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ABSTRACT

The histopathological effects of gram-negative bacieria Fseudoniona:
aeruginosa on mice liver and lung have been studied. Many histopathological
alterations were found in the liver such as severe dilatations in the hepatic
sinusoids and portal veins, degeneration and necrobiotic changes in the
hepatocytes, proliferations in kupffer cells. some interspersed infiltration of
inflammatory cells between the hepatocytes of the infected areas. Few
Karyomegaly was observed in the nuclei of some hepatocytes. There were focal
necrosis and vacuolar degenerations in most of the hepatocytes. Furthermore.
oedema and dilatation in the bile duct and mononuclear leukocyte infiltration
within the degenerative parenchyma associated with dilatation in tii- central veins
were also observed. The hepatocytes of infected mice showed a reduced amount
of total carbohydrates in comparison with control non-infected animals. The
examination of the lung of infected mice showed interstitial inflammation,
alveolar emphysema, giant alveolar formation, vascular invasion, hyperemia. in
the peribronchiolar, interalveolar and perialveolar blood vessels:and -capillaries
when compared with untreated lung. Furthermore, acute pneumonia was detected
in the infected lung. The present work suggested that most of the recorded
pathological symptoms may be attributed to the toxic secretions of this pathogenic

bacterium.
Keywords: Graw-megatiue bacteria, miceliner, micelung.

INTRODUCTION ,

Pseudomonas aeruginosa is a motile, rod-shaped , gram-negative, aerobic
‘bacterium belonging to the family Pseudomonadaceae and it is a pathogen of
humans. Genus Pseudomonas is found wherever organic matter is decomposing.
Although, there are over 200 species of Pseudomonas, only three of them are
known to be pathogenic for man (Todar, 2004 and Macia et al., 2005). Almost all
strains are motile by means of a single polar flagellum. These flagella yield heat-

v
i



OSAMA M. M. SARHAN

labile antigens (H-antigen). The significance of antibody directed against these
antigens, aside from its value in serologic classification is unknown (Iglewski,
2003). P. aeruginosa can grow well on most media such as blood agar plates or
eosin-methylthionine blue agar. It is identified on the basis of its Gram
morphology, inability to ferment lactose, a positive oxidase reaction, its fruity
odor (Iglewski, 2003), in addition to its ability to grow at wide range of
temperatures, 37- 42 °C (Jelsbak et al., 2007. It is one of the top three causes of
opportunistic human infections because it's highly resistant to antiseptics,
disinfectants and antibiotics. It causes hepatototoxicity; chronic infection in the
lung; bacteremic pneumonia; sepsis; urinary tract infections; gastrointestinal
infections; dermatitis; bacteremia; soft tissue, bone and joint infections; and a
variety of systemic infections, particularly in patients with severe burns that are
associated with extremely high mortality (Arora ef «l., 2005; Andy-Schaber ef al.,
2007; Jelsbak er al., 2007; Marr et al., 2007 ).It produces virulent toxins which
not only cause extensive tissue damage, but also interfere with the human immune
system's defense mechanisms. These toxins act as potent toxins that enter and kill
host cells, near or at the site of colonization and to degradative enzymes causing a
permanent disrupt of the cell membranes in various organs including liver and
lung (Schumann. ef al., 1998; Hoffmann, ef al., 2005; Jelsbak ef al., 2007; Marr et
al., 2007). These virulence toxins include as polysaccharide capsule, anti-
phagocytic; pili, adherence to the host cells; exotoxin "A", inhibit protein
synthesis; elastase. destroying elastic fibers and blood vessels; and endotoxin
LPS, toxic lipo-polysaccharide as well as phospholipase C and protease, break
down lipids, lecithin and proteins facilitating tissue destruction (Iglewski, 2003
and Marr et al.. 2007) and increase mortality rate (Faur, ef al., 2003 & 2004).
The main purpose of the present work was to study the histopathological

alterations induced in the liver and lung of mice experimentally infected with 2.

aeruginosa .

"MATERIAL AND METHODS

Pseudomonas aeruginosa was kindly provided by Dr. M. Atta ,Faculty of
Science, Cairo University. The bacterium was stored at -70 °C in brain-heart
infusion broth supplemented with 10 % (v/v) glycerol and 5 % (w/v) skimmed
milk until use (Yanagihara ef al., 2000). This bacterium was grown on standard
laboratory culture media (Trypticase Soy Broth, TSB) at 37 °C in shaking water
bath for 24 h. The microorganism was separated at its mid exponential phase. The
microorganisms were suspended in saline, harvested by centrifugation (5000 rpm,
4 °C, 20 min), re-suspended in 100 ml sterile saline and adjusted to 1x10° cfu/ml
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as estimated by tubidimetery. 5 ml from this suspension is centrifuged at 5000
rpm for 30 min. at 4 °C, the sediment bacteria were washed using sterile
physiological saline, then were re-suspended in 5 ml to maintain the same
concentration of the bacterial cells. This solution was used for injection.

Male, BALB/c, 7-week-old, 30-35 g. bodyweight, pathogen-free mice
were purchased from Theodor Bilharz Research Institute (TBRI), Cairo, Egypt.
The animals were kept for a week in clean cages maintained under standard
conventional conditions. Sixty BALB/c male mice were divided into 2 groups as
follows, 12 mice, for group I and 48 mice for group II . Group I was injected IP
with 0.1 ml sterile saline and kept out without infection as a control. Mice of
group II were injected with 0.1 ml sterile saline containing active bacteria
(Concentration 1x10° cfu/ml). The experiment was designed to dissect six animals
selected randomly from both group I and II after 24 ,36 and 48 hours to detect the
histopathological alterations. Mice of group II that died during the experimental
periods were also used in the histopathological study.

The animals of group I and II were killed by cervical dislocation after the
treatment. Their liver and lungs were excised, washed immediately by
physiological saline then processed for histopathological and histocheimical
studies. Their liver were divided into two parts, one part fixed in Bouin's fixative
for routine staining with Hematoxylin and Eosin. and the other one was fixed in
Carnoy's fluid for staining using periodic acid Schiff's technique (PAS). The lungs
were processed for H&E only. Fixed materials were washed, dehydrated and
embedded in paraffin wax. Serial sections of 5u thickness were cut then stained
with hematoxylin and eosin for histopathological examination. Total
carbohydrates were demonstrated in the liver using PAS technique (Hotchkiss
,1948). Selected slides were carefully e\ammed and were photographed using

Zeiss research microscope.

RESULTS
Mortality rate:
Table (1) showed the mortality rate in mice infected with Pseudomonas,
aeruginosa. The mortality rates were 46%, 58%. and 79% after 24, 36 and 48 hrs

post-infection, respectively. oo
Table (1). Illustrated the mortality rate in the mfecled animals, {-{,',; f(‘

. e i .f: :
Hours 2 | 36 | 48 | o
_post-infection ‘
No. Mortality 22 28 38
Mortality rate 46% | 58% | 79%




OSAMA M. M. SARHAN

Histopathological results:

Liver:

The liver of the control mice consists of hepatic lobules surrounded by
portal areas having triads each of which includes bile ductule, one branch of both
portal vein and hepatic artery. The blood flows from them through blood
sinusoids into the central veins that are centrally situated in the hepatic lobules.
The hepatocytes are radially arranged around the central veins. They have
eosinophilic with finely granular cytoplasm. Most of the hepatocytes contain one
nucleus and few of them have two nuclei (Fig.1).

After 24 hrs post-infection, examination of liver sections shows severe
dilatation in the central and portal veins if comparison with that in the control
liver. Degeneration and necrobiotic changes in the hepatocytes were observed
(Figs. 2&3). At 36 hrs post-infection kupffer cells proliferation and inflammatory
cells infiltration were noticed in between the degenerated hepatocytes in
association with dilatation in the hepatic sinusoids. Karyomegaly was noticed in
the nuclei of few hepatocytes (Figs. 4&5). Hyperemic central and portal veins
were impacted by blood cells (Figs. 6&7). Moreover, there was focal area of
necrobiotic changes in some hepatocytes in which the hepatocytes had deep
basophilic pyknotic nuclei and eosinophilic cytoplasm (Fig.8). At 48 post-
mnfection focal necrosis were observed in the hepatic tissue in diffused manner
characterized by central zone of remnant basophilic materials of the necrosed
nuclei associated with debris of eosinophilic cytoplasm as well as dilatation in the
adjacent central veins (Figs.9&10). The hepatic parenchyma showed granular and
vacuolar degenerations in most of the hepatocytes (Fig.11). Edema with few
leukocytic infiltration and dilated bile duct were noticed in the portal areas
(Fig.12). Also. degenerative and necrobiotic changes were detected in diffuse
manner all over the hepatic parenchyma associated with dilatation in the central
and portal veins (Figs.13&14).

A considerable amount of carbohydrates in the cytoplasm of liver cells of
control animals was detected by PAS-technique. These carbohydrates give red or
magenta colour with Schiff's reagent. It is noted that total carbohydrates is not
uniformly distributed in the cytoplasm of some of the hepatocytes, but occurred
concentrated at one pole of the cells (Fig.15). Examination of liver sections of |
infected mice at 36hrs post-infection shows necrotic areas surrounded by
hepatocytes with reduced amount of carbohydrates (Fig.16). After 48 hrs post
infection , the hepatocytes appeared with marked reduction of total carbohydrates

(Fig. 17&18).
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Lung:

The lung of the control group, showed no histopathological alterations, with
normal histological structure of the air alveoli: bronchioles and peribronchiolar
blood vessels (Fig.19).

Infected lung at 24 h post-infection shows sever hyperemia interalveolar
and peribronchiolar blood vessels. Some of the emphysematous alveoli fused
together to form giant alveolar formation. Interstitial inflammation, oedema and
vascular invasion which observed near by the peribronchiolar blood 'vessels
(Figs.20-22). At 36 post-infection, all pervious symptoms were recorded in
addition to the interstitial inflammation increased in the peribronchiolar and
interalveolar septa as well as severe degeneration were observed in most air
alveoli. In the meanwhile degenerations were recorded in the walls of bronchi and
_peribronchiolar blood vessels (Figs23&24). Infected lung at 48 h post-infection.
showed the presences of histopathological symptoms which explained before.
although, a slight regeneration was detected. The histopathological alterations
include oedema, interstitial infiltration, degenerated alveoli, emphysema and giant
alveoli (Fig. 25). In addition, severe infected lung, at 48 h post-infection, shows
acute pneumonia with chronic inflammation and the rest of the lung shows
interstitial inflammation and congested blood capillaries in the walls of air alveoli

(Figs. 26&27).

DISCUSSION

High mortality rates were recorded in mice infected w1th Pseua’omonas
aeruginosa in the present work. This findings strongly suggested that infected
mice may be died under the influence of virulent factors 1eleased by P.
aeruginosa which inhibit the immune response and increase tissue. destluctlon
Similar high mortality rates were recorded by many authors (Davidson, er. al.,
1995; Heeckeren, er. al. 1997; Gosselin, et. al., 1998; Sajjan, er. al, 2001:
Koehler, et. al., 2003; Arora er al., 2005; Haynes. et. al., 2005; and Watanabe, ¢/.
al.,2007). Many reports demonstrated that most P. aeruginosa chmcal strains had
several virulent factors such as flagellin (Arora, er al., OOJ) p111 (Saiman and
Prince, 1993 and Tang er al, 1995;Hertle, ef al., 2001), polysaccharide capsule
(Iglewski, 2003), exotoxin-A (Cross et al., 1980; Allured er al., 1986; Pittet, ef ul.,
1996 ; Schimann er al., 1998; Muhlebach, er al., 1999 a; Hertle, er al., 2001:).
lipopolysaccharide "LPS" endotoxin (Iglewski, _OOJ), hemolysins, phospholipase
C, leukocidin, protases elastases, (Iglewski, 2003 and Marr et al, 2007;).
cytotoxin Exo U (Faure, ef al, 2003 and Hoffmann et a/., 2005), and. Exoenzyme
S & Y (Yahr et al., 1997&1998). These factors mediate adherence to the host
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cells, antiphagocytic, inhibit protein synthesis (Schiimann et.al, 1998), killed
polymorphonuclear leukocytes macrophages, lymphocytes, and other elements of
immune system (Hertle, et al., 2001), tissue damage (Jelsbak et al., 2007), destroy
elastic fibers and walls of blood vessels then finally lead to death (Pier, 2000;
Faur, et al., 2003 & 2004; Haynes et al., 2005; Macia, et al., 2005; McVay et al.,
2007; Marr et al., 2007).

The present observations showed sever histopathological alterations in
liver and lung of infected mice. From this point the present investigator suggested
that toxins secreted by P. aeruginosa may inhibit or delay the immune response
resulting in destruction and necrosis in the infected organs. Some investigators
revealed that toxins of P. geruginosa inhibit the immunological defenses and the
resistance of host cells was significantly decreased ( Cross, et al., 1980;Schiimann
et al..1998 and Yahr et al., 1997&1998 ; Macia ef al., 2005).
Histopathological examination of liver showed kupffer cell proliferations,
hemorrhage. degeneration and necrosis in the hepatic parenchyma as well as
destruction in the epithelial wall of blood sinusoids, congestion of portal and
central veins. These results are in agreement of many investigators who found
injection of exotoxin-A extracted from P.aeruginosa, release of TNF and IFN into
the circulation. inhibit protein synthesis especially in the liver and caused
hepatocyte necrosis and apoptosis (Allured, et.al., 1986; Misfeldt, et.al., 1990
MacSween and Whaley, 1998; Schumann, et.al., 1998; Muhlebach et.al., 1999a).
Schaber er al.. (2007) described two distinctive clinical features of P. aeruginosa
bacteremia are invasion and necrosis of blood vessels .Watanabe et al., (2007)
revealed that systemic inflammation and inflammatory cytokine (IL-18, IL-6, and
TNF-a) production increase significantly in the blood and livers of infected mice.

As regards to great depletion in polysaccharides in the infected liver, these
findings explain the inhibiting action induced by cytotoxins. Schiimann et.al,
(1998) documented that this pathogen caused sever hepatotoxicity accompanied
by great depletion in polysaccharides and protein contents and finally result in
severe or complete liver failure. -

Regarding the effect of Pseudomonas aeruginosa on lung, many histopathological
alterations were observed. Inflammatory cells infiltrate the interstitial tissue;
blood vessels were dilated with vascular invasion to increase blood flow into the
lung tissue. The toxic effects were established in the form of hemorrhage,
emphysema, injure in the lining epithelia of the interalveolar blood vessel. These-
alterations were increased simultaneously with the increasing time of infection.
Similar reports showed that this pathogen produced severe alveolar epithelial
injury (Kudoh, er.al, 1994; Sawa et.al, 1999 and Wiener-Kronis, et.al, 2001),
chronic lung infection, airflow obstruction, (Sajjan, et.al, 2001; Schaber, , et.al,
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2007 and Macia, et.al, 2005), acute lung injury (Faur, ef.al, 2003 & 2004),
pulmonary inflammation (George, et.al., 1993; Khan, ef.al., 1995 and Muhlebach,
et.al, 1999 b), pneumonia (Dunn & Wunderink, 1995 Crouch-Brewer, et.al,
1996 and Kurahashi, et.al, 1999) and cystic fibrosis (Davisdon, et.al, 1995;
Noah, et.al, 1997; Pier, 2000; Jelsbak, et.al., 2007;) and death (Roy-Burman
et.al., 2001). Macia et al., (2005) found that Pseudomonas aeruginosa is the most
relevant pathogen producing chronic lung infections with chronic underlying
diseases such as cystic fibrosis, bronchiectasis, and chronic obstructive pulmonary
disease, finally it causes fast decline in the respiratory function. Imundo et al.,
(1995) found that lung epithelia have specific receptor for this bacterium. It
facilitates the adherence between this pathogen and the host cells. They
anticipated that the epithelial injury increased in the lung parenchyma . It is
suggested that the bacterium toxins prevent or inhibit the immune mechanisms to
perform active role against this destructive bacterium. Published data in a good
agreement with the present results. Toxins of this pathogen prevent the immune
system of the infected mice to protect them and simultaneously lost jts ability to
kill P.aeruginosa (Faur et.al., 2003; Heeckeren, et.al., 2006). Some toxms such as
Exo S, Exo T, Exo U & Exo Y caused epithelial injury, lung oedenia, decrease in
oxygenation and lung inflammation (Hoffmann et a/., 2005): o

In conclusion, the present results proved that the pathooenecny oft this
bacterium result in tissue injury in the infected organs, killing or mhlbxt the
immune cells and simultaneously delayed the immune response causmo hloh

mortality rates. G
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LEGEND OF FIGURES

Fig. 1: Section of control liver shows portal areas containing bile ductules (BD),
hepatic artery (HA) and portal vein (PV) which lined with simple squamous
epithelium (SS). The central vein (CV) surrounded by hepatic cords (HC) of
normal hepatocytes (H) and blood sinusoids (S) are observed between them. X
200.

Fig. 2: Section of liver of a mouse 24hrs post-infection showing dilated bile duct
(BD) , congested central vein (CV), necrotic hepatocytes (NH), severely
dilated portal vein (PV) and dilated blood sinusoids (S),. H&E, X 125.

Fig. 3: Section in liver of an infected mouse illustrating dilated central vein (CV),
degenerated hepatocytes (DH), Erythrocytes (E), kupffer cell proliferation (K).
necrotic areas (Ne), dilated sinusoids (S) and cytoplasmic vacuolation (V). X
250.

Figs. 4&S5: liver of infected mice died at 36 hrs post-infection. These micrographs
show two necrotic areas which had degenerated hepatocytes (DH), dilated
blood sinusoids (DS), kupffer cell proliferation (K), and karyomegaly (Ka).
leukocytic infiltration (Le) and necrotic hepatocytes (NH). Note that some
hepatocytes have double nuclei (De). X 250.

Fig. 6: Liver section showing dilated bile ductule (BD); hyperemic central and
portal veins (CV & PV), degenerated (DH) and necrotic hepatocytes (NH),
cytoplasmic vacuolation (V). H&E, X 125.

Fig. 7: Section in liver of infected mouse showing degenerated and necrotic
hepatocytes (DH & NH); kupffer cell proliferations (K); leukocytic infiltration
(Le); dilated blood sinusoids (S) and cytoplasmic vacuolation (V). X 250.

Fig. 8: Liver section showing degenerated hepatocytes (DH), dilated sinusoids
(DS), kupffer cell (K) proliferation ,focal necrosis (Ne), and cytoplasmic
vacuolation (V). H&E, X 250.

Fig. 9: Section in liver of a mouse 48 hrs post-infection illustrating degenerated
and necrotic hepatocytes (DH & NH); leukocytic infiltrations (Le); focal
necrosis (Ne); necrotic tissue (NT); and dilated blood sinusoids(S). H&E, X -
125.

Fig. 10: Magnified portion from figure 9 showing basophilic remnants of nuclei
(BRN); degenerated and necrotic hepatocytes (DH & NH); dilated sinusoids
(DS); eosinophilic remnants of cytoplasm (ERC); necrotic cytoplasm (NC). Xf
250.

Fig. 11: Liver section of infected mouse showing degenerated hepatocytes (DH);
dilated sinusoids (DS); eosinophilic remnants of cytoplasm (ERC); granular
and vacuolar degenerations (GD & VD). H&E, X 250.
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Histopathological effects of experimental infection with

Fig. 12: Section of liver showing severe dilatation in the bile duct (DBD)
associated with huge number of inflammatory cells (IC) and noticeable
oedema (Od). with few inflammatory cells (IC) infiltration and dilatation of
the bile duct (BD) in the portal area. See also degenerated hepatocytes (DH) as
well as dilated sinusoids (DS) and the lining epithelia were disappeared. H&E,
X 125. )

Fig. 13: Liver section showing bile ductules (BD); dilated central and portal veins
(CV & PV); degenerative hepatocytes (DH) and dilated blood sinusoids (DS).
H&E, X 125.

Fig. 14: Magnified micrograph from the previous figure showing bile duct (BD);
degenerated hepatocytes (DH) and severe dilatation of the portal vein (PV).
Note the degenerated epithelia of the bile duct (arrow heads) and portal vein

(arrow). H&E, X 500.
Fig. 15: Section of control liver showing central and portal veins (CV&PV)

surrounded with normal hepatocytes showed positive PAS reaction. Note that
hepatocytes contain deep to moderate contents of glycogen materials. HG: high
glycogen contents, MG: moderate glycogen contents. PAS technique, X 150.

Fig. 16: Section of liver 36 hrs post-infection showing several necrotic areas
(NT) containing degenerated hepatocytes that were positively stained surrounded
by hepatocytes with weak polysaccharide materials. PAS technique X 125.

Fig. 17: Light micrograph of infected liver 48 hrs post-infection showing weak
reaction in hepatic lobules which formed of hepatocytes contains very low
polysaccharide materials (LG). Note that many degenerated hepatocytes (DH)
were interspersed between them. PAS technique, X 125.

Fig. 18: Magnified micrograph from the previous figure shows faintly stained
hepatocytes containing low polysaccharide content and many degenerated
hepatic (DH) cells. PAS technique, X 500. ,

Fig. 19: Light micrograph of control lung showing normal air alveoli (AA),
bronchi (B) and peribronchiolar blood vessels (PB). H&E, X 125.

Fig. 20: Light micrograph of infected lung, 24 hrs post-infection showing
emphysematous air alveoli (EM), giunt alveoli (GA), hyperemic interalveolar
blood vessels (IB), oedema (Od) surrounded some of the bronchi (B) and
hemorrhaged (He) alveoli, interstitial inflammation (II). H&E, X 125.

fig. 21: Light micrograph of infected lung showing emphysematous air alveoli
(EM), giant alveoli (GA), interstitial inflammation (II), hyperemic
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interalveolar (IB), perialveolar blood vessels (PA), vascular invasions (VI),
oedema (Od) and hemorrhage (He). H&E, X 125.

Fig. 22: Light miecrograph of infected lung of a mouse died at 24 hrs post-
infection showing severe dilatation in a bronchus (B) and peribronchiolar
blood vessel (PB) associated with oedema (Od) and degeneration in its walls.
The rectangles defined the sites of degeneration. See also the presence of few
small air alveoli (AA), hemorrhage (He), vascular invasions (VI), interstitial
inflammation (II), emphysema (EM) and giant alveoli (GA). H&E, X 125.

Fig. 23: Light micrograph of infected lung, 36 hrs post-infection, shows few air
alveoli (AA), severe degeneration in the wall of air alveoli (rectangles), in the
wall of a bronchus (arrows), peribronchiolar blood vessel (arrow head). See
also hemorrhage (He), vascular invasions (VI), oedema (Od), emphysema
(EM) and giant alveoli (GA). H&E, X 125.

Fig. 24: Light micrograph of infected lung showing huge number of inflammatory
cells (IC) in the peribronchiolar connective tissue associated with vascular
invasion (VI) through which the inflammatory cells (IC) diffuse into the
interstitial parenchyma forming interstitial inflammation (II). Note that few air
alveoli (AA). severe degeneration in the wall of air alveoli (rectangles), in the
wall of a bronchus (arrows), peribronchiolar blood vessel (arrow head). See
also hemorrhage (He), oedema (Od), emphysema (EM) and giant alveoli
(GA). H&E. X 125.

Fig. 25: Light micrograph of infected lung, 48 hrs post-infection showing few air
alveoli (AA). severe degeneration in the wall of air alveoli (rectangles), in the
wall of a bronchus (arrows), peribronchiolar blood vessel (arrow head). See
also hemorrhage (He), vascular invasions (VI). oedema (Od), emphysema
(EM) and giant alveoli (GA). H&E, X 125.

Fig. 26: Light micrograph of infected lung showing congested blood capillaries
(CB), giant alveoli (GA) and acute pneumonia (P). H&E, X 60.

Fig. 27: Magnified micrograph from figure 25 shows emphysema (EM), giant
alveoli, congested blood capillaries (CB), and interstitial pneumonia (IPn).

H&E, X 100.
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