antigen – antibody interaction to recognize bacterial surface antigens. Thus, the elevated 
immunoglobulin level may be due to their binding to the surface component of the gram- negative 
bacteria, and their ability to overcome the resistance to serum killing activity of the complement. Also, 
this elevation of the total immunoglobulin level may be due to the fact that LPS interaction with the 
cellular components leads to the polyclonally activation of the B- cell subsets and secretion of the 
immunoglobulin (Boesen et al., 1999). 

The weak results of the precipitation test might be due to the fact that the antigen used is a 
molecular antigen not a soluble one and it would be expected to have lower titre of precipitating factors 
in the infected sera when compared to the control one. Also, it may be attributed to the presence of high 
molecular weight of LPS that is strongly mitogenic and may have an adverse effect on the immune 
response (Abu El-Saad, 1996, Bonilla and Oettgen, 2010).          

In the present study, the biochemical investigations revealed high decrease in plasma total 
proteins level at all experimental periods. These results came parallel to the findings of El-Barbary 
(2017) and Abu El-Saad (2001) who recorded that the decrease in plasma total proteins level to fall to 
about the half of its baseline values in septicaemia infection came with aeromonas hydrophila infection. 
The low total proteins content may be due to the hepatic dysfunction, increased capillary permeability 
for plasma proteins, or its degradation by the proteolytic enzymes releasing from the endothelial cells 
that were destroyed by the bacterial endotoxin (Stoskopf, 1993). 

Karima et al., (1999) mentioned that neutrophils which were activated by LPS secrete nitric oxide 
(NO) that has a direct effect on various enzymes containing an iron – sulpher moiety in their catalytic 
center. Such enzymes include ribonucleotide reductase (necessary for DNA synthesis) and several 
mitochondrial enzymes that are essential for cell survival. Also, they added that once they become 
adherent to the endothelial cells, neutrophils transmigrate through them and release various proteases 
as reactive oxygen species (ROSs) and neutrophil elastase. The latter is a serine protease that degrades 
a variety of humoral and structural proteins, e.g. transport protein, cell receptors, membrane protein, 
fibronectin elastin and collagen. 

Plasma albumin concentration of the treated rats exhibited more or less similar behavior pattern 
as total protein concentration. These results came parallel to the findings of El-Barbary (2017). It was 
reported that hypoalbuminemia may occur in cases of synthesis inhibition due to liver disease. In such 
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cases, it is a result of inflammation or due to the increased protein catabolism under stress conditions 
and infection. Malabsorption may cause a mild decrease in albumin production, or glomerular disease, 
and albuminuria because glomerulopathy is occasionally associated with significant globulin loss 
(Benjamin, 1984). 

By the estimation of lipids and their derivatives, results revealed that there was an increase in the 
level of total lipids except for first subgroup. Total cholesterol, HDL and triglycerides decreased after 
4 days of injection, then, they showed significant increase after the second and third time intervals. 
However, LDL concentrations showed an increase all-over the experimental period. During 
phagocytosis of microbial intruders including bacteria, polymorphonuclear leucocytes (phagocytes) of 
the innate immune response increase their consumption of molecular oxygen. Neutrophils which were 
activated by LPS secrete nitric oxide (NO) and generate highly unstable oxygen- derived free radicals 
such as superoxide anion (O2) (Karima et al., 1999). Release of these radicals may cause damage to 
tissue components. Also, these free radicals are responsible for the metabolic disturbances correlated 
with serum cholesterol and low density lipoproteins (Ludwig et al., 1982). 

The effect of A. hydrophila was studied herein on the activity of serum transaminase enzymes. 
The results obtained indicated significant decrease of serum AST and ALT activity for treated animals 
all-over the period of injection. These results came in contrast with the findings of (El-Barbary, 2017) 
and (Brenden and Huizinga, 1986) who investigated the pathophysiological changes in mice given 
intramuscular inoculation of A. hydrophila. They recorded that the liver enzymes AST and ALT 
increased, beginning at 2h and reaching their maxima at 24 h. they reported that this increase may be 
due to changes in cell membrane permeability during the first 11h. They also added that the high 
activities recorded at 11, 12, 24 and 36 h may reflect the release of enzymes from tissue damaged by 
anoxia. However, decreased values of AST and ALT herein came parallel to the suggestion of Filkins 
(1969) who reported that long and severe endotoxaemia impairs liver function by damaging the 
vasculature. Also, it may be attributed to the alteration of liver cells metabolism and the multiple 
membrane damage inducing an important metabolic disturbances (Vergani et al., 1999). 

The present results showed significant increase in the blood urea nitrogen and uric acid 
concentrations along the experimental period. Such increased blood urea nitrogen concentrations agreed 
with the results recorded by (El-Barbary, 2017) and (Brenden and Huizinga, 1986). They reported that 
the increased BUN levels may be due to the suppressed kidney function induced by bacterial injection 
since they observed congested and edematous renal tissue in the histological sections that alter the 
membrane permeability. However, it was reported that the cause of immunological and biochemical 
alterations and disturbances in lipid profile and liver and kidney functions may be due to the presence 
of some extracellular toxins such as cytotoxins, hemolysin, protease, enterotoxins and elastase produced 
by A. hydrophila (Monir et al., 2020, Liu et al., 2017, El-Barbary, 2010, Salvat et al, 2019 and Hassan 
et al., 2020). 

 
5. Conclusion  

From the previous results, we can conclude that Aeromonas hydrophila infection could affect the 
innate, cell-mediated and humoral immunity in mammals and that Aeromonas hydrophila is capable of 
causing biochemical alterations concerning lipid profile and liver and kidney functions in male albino 
rats. Moreover, the complications and diseases accompanied with Aeromonas septicaemia may be 
attributed to the immunological and biochemical changes resulted from the bacterial infection, so, the 
use of immuno-modulator is necessary in treatment besides the antibacterial drugs. 
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