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Abstract
Background: This study investigated the effects of salmonella infection and its chemotherapy on lipid metabolism
in tissues of rats infected orally with Salmonella typhimurium and treated intraperitoneally with pefloxacin and
amoxillin.
Methods: Animals were infected with Salmonella enterica serovar Typhimurium strain TA 98. After salmonellosis was
confirmed, they were divided into 7 groups of 5 animals each. While one group served as infected control group, three
groups were treated with amoxillin (7.14 mg/kg body weight, 8 hourly) and the remaining three groups with
pefloxacin (5.71mg/kg body weight, 12 hourly) for 5 and 10 days respectively. Uninfected control animals received
0.1ml of vehicle. Rats were sacrificed 24h after 5 and 10 days of antibiotic treatment and 5 days after discontinuation of
antibiotic treatment. Their corresponding controls were also sacrificed at the same time point. Blood and tissue lipids
were then evaluated.
Results: Salmonella infection resulted in dyslipidemia characterised by increased concentrations of free fatty acids
(FFA) in plasma and erythrocyte, as well as enhanced cholesterogenesis, hypertriglyceridemia and phospholipidosis in
plasma, low density lipoprotein-very low density lipoprotein (LDL-VLDL), erythrocytes, erythrocyte ghost and the
organs. The antibiotics reversed the dyslipidemia but not totally. A significant correlation was observed between fecal
bacterial load and plasma cholesterol (r=0.456, p<0.01), plasma triacyglycerols (r=0.485, p<0.01), plasma phospholipid
(r=0.414, p<0.05), plasma free fatty acids (r=0.485, p<0.01), liver phospholipid (r=0.459, p<0.01) and brain phospholipid
(r=0.343, p<0.05).
Conclusion: The findings of this study suggest that salmonella infection in rats and its therapy with pefloxacin and
amoxillin perturb lipid metabolism and this perturbation is characterised by cholesterogenesis.
Keywords: Salmonellosis, Cholesterogenesis, Phospholipidosis, Amoxicillin, Pefloxacin

Background
Salmonella spp. are important aetiological agents of various
diseases resulting from feco-oral infection. A characteristic
feature of the organisms in the genus Salmonella is their
wide host range which comprises most animal species including mammals, birds and cold-blooded animals [1].
There are two types of food-borne infections causing
serious medical and veterinary problems worldwide: i) intestinal or non-typhoid form (salmonellosis) caused by hundreds of different serovariants of S. enterica, including
serovar Typhimurium and ii) generalized or typhoid form
(enteric fever) caused by S. enterica serovar Typhi.
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Enterocolitis characteristic of non-typhoid forms is by
far the most common manifestation of salmonelladerived infections in humans that under certain circumstances are accompanied by septicaemia [2,3],
causing the increase of mortality.
By two distinct mechanisms (via M cells or enterocytes)
S. typhi is believed to translocate rapidly and efficiently
from the lumen of the human intestine through the
mucosa to eventually reach the reticuloendothelial system
and gall bladder, where, following a relatively long incubation, they precipitate a systemic febrile illness accompanied by a low-level secondary bacteremia [1,4]
often resulting in sepsis [5-9].
The host metabolic response of the body following
sepsis comprises mobilization of substrates from the
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periphery to be utilized by visceral tissues and immune
cells [10], resulting in loss of lean body mass. Consequently, gluconeogenic and other amino acids are
released in increased amounts into the circulation. The
glucose produced in this response is the main energy
source for cells involved in the host immune response
during sepsis [10]. In addition to accelerated gluconeogenesis, peripheral mobilized amino acids serve as
substrates for central organs, including liver (for acutephase protein (APR) synthesis) and enterocytes [11,12].
Although, changes in carbohydrate metabolism with
consecutive hyperglycemia and hyperlactatemia, and in
protein metabolism, which results in enhanced acutephase protein synthesis and tissue protein catabolism
with subsequent negative nitrogen balance have been
reported, there is a dearth of information on the lipid
metabolism in the tissues of the host.
As a result of these alterations and their consequence
on the host, the management of salmonellosis and/or
the resulting sepsis often involves supportive measures
as well as the use of antibiotics which are generally
employed as the first-line treatment [9,13,14]. Fluoroquinolones (e.g. pefloxacin) are considered to be optimal
therapy while amoxillin is often used as alternative effective therapy [13-15]. Amoxillin is a β-lactam aminopenicillin and acts by inhibiting the synthesis of bacterial
cell walls while pefloxacin as a fluoroquinolone blocks
bacterial DNA synthesis [1,2]. Despite the use of antibiotics, aggressive operative intervention, nutritional support, and even anticytokine therapies, multiple organ
failure continues to be a major cause of morbidity and
mortality in sepsis [1,15-17]. Thus, it is essential to study
the impact of chemotherapy on tissue lipid metabolism
in experimental salmonellosis.

Results
Table 1 summarises the effects of pefloxacin and amoxillin on the fecal bacteria load and weight gain of the rats
infected with S. typhimurium. The oral infection of the
rats with S. typhimurium caused salmonellosis as
observed by the apperance of S. typhimurium in the
feaces of the rats. The concentration of S. typhimurium
cultured in the feaces was significantly (p<0.05)
decreased upon the administration of pefloxacin and
amoxillin for 5 days. The decrease was sustained even 5
days after discontinuing antibiotic administration. The

body weight of the animals was significantly (p<0.05)
decreased in S. typhimurium infection. Although the
drugs reversed the weight loss, none was able to bring it
to control values.
In Table 2 is the summary of the effects of pefloxacin
and amoxillin on plasma, HDL and LDL-VLDL lipid
profiles of rats infected with S. typhimurium. Salmonellosis caused a double-fold increase in the plasma level of
cholesterol, triacylglycerols, phospholipid and free fatty
acids. The increase in cholesterol level was reversed by
treatment with pefloxacin and amoxillin for 5 days and
10 days. On day 15, only amoxillin had a further significant (p<0.05) reduction; however, this was still significatly (p<0.05) higher than the cholesterol in the plasma
of the normal control. The increase in triacylglycerol
was reversed more by pefloxacin on day 5 and day 10
than amoxillin. This trend continued to day 15 with animals infected pefloxacin day 15 group having triacylglycerol level not significantly (p>0.05) different from the
normal control. After 5 days of treating the infected animals, only pefloxacin significantly (p<0.05) reduced the
level of phospholipids in the plasma. However, upon
completion of the treatments on day 10, both pefloxacin
and amoxillin had produced a similar reduction of the
elevated plasma phospholipid level. Although, no further
reduction was observed in animals in infected pefloxacin
day 15 group, that of the infected animals treated with
amoxillin was reversed to a level not significantly
(p>0.05) different from the normal control on day 15.
Salmonellosis caused a significant (p<0.05) decrease in
the level of HDL cholesterol and HDL phospholipid
whereas no significant change was observed in the HDL
triacylglycerol level. Treatment with the antibiotics
reversed the trend observed in cholesterol and phospholipid, although at 5 days post-treatment with amoxillin,
HDL phospholipid was about 71% of the control value.
Salmonellosis also resulted in a significant (p<0.05) increase in the levels of cholesterol, triacylglycerols and
phospholipid in the LDL-VLDL fraction of the plasma.
Although the increase in the cholesterol and triacylglycerols concentrations was reversed by pefloxacin and
amoxillin on day 5, a rebound to higher values was
observed on day 10 for both drugs. By day 15 however, a
significant drop was observed with values obtained for
both drugs being significantly higher than controls
(p<0.05) for phospholipid, however, the rebound to

Table 1 Fecal bacteria load and weight gain of the animals
Normal
control
Fecal bacteria load (log CFU/g feaces) 0.00±0.00a
Weight change (g)

Infection
control

Infected+
pefloxacin
day 5

Infected+
pefloxacin
day 10

Infected +
pefloxacin
day 15

Infected+
amoxillin
day 5

Infected+
amoxillin
day 10

Infected +
amoxillin
day 15

4.34±0.01d

4.03±0.01c

2.59±0.24b

2.31±0.09b

4.11±0.06c

2.99±0.08b

2.64±0.04b

32.80±4.41a −14.33±2.39d −1.00±1.00c −4.00±4.15c −8.50±3.37c 0.00±1.67b −7.50±7.98c −2.50±1.80c

Each value represents the mean±S.E.M of 5 rats. Values within the same row with different superscripts are significantly different at p<0.05.
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Table 2 Plasma, HDL and LDL-VLDL lipid profile of the animals
Plasma

Normal
control

Infection
control

Cholesterol (mg/dl)

56.60±2.43a

104.13±6.60b

a

c

Triacylglycerols (mg/dl) 63.18±5.19

Infected+
pefloxacin
day 5

Infected+
pefloxacin
day 10

79.14±5.49c

79.04±5.84c

b

125.18±14.26

77.32±0.99

97.48±10.89

c

Infected +
pefloxacin
day 15

Infected+
amoxillin
day 5

77.96±5.73c

59.86±7.54d

a

58.43±5.89

Infected+
amoxillin
day 10

112.78±6.78

Infected +
amoxillin
day 15

73.55±7.05c
d

69.16±6.70d
d

127.58±17.61

68.16±3.72b

Phospholipid (mg/dl)

75.33±15.41a 129.60±23.13c 122.96±7.93c 100.60±15.55b 109.84±10.18b 130.25±18.29c 109.35±10.40b 66.10±20.74a

Free Fatty acid (mg/dl)

14.10±2.25a

23.08±0.75c

17.20±0.39b

16.50±1.23b

17.28±0.55b

17.70±1.18b

16.16±0.53b

18.87±0.74b

39.06±2.77b

22.19±0.94a

21.08±4.03a

37.19±8.41b

21.16±1.39a

18.06±5.97a

36.76±2.74b

22.36±1.75a

Triacylglycerols (mg/dl) 26.83±3.65a

37.75±7.17a

25.12±3.63a

25.81±2.29a

28.26±5.51a

27.28±4.08a

a

68.53±1.42

b

29.57±1.71

89.91±19.50

c

52.49±7.31

d

71.93±7.31

66.10±14.67

25.94±2.31b

49.03±2.39e

15.24±2.32a

43.38±3.75e

36.17±3.23d

28.64±3.34c

43.38±3.00e

Triacylglycerols (mg/dl) 22.43±1.72a

68.66±4.26d

24.02±1.40a

56.50±8.71c

28.61±2.78a

49.05±3.57c

a

c

b

HDL
Cholesterol (mg/dl)

Phospholipid (mg/dl)

33.98±3.43a
e

73.87±12.24

d

39.50±4.14a
d

48.60±7.37c

LDL-VLDL
Cholesterol (mg/dl)

Phospholipid (mg/dl)

86.99±2.81

95.18±5.63

64.64±4.04

110.81±2.73

36.90±1.58b
c

107.41±2.14

c

b

69.50±4.18

34.33±3.80d
58.37±7.38d

117.13±9.23

d

83.11±4.31a

Each value represents the mean±S.E.M of 5 rats. Values within the same row with different superscripts are significantly different at p<0.05.

higher values was sustained till day 15 in pefloxacintreated animals, whereas a decrease on day 15 was
observed in amoxillin-treated animals.
Table 3 summarises the effects of pefloxacin and
amoxillin on erythrocyte and erythrocyte ghost lipid profiles of rats infected with S. typhimurium. While Salmonellosis caused a significant (p<0.05) increase in the
erythrocyte cholesterol, phospholipid and free fatty acid
levels with a significant (p<0.05) decrease in triacylglyceride level, the increase in the cholesterol concentration
in the erythrocyte was reversed by pefloxacin on day 5
while both drugs significantly (p<0.05) reduced it to a
level significantly (p<0.05) lower than the normal control
by day 10. On day 15, rats treated with amoxillin had a
significantly (p<0.05) increased cholesterol concentration
to a level higher than the infection control. There was a
further decrease in the level of erythrocyte triacylglycerols
on day 5 in the rats treated with both pefloxacin and
amoxillin. This was however reversed with amoxillin to a

level not significantly (p>0.05) different from normal
control and by pefloxacin to a level significantly (p<0.05)
higher than normal control. Pefloxacin on day 5 and day
10 reversed the increase in the level of phospholipid in the
erythrocyte. Rats treated with amoxillin had their erythrocyte phospholipid level significantly (p<0.05) higher on
day 10 than normal control. Although both antibiotics
on day 5 and pefloxacin on day 10 reversed the
salmonellosis-induced increased free fatty acid, values
obtained were still significantly higher than normal
control. Values obtained with amoxillin on day 10
and pefloxacin on day 15 were not significantly
(p>0.05) different from normal control.
The infection of the rats by S. typhimurium was associated with a significant (p<0.05) increase in erythrocyte
ghost cholesterol, triacylglycerols and phospholipid
concentrations. The increase in cholesterol amounted to
51% whereas increase in triacylglycerol and phospholipids amounted to 74% and 154% respectively. For

Table 3 Erythrocyte and erythrocyte ghost lipid profile of the animals
Erythrocyte

Normal
control

Infection
control

Cholesterol (mg/dl)

113.43±19.54a 127.20±11.52d

Triacylglycerols (mg/dl) 38.16±1.76a
Phospholipid (mg/dl)

156.49±4.71

Free Fatty acid (mg/dl)

31.28±2.23b
a

b

Infected +
amoxillin
day 15

Infected+
amoxillin
day 10

Infected+
pefloxacin
day 5

Infected+
pefloxacin
day 10

Infected +
pefloxacin
day 15

Infected+
amoxillin
day 5

99.61±9.21b

65.39±2.62c

81.67±5.35b

124.96±16.23d 90.52±19.80b 156.33±13.04e

21.92±2.69c

38.17±3.08a

180.63±22.36

139.00±6.45

26.56±2.31a

35.72±0.78b

7.03±0.27a

10.61±0.90b

a

39.37±1.76a
a

29.09±2.39b
c

46.05±3.81d

43.51±2.72e

179.82±5.45

133.16±25.93a

30.30±1.14c

23.28±5.01a

31.48±7.36c

6.45±0.33a

6.06±1.65a

6.18±0.34a

7.79±1.26a

a

a

a

166.21±11.64

113.72±8.77

173.99±4.61

29.80±0.39c

29.06±1.25c

24.88±5.48a

6.93±0.24a

6.60±0.41a

a

a

b

b

Erythrocyte ghost
Cholesterol (mg/g)

a

c

Triacylglycerols (mg/g)

3.94±0.27

6.84±0.68

4.35±0.14

2.81±0.29

4.29±0.30

4.21±1.20

3.87±0.21

5.15±0.82b

Phospholipid (mg/g)

7.91±0.26a

20.10±2.68c

10.12±0.22b

9.11±1.05b

13.43±0.69b

12.63±4.30b

12.08±0.68b

15.86±2.73d

Each value represents the mean±S.E.M of 5 rats. Values within the same row with different superscripts are significantly different at p<0.05.
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pefloxacin treated group on day 15. While the increase
in hepatic triacylglycerols by both antibiotics was
reversed on day 15, that of hepatic phosphoslipid was
not significantly altered.
In the kidney, treatment with pefloxacin resulted in a
significant (p<0.05) decrease in cholesterol concentration
from day 5 while amoxillin caused a further significant
(p<0.05) increase. Although the increase in triacyglycerol
was decreased on day 15 in infected rats treated with
both antibiotics, their levels were still significantly
(p<0.05) higher than that of the normal control. The
phospholipid levels in infected rats treated with pefloxacin and amoxillin was still significantly (p<0.05) high on
day 10; however, there was a significant (p<0.05) and
complete reversal on day 15.
The decrease in the level of brain cholesterol after 5
days of pefloxacin and amoxillin administration was
reversed on days 10 and 15. Both antibiotics caused
further increase in the brain triacylglycerols after 5 days
of administration with amoxillin treatment giving a reversal on days 10 and 15. Pefloxacin administration
caused a further significant (p<0.05) increase in brain
phospholipid level on day 15 alone while amoxillin therapy
caused a significant (p<0.05) increase on day 5. However,
this was reversed on day 10.
In the spleen, treatment of salmonellosis with pefloxacin caused a significant (p<0.05) decrease in cholesterol
and triacyglycerol levels. As treatment continued however,
there was a rebound to higher values in both cholesterol
and triacyglycerol. The salmonellosis-induced decrease in
the spleen phospholipid was reversed by both drugs on
day 5 and by day 15 amoxillin-treated rats had phospholipid concentration not significantly (p>0.05) different
from that of the normal control.
Salmonellosis-induced cardiac hypercholesterolemia
was reversed after 10 days of treatment with both antibiotics. Both antibiotics caused a further significant
(p<0.05) increase in heart phospholipid level from day 5
through day 15 except amoxillin day 10 which was not
significantly (p>0.05) different from the normal control.
Table 6 shows the summary of the effects of pefloxacin
and amoxillin on the cholesterol:phospholipid ratios in

cholesterol, the increase was reversed by both drugs on
day 5 of treatment to a level not significantly (p>0.05)
different from the normal control and the reversal was
maintained through day 15. The response of triacyglycerol was also similar except for amoxillin on day 15
where the value obtained was higher than normal control but lower than the infection control. Although, there
was a significant reversal of the elevated level of
phospholipid by the chemotherapy, the levels produced
by the treatments were still significantly (p<0.05) higher
than the normal control.
Table 4 shows the effects of pefloxacin and amoxillin
on cholesterol:phospholipid ratios in the plasma, HDL,
LDL-VLDL, erythrocyte and erythrocyte ghost of rats
infected with S. typhimurium. The infection of rats with
S. typhimurium was associted with a significant (p<0.05)
increase in the cholesterol:phospholipid ratios in the
plasma, HDL, LDL-VLDL and erythrocyte ghost. The
elevation of this ratio in the plasma was reversed in all
the groups except infected+amoxicillin day 15. Similar
reversals were observed in HDL and LDL-VLDL when
compared with the infection control. Except for pefloxacin on day 10, amoxillin on days 10 and 15, the elevation
of this ratio in the erythrocyte was not significantly
(p>0.05) altered by any of the treatments.
The effects of pefloxacin and amoxillin on atherogenic
index of rats infected with S. typhimurium is depicted in
Figure 1. Salmonellosis caused a 3 fold increase in this
index. This was reduced by both pefloxacin and amoxillin
after 10 days of treatment and this reversal was maintained
by both drugs through day 15.
The summary of the effects of pefloxacin and amoxicillin on the lipid profiles of organs of rats infected with
S. typhimurium is shown in Table 5. Salmonellosis
caused a significant (p<0.05) increase in the levels of
cholesterol and triacylglycerols in all the organs. However, phospholipid concentration was significantly
(p<0.05) increased in the liver, kidney and brain alone
with spleen and heart having decreased levels. In the
liver, treatment with pefloxacin and amoxillin for 5 and
10 days caused a further significant (p<0.05) increase in
cholesterol level. However, this increase was reversed in

Table 4 Cholesterol: Phospholipid ratios in the plasma, HDL, LDL-VLDL, erythrocyte and erythrocyte ghost of the
animals

Plasma

Normal control

Infection control

Infected+
pefloxacin
day 5

Infected+
pefloxacin
day 10

Infected +
pefloxacin
day 15

Infected+
amoxillin
day 5

Infected+
amoxillin
day 10

Infected +
amoxillin
day 15

0.87±0.16a

1.02±0.34b

0.69±0.10a

0.87±0.15a

0.72±0.04a

0.56±0.11a

0.70±0.10a

1.62±0.60c

a

d

b

c

b

b

c

HDL

0.57±0.04

0.79±0.03

0.38±0.09

0.52±0.12

0.43±0.06

0.25±0.07

0.66±0.14

0.50±0.07c

LDL-VLDL

0.30±0.03a

0.51±0.06c

0.31±0.09a

0.42±0.07b

0.36±0.05b

0.41±0.06b

0.38±0.040b

0.41±0.03b

a

a

a

b

a

a

Erythrocyte

0.78±0.10

0.71±0.12

0.77±0.08

0.39±0.02

0.74±0.07

0.75±0.15

0.49±0.08

1.53±0.50c

Erythrocyte ghost

0.89±0.04a

0.54±0.07b

0.68±0.02b

0.52±0.02b

0.48±0.01b

0.53±0.04b

0.51±0.02b

0.49±0.01b

Each value represents the mean ± S.E.M of 5 rats. Values within the same row with different superscripts are significantly different at p<0.05.
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Figure 1 Atherogenic indices of the animals. Each bar represents the mean ± S.E.M of 5 rats. Bars with different alphabets are significantly
different at p<0.05.

decrease of the elevated cholesterol:phospholipid ratio in
brain on day 5 of the treatment. In the spleen, the values
of this ratio in all the treatments were not significantly
(p>0.05) different from the infection control except
infected+amoxicillin day 10 which was significantly
(p<0.05) lower than the infection control. On day 10 of

the organs of rats infected with S. typhimurium. Salmonellosis caused a significant (p<0.05) decrease in this ratio
in liver and kidney with a significant (p<0.05) increase in
brain, spleen and heart. The decrease in the liver and
kidney was reversed after treatment with both antibiotics. Both drugs only caused a significant (p<0.05)

Table 5 Lipid profiles of liver, kidney, brain, spleen and heart of the animals
Liver

Normal control

Infection control

Infected+
pefloxacin
day 5

Infected+
pefloxacin
day 10

Infected +
pefloxacin
day 15

Infected+
amoxillin
day 5

Infected+
amoxillin
day 10

Infected +
amoxillin
day 15

Cholesterol (mg/g)

2.34±0.07a

2.57±0.03b

2.88±0.12c

2.62±0.08d

2.33±0.06a

2.71±0.12d

2.64±0.10d

2.72±0.08d

b

d

e

c

a

e

e

Triacylglycerols (mg/g)

1.56±0.19

1.97±0.13

2.39±0.08

1.85±0.14

1.22±0.07

2.32±0.08

2.22±0.07

1.66±0.08c

Phospholipid (mg/g)

14.29±0.95a

27.30±0.92c

24.79±1.93b

26.15±3.82b

21.00±0.93b

25.17±1.69b

21.48±1.48b

23.72±1.31b

2.58±0.35a

3.05±0.25b

2.48±0.38a

2.60±0.30a

2.44±0.32a

3.25±0.14b

4.33±0.62c

3.09±0.75b

a

c

c

b

b

Kidney
Cholesterol (mg/g)

d

d

Triacylglycerols (mg/g)

4.25±0.29

9.35±0.31

9.92±0.50

12.24±0.57

6.99±0.44

6.23±1.03

12.24±0.76

6.71±0.67b

Phospholipid (mg/g)

10.01±0.79a

18.79±0.57d

11.57±0.85a

15.94±1.21cd

9.14±0.32a

12.25±1.08a

13.02±1.71b

9.72±1.12a

12.24±0.59a

19.72±1.23c

10.70±0.68a

16.05±0.86b

19.90±1.01c

16.29±1.28b

17.12±0.95e

16.72±1.43e

Brain
Cholesterol (mg/g)

a

c

c

e

e

d

f

Triacylglycerols (mg/g)

0.60±0.06

1.96±0.03

1.97±0.03

2.10±0.12

2.08±0.05

2.22±0.05

1.91±0.04

1.88±0.07b

Phospholipid (mg/g)

39.46±2.00a

49.17±2.28b

47.43±1.97b

42.38±2.03b

54.04±2.86c

52.59±3.80c

39.95±2.46a

38.01±4.63a

1.09±0.11a

1.63±0.23b

1.47±0.23c

2.21±0.26e

2.12±0.06e

2.02±0.13d

1.43±0.33c

2.19±0.34e

a

b

b

b

b

b

b

Spleen
Cholesterol (mg/g)
Triacylglycerols (mg/g)

0.56±0.16

1.50±0.07

1.00±0.20

1.04±0.18

1.26±0.24

1.57±0.32

1.58±0.60

1.96±0.50c

Phospholipid (mg/g)

12.49±1.35a

8.55±0.53a

9.28±0.98d

10.69±1.11b

8.41±0.37c

11.37±0.48e

9.23±0.47d

11.86±0.48a

0.58±0.05a

0.82±0.04c

0.82±0.04c

0.53±0.02a

0.41±0.01b

0.72±0.06c

0.41±0.02b

0.46±0.05b

a

a

a

a

a

a

a

Heart
Cholesterol (mg/g)
Triacylglycerols (mg/g)

2.81±0.48

4.63±0.34

4.02±0.43

4.04±0.75

3.86±0.87

4.71±1.17

4.22±0.78

3.51±0.69a

Phospholipid (mg/g)

10.35±0.46a

7.45±1.00b

8.12±1.10c

8.94±0.80c

7.82±0.52c

7.82±0.65c

7.53±0.43b

8.99±0.84b

Each value represents the mean±S.E.M of 5 rats. Values within the same row with different superscripts are significantly different at p<0.05.
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Table 6 Cholesterol: Phospholipid ratios in the organs of the animals

Liver

Normal control

Infection control

Infected+
pefloxacin
day 5

Infected+
pefloxacin
day 10

Infected +
pefloxacin
day 15

Infected+
amoxillin
day 5

Infected+
amoxillin
day 10

Infected +
amoxillin
day 15

0.17±0.01a

0.09±0.01c

0.12±0.01b

0.11±0.02b

0.11±0.01b

a

b

a

a

c

0.110±0.01b

0.13±0.01b

0.12±0.01b

a

c

0.34±0.04

0.31±0.06c

Kidney

0.28±0.06

0.16±0.02

0.21±0.04

0.19±0.04

0.27±0.04

0.259±0.02

Brain

0.31±0.02a

0.40±0.02b

0.26±0.04c

0.38±0.01b

0.37±0.02a

0.313±0.01c

0.43±0.02d

0.46±0.07d

a

b

b

b

b

b

c

0.16±0.04

0.19±0.03b

0.06±0.01a

0.05±0.01a

Spleen

0.09±0.02

0.18±0.03

0.18±0.03

0.21±0.02

0.25±0.01

0.175±0.01

Heart

0.06±0.01a

0.12±0.02b

0.12±0.02b

0.06±0.01a

0.05±0.01c

0.095±0.01b

Each value represents the mean±S.E.M of 5 rats. Values within the same row with different superscripts are significantly different at p<0.05.

treatment with both antibiotics, the elevation observed
in the heart was reversed to a level not significantly
(p>0.05) different from the normal control.
Figure 2 depicts the effects of salmonellosis and its
chemotherapy with pefloxacin and amoxillin on hepatic
HMG-CoA/mevalonate ratios as an index of the activity
of HMG-CoA reductase. Salmonellosis caused a 3.5 fold
decrease in this ratio. Both antibiotics reversed this
trend. The reversal by pefloxacin was however more
pronounced than that of amoxillin. Five days after the
withdrawal of both antibiotics, activity of HMG-CoA
reductase had not returned to control values.
Intensity of associations between fecal bacteria load
and lipid profiles and hepatic HMG-CoA/Mevalonate
ratio in rats infected with S. typhimurium is shown in
Table 7. The fecal bacteria load was positively correlated
with plasma cholesterol (r=0.456, p<0.01), plasma triacylglycerols (r=0.485, p<0.01), plasma phospholipid
(r=0.414, p<0.01), plasma free fatty acid (r=0.485,
p<0.01), LDL-VLDL triacylglycerols (r=0.313, p<0.05),
liver cholesterol (r= 0.464, p<0.01), liver triacylglycerols
(r= 0.546, p<0.01), liver phospholipid (r= 0.680, p<0.01),
kidney triacylglycerols (r=0.445, p<0.01), kidney phospholipid (r= 0.459, p<0.01), brain triacylglycerols (r=0.785,

p<0.01), brain phospholipid (r= 0.343, p<0.05), heart cholesterol (r= 0.488, p<0.01) and erythrocyte ghost phospholipid (r=0.359, p<0.05). A negative association was
however observed with HDL cholesterol (r= −0.485,
p<0.01), erythrocyte triacylglycerols (r= −0.318, p<0.05),
spleen phospholipid (r= −0.419, p<0.01), heart phospholipid (r= −0.415, p<0.01) and hepatic HMG CoA/Mevalonate ratio (r= −0.501, p<0.01).

Discussion
The results of this study indicate that fecal excretion of
salmonella and weight loss are associated with salmonella infection and that antibiotics may not
completely eradicate salmonella from the colon. Our
results are consistent with other studies that have
reported colonisation of both the ileum and colon by
the microbe and subsequent fecal excretion for
several weeks [18]. Weight loss in salmonella infection, attributed to diarrhea, decrease in appetite and
general inflammation of the gastrointestinal tract,
have also been reported [18,19].
A major finding of this study was that Salmonellosis
perturbs the metabolism of lipids in different compartments of the animals. These perturbations were reflected

Figure 2 Hepatic HMG CoA/Mevanolate ratios of the animals. NB: This ratio is used as an index of HMG CoA reductase activity. Each bar
represents the mean±S.E.M of 5rats. Bars with different alphabets are significantly different at p<0.05.
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Table 7 Intensity of association between fecal bacteria
load and lipid profiles and hepatic HMG CoA/Mevalonate
ratio in the animals
Parameters

Correlation
coefficient

Fecal Bacteria load vs. Weight change

−0.609a

Fecal Bacteria load vs. Plasma Cholesterol

0.456a

Fecal Bacteria load vs. Plasma Triacylglycerols

0.485a

Fecal Bacteria load vs. Plasma Phospholipid

0.414a

Fecal Bacteria load vs. Plasma free fatty acids

0.485a

Fecal Bacteria load vs. HDL Cholesterol

−0.485a

Fecal Bacteria load vs. LDL-VLDL Triacylglycerols

0.313b

Fecal Bacteria load vs. Erythrocyte
Triacylglycerols

−0.318b

Fecal Bacteria load vs. Liver Cholesterol

0.464a

Fecal Bacteria load vs. Liver Triacylglycerols

0.546a

Fecal Bacteria load vs. Liver Phospholipid

0.680a

Fecal Bacteria load vs. Kidney Triacylglycerols

0.445a

Fecal Bacteria load vs. Kidney Phospholipid

0.459a

Fecal Bacteria load vs. Brain Triacylglycerols

0.785a

Fecal Bacteria load vs. Brain Phospholipid

0.343b

Fecal Bacteria load vs. Spleen Phospholipid

−0.419a

Fecal Bacteria load vs. Heart Cholesterol

0.488a

Fecal Bacteria load vs. Heart Phospholipid

−0.415a

Fecal Bacteria load vs. Erythrocyte ghost
Phospholipid

0.359b

Fecal Bacteria load vs. HMG CoA/Mevalonate

−0.501a

a Correlation is significant at p< 0.01.
b Correlation is significant at p< 0.05.

as up-/down-regulation of the concentrations of the
major lipids (cholesterol, triacylglycerols, phospholipids
and free fatty acids). The data also indicate that the activity of hepatic HMG-CoA reductase was up-regulated
as a result of salmonellosis and its chemotherapy. During
infection, a wide range of alterations in metabolism occur.
These are part of the body’s reactions which help protect
the host from further injury, and facilitates the repair
process [20]. However, these metabolic changes, if
present for prolonged periods, can lead to detrimental
consequences on the host.
The increased triacylglycerol levels as well as increase
in VLDL and reduced HDL cholesterol levels observed
in this study are characteristic changes that have been
reported to occur during infection [21,22]. The consequence of this type of change is promotion of atherogenesis as observed by increased atherogenic index of
the animals. Elevation of plasma triacylglycerol level could
be the result of either increased VLDL production or
decreased VLDL clearance [23,24]. Experiments in rats
and mice showed that even at low doses, bacteria LPS can
rapidly stimulate VLDL production by increasing adipose

tissue lipolysis, increasing hepatic de novo fatty acid synthesis, and decreasing hepatic fatty acid oxidation, all of
which provide fatty acid substrate for esterification into
triacylglycerols and assembly into VLDL particles in the
liver [24-27]. Injection of bacteria or LPS into rats had
been reported to significantly inhibit the clearance of
LDL from the circulation [28] and markedly increase
VLDL-triacylglycerol [29,30]. This mechanism may
also have been responsible for the increased plasma and
erythrocyte free fatty acids observed in the experimental
rats infected with Salmonella as the increase in free fatty
acids was associated with increased LDL-VLDL and
plasma triacylglycerols.
The findings of this study showed a salmonellosisinduced hypercholesterolemia in the tissues of the
experimental animals. This enhanced cholesterogenesis
in the liver and brain of the animals may be attributed
to salmonella-induced activation of HMG-CoA (the
rate-limiting enzyme in cholesterol synthesis), while the
accumulation of cholesterol by other extra-hepatic tissues may be mediated by an enhanced cholesterol efflux
from the liver since most extra-hepatic tissues obtain
their cholesterol from the liver [31]. This also suggests
inhibition of the enzyme cholesterol-7α-hydroxylase, the
rate-limiting enzyme in the conversion of cholesterol to
bile acids (a well known mechanism for the excretion of
cholesterol from the body) [32].
Another mechanism of cholesterol removal from the tissues (most especially extra-hepatic tissues), is the
apolipoprotein-mediated cholesterol removal. An impairment of this process is usually indicated by decreased
HDL cholesterol level [33] as observed in this study. HDL
and apolipoprotein (apo) A-I have been reported to be
receptors of cellular cholesterol [33]. In addition,
phospholipid transfer protein mediates a transfer of phospholipids and cholesterol between triacylglycerols-rich
lipoproteins and HDL, and a reduction in phospholipid
transfer protein activity results in lower HDL levels [33].
Therefore, a reduction in phospholipid transfer protein activity could presumably decrease cellular cholesterol
removal as well. Other factors that influence the level of
tissue cholesterol are the activities of plasma lecithin:cholesterol acyltransferase (LCAT) and cholesterol ester
transfer protein (CETP) [34]. While LCAT is required for
the conversion of free cholesterol into cholesterol ester so
that it can then move into the core of HDL, CETP mediates the exchange of cholesterol ester in HDL for triacylglycerols in triacylglycerol-rich lipoproteins, an important
step in the delivery of cholesterol to the liver from extrahepatic tissues [34]. Although the activities of the two
enzymes were not determined in this study, reductions in
their activities which have been reported during infection
in other studies [35,36] could retard the reverse cholesterol
pathway as observed in this study.
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The findings of this research also demonstrated a
salmonellosis-induced phospholipidosis in the experimental animals. The induction of phospholipidosis is
often characterized by: (1) inhibition of lysosomal
phospholipase activity—this is generally regarded as the
primary mechanism of induction, (2) inhibition of lysosomal enzyme transport as a result of down-regulation
of genes involved in lysosomal enzyme transport, (3)
enhanced phospholipid biosynthesis due to enhanced
free fatty acid availability and (4) enhanced cholesterogenesis [37]. The data from this study indicate that the
latter two mechanisms might be involved in the induction of phospholipidosis. Previous studies have shown
that an infusion of a phospholipid-rich lipid emulsion
improved survival in a porcine model of septic peritonitis
[29,30], hence plasma, erythrocyte and tissue phospholipidosis observed in this study might possibly be part of the
host response to salmonellosis. The ability of oxidized
phospholipids to modulate the LPS signaling is known to
be beneficial to the host during infection. In fact, oxidized phospholipids have been shown to decrease inflammatory process in mice treated with LPS,
protecting them from endotoxic shock [36]. This may
explain why treatment with the antibiotics was unable
to reverse phospholipidosis as these antibiotics are
known to cause the release of LPS from the bacteria
cells into circulation [36].

Conclusion
Results of the present study provide evidence that dyslipidemia during and after administration of both amoxiliin and pefloxacin does occur in rat model of
salmonellosis. If these metabolic changes are present for
prolonged periods, they could be early signs in the
pathophysiology of atherosclerosis.
Methods
Chemicals

Pefloxacin was a product of Lek Pharmaceutical and
Chemical Company, Ljubljana, Slovenia, while amoxillin
was obtained from Beecham Pharmaceuticals, Brentford,
England. All other chemicals used in this study were of
the purest grade available and were obtained from
British Drug House (BDH) Chemicals Limited, Poole,
England and Sigma-Aldrich, Missouri, U. S. A.
Bacteria strain

Salmonella enterica serovar Typhimurium strain TA98
(obtained from the Nigerian Institute of Medical Research
(NIMR), Yaba, Lagos, Nigeria) was grown for 48 h under
static conditions in nutrient broth (CMI, Unipath, UK).
The organism was maintained on nutrient agar slant at
4°C. Bacteria were harvested from the slant, suspended
in 100ml nutrient broth and allowed to grow at 37°C for
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12 h (late logarithmic growth phase). The cells were spun
at 4,300 × g at 4°C for 10 min. Once the supernatant was
discarded, the cells were resuspended in 20 ml of buffer
and the centrifugation was repeated. The final washed pellet of bacteria cells was resuspended in 10 ml of
phosphate-buffered saline (PBS) pH 7.4. The stock concentration of bacteria was determined from an optical
density curve with a spectrophotometer.
Animal handling and experimental protocol

Experimental protocols were conducted in accord with
guidelines of the Institutional Animal Care and Use
Committee and were approved by the Animal Ethical
Committee of the Department of Biochemistry, University
of Agriculture Abeokuta. Pathogen free male albino rats
weighing 230-280 g obtained from the NIMR were used
for the study. The rats were housed in metabolic cages at
room temperature (22-24°C) and had free access to rat
chow and autoclaved tap water throughout the period of
the experiment. Animals were acclimatized to the housing
and dietary conditions for 2 weeks after which they were
fasted overnight and infected orally with 0.2 ml phosphatebuffered saline (PBS) pH 7.4 containing 1 × 1010
colony-forming unit (CFU) live culture of the bacteria
as described Hung and Wang [38]. Twenty animals
that were not infected and received 0.2 ml PBS orally
served as the normal control.
In previous Salmonella infection studies in rats [18,21]
it was established that monitoring functional infection
outcomes like Salmonella colonisation, translocation
and infection induced changes, follow-up of infected rats
for at least 3 to 4 days is needed. Therefore the infected
rats were left for four days after which fresh faecal samples were collected to quantify Salmonella colonisation
daily, as described by van Ampting [39].
After salmonellosis was confirmed, infected animals
were divided into 7 groups of 5 animals each. While 1
group served as infection control group and sacrificed
immediately to obtain baseline values in salmonellosis
(Infection Control), three groups were treated with
amoxillin (7.14 mg/kg body weight, 8 hourly) and the
remaining three groups with pefloxacin (5.71 mg/kg
body weight, 12 hourly) for 5 and 10 days respectively.
The antibiotics were constituted in 5% dextrose and
were prepared fresh before each administration. They
were administered in a total volume of 0.1ml. Control
animals received equivalent volume of 5% dextrose. All
drug administration was by the intraperitoneal route.
Table 8 summarises the study protocol.
Twenty four hours after 5 and 10 days antibiotic treatment and 5 days after the discontinuation of the antibiotics, blood was collected from the animals into
heparinised tubes by cardiac puncture under light ether
anaesthesia after an overnight fast. Their corresponding
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Table 8 Study protocol
Treatment Group

Treatment

Control Group 1

Control animals sacrificed when treatment of salmonella-infected animals with antibiotics commenced
(Designated as Normal Control in Tables)

Control Group 2

Control animals for 5 days of antibiotic treatment

Control Group 3

Control animals for 10 days of antibiotic treatment

Control Group 4

Control animals for day 15 (5 days after discontinuation of antibiotic treatment)

Salmonella group 5

Infected animals sacrificed when treatment with antibiotics commenced (Designated in Tables as Infection Control)

Salmonella group 6

Infected animals treated with amoxillin for 5 days and sacrificed 24h after amoxillin treatment (Designated in Tables as
Infected+Amoxillin day 5)

Salmonella group 7

Infected animals treated with amoxillin for 10 days and sacrificed 24h after amoxillin treatment (Designated in Tables as
Infected+Amoxillin day 10)

Salmonella group 8

Infected animals treated with amoxillin for 10 days and left for another 5 days to recover from antibiotic treatment before being
sacrificed (Designated in Tables as Infected+Amoxillin day 15)

Salmonella group 9

Infected animals treated with pefloxacin for 5 days and sacrificed 24h after pefloxacin treatment (Designated in Tables as
Infected+Pefloxacin day 5)

Salmonella group 10 Infected animals treated with pefloxacin for 10 days and sacrificed 24h after pefloxacin treatment (Designated in Tables as
Infected+Pefloxacin day 10)
Salmonella group 11 Infected animals treated with pefloxacin for 10 days and left for another 5 days to recover from antibiotic treatment before
being sacrificed (Designated in Tables as Infected+Pefloxacin day 15)

controls were also sacrificed at the same time point.
Liver, kidney, brain, heart and spleen were removed from
the animals for biochemical analyses. Blood samples
were centrifuged to separate plasma and red blood cells.
All samples were stored at −20°C until analysed. Since
the values for many of these parameters in control animals did not change appreciably during the course of
the study, only values for one group of ‘Normal Control’
are presented in the tables.
Biochemical analyses
Plasma lipid profiles

Plasma concentrations of total cholesterol and triglycerides were determined with commercial kits (Spin React
S.A., Santa Colona, Sant Esteve De Bas, Spain). HDL
cholesterol and triglycerides were determined in plasma
with same commercial kits for total cholesterol and triglycerides after very low density lipoproteins (VLDL)
and LDL were precipitated with heparin-MnCl2 solution
[40]. Total phospholipids in plasma were extracted with
chloroform-methanol mixture (2:1, v/v) as described
by Folch et al. [41]. Phospholipid content was then
determined as described by Stewart [42]. Briefly, an
aliquot of the phospholipid extract was evaporated to
dryness at 60°C. After cooling, 2 ml of chloroform
was added to the dried lipid extract and vortexed.
Ammonium ferrothiocyanate (2 ml) was then added
and the mixture vortexed for 1 min. They were left
for 10 min for the phases to separate. The chloroform
layer was taken and absorbance read at 488 nm. Phospholipid concentrations were then determined using a
phospholipid standard as reference.

Atherogenic Index (AI) was calculated as the base 10
logarithm of the ratio of the concentration of triacyglycerol to high density lipoprotein cholesterol, where each
concentration is expressed in mmol/L [43].
Free fatty acids (FFA) in plasma were determined
according to the method of Soloni and Sardina [44] as
modified by Brunk and Swanson [45]. Briefly, to 100 μl
of plasma was added 300 μl of copper reagent and 2 ml
of chloroform. This was shaken with a vertical shaker
for 10 min and centrifuged. After centrifugation, the
chloroform layer was removed and to this was added
1 ml of cuprizone and 100 μl of ammonia reagent. The
contents were shaken briefly by hand and absorbance
read at 620 nm 10 min after adding ammonia reagent. A
standard curve of palmitic acid taken through the same
procedure was used to calculate the concentrations of
FFA in the plasma samples.
Erythrocyte lipid profile

Because the Folch extraction [41] produced lipid extracts
which were highly pigmented, an improved procedure
for the extraction of lipids from erythrocytes using
chloroform-isopropanol (7:11, v/v) described by Rose
and Oklander [46] was employed. For the determination
of cholesterol, an aliquot of the chloroform-isopropanol extract was evaporated to dryness at 60°C. Triton X-100/
chloroform mixture (1:1, v/v, 20 μl) was added to resolve
the lipids and again the solvent was evaporated. Then 1 ml
of commercially available cholesterol kit reagent (Spin
React S.A., Santa Colona, Sant Esteve De Bas, Spain) was
added and vortexed. After incubation in the dark at room
temperature for 30 min, cholesterol content was
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determined by colorimetry [47]. Determination of
total phospholipids and free fatty acids in the chloroformisopropanol extract of the erythrocyte followed the same
procedure as described for plasma [42].
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with 100 μl cold Tris–HCl buffer and poured into
Eppendorf tubes. The membrane suspensions were kept
frozen in this latter buffer at −20°C. Lipids were extracted
from the membrane suspensions and determined as
described for erythrocytes.

Organ lipid profiles

Lipids were extracted from the organs (liver, kidney,
brain, heart and spleen) as described by Folch et al.
(1957). After washing with 0.05M KCl solution, aliquots
of the chloroform-methanol extract were then used for
the determination of cholesterol, triglycerides and phospholipids concentrations. Cholesterol was determined in
an aliquot of the chloroform-methanol extract of each
organ as described for erythrocytes while determination
of phospholipids followed the same procedure as
described for plasma. Triglyceride concentrations in aliquots of the chloroform-methanol extracts of each organ
were determined following the procedure described by
Kriketos et al. [48]. Briefly, an aliquot of the chloroformmethanol extract in Eppendorf tubes was evaporated to
dryness at 60°C. After cooling, 200 μl of ethanol (97%)
was added to the tube to resuspend the triglyceride.
Then 1 ml of commercially available triglyceride kit
(Spin React S. A., Santa Colona, Sant Esteve De Bas,
Spain) was added and vortexed. After incubating in the
dark at room temperature for 20 min, triglyceride content was determined spectrophotometrically.
Isolation of erythrocyte ghost and determination of its
lipid profile

Erythrocyte membranes were prepared according to the
method described by Hanahan and Ekholm [49]. Briefly,
blood samples were centrifuged at 5000 rpm for 15 min
at 4°C. Plasma and buffy coat were removed by careful
suction and the cells were resuspended in isotonic Tris–
HCl buffer. After mixing by inversion, the samples were
recentrifuged at 5000 rpm for 15 min at 4°C. The supernatant was again removed by careful suction and a few
red cells were sacrificed to remove any remaining buffy
layer. This washing procedure was repeated twice. The
washed cells were then suspended in isotonic Tris–HCl
buffer pH 7.6 to an approximate hematocrit of 50% and
were kept on ice. The samples were mixed gently by inversion for about 1 min before membrane preparation.
5ml aliquots of the 50% cell suspensions were transferred to 50 ml polyethylene tubes. Thirty ml of hypotonic Tris–HCl buffer pH 7.6 were added to the cell
suspension for osmotic lysis. After allowing the tubes to
stand for about 10 min, they were centrifuged at 20,000
rpm for 20 min at 4°C. The supernatants were discarded
and the pellets resuspended in 10 ml Tris–HCl and centrifuged for 20 min at 20,000 rpm at 4°C. The pellets
were washed four times until the membranes were
colourless. Finally, the resultant pellets were rinsed twice

Determination of hepatic HMG-CoA reductase activity

This was determined according to the method of Rao and
Ramakrishnan [50]. Briefly, fresh liver homogenates were
mixed with equal volumes of perchloric acid. The mixture
was subsequently centrifuged (2,000 rpm for 10 min) and
the supernatant was treated with freshly prepared 1M
hydroxylamine in 2.25M NaOH. HMG-Co A was determined by subsequent colorimetric measurement of the
resulting hydroxamic acid by formation of complexes with
ferric salts at 540 nm. Mevalonate was estimated by reaction with 1M hydroxylamine in water to form the hydroxamate. The ratio of HMG-CoA to mevalonate is taken as an
index of the activity of HMG-CoA reductase. An increase
in this ratio indicates inhibition of cholesterogenesis while
a decrease indicates enhanced cholesterogenesis.
Statistical analysis

Data are expressed as mean ± S.E.M. One way analysis
of variance (ANOVA) followed by Duncan Multiple
Range Test was used to analyse the results with p < 0.05
considered significant.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
RSO carried out literature search and all experimental work, performed
statistical analysis and data interpretation and wrote the draft of the
manuscript. ODA contributed to conception and design, analysis and
interpretation of data and critical review of the manuscript. TOA contributed
to conception and design, analysis and interpretation of data and critical
review of the manuscript. BEA contributed to conception and design,
analysis and interpretation of data and critical review of the manuscript. AO
supervised the work and contributed intellectual input in the discussion and
overall presentation of the manuscript. All authors read and approved the
final manuscript.
Author details
1
Biochemistry Unit, Department of Biological Sciences, Covenant University,
Ota, Nigeria. 2Department of Microbiology, University of Agriculture,
Abeokuta, Nigeria. 3Medical Centre, University of Agriculture, Abeokuta,
Nigeria. 4Department of Biochemistry, University of Agriculture, Abeokuta,
Nigeria.
Received: 12 April 2012 Accepted: 6 November 2012
Published: 9 November 2012
References
1. Levine MM, Tacket CO, Sztein MB: Host-Salmonella interaction: human
trials. Microbes Infect 2001, 3:1271–1279.
2. Parry CM: Antimicrobial drug resistance in Salmonella enterica. Curr Opin
Infect Dis 2003, 16:467–472.
3. Darwin KH, Miller VL: Molecular basis of the interaction of Salmonella
with the intestinal mucosa. Clin Microbiol Rev 1999, 12:405–428.
4. Clark MA, Jepson MA, Simmons NL, Hirst BH: Preferential interaction of
Salmonella typhimurium with mouse Peyer's patch M cells. Res Microbiol
1994, 145:543–552.

Rotimi et al. Lipids in Health and Disease 2012, 11:152
http://www.lipidworld.com/content/11/1/152

5.
6.

7.

8.

9.

10.
11.

12.

13.

14.
15.
16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.
27.

Mohanty S, Gaind R, Sehgal R, Chellani H, Deb M: Neonatal sepsis due to
Salmonella Typhi and Paratyphi A. J Infect Dev Ctries 2009, 3:633–638.
Newcomb D, Bolgos G, Green L, Remick DG: Antibiotic treatment
influences outcome in murine sepsis: mediators of increased morbidity.
Shock 1998, 10:110–117.
Yildiran A, Siga E, Baykal S, Okten A: Sepsis and multiple brain abscesses
caused by Salmonella paratyphi B in an infant: successful treatment with
sulbactam-ampicillin and surgical drainage. Turk J Pediatr 2001,
43:85–87.
Young DK, Reid KM: Salmonella sepsis in ulcerative colitis: report of a
case and review of the literature. J Am Osteopath Assoc 1987,
87:488–492.
Ogunlesi TA, Ogunfowora OB, Osinupebi O, Olanrewaju DM: Changing
trends in newborn sepsis in Sagamu, Nigeria: bacterial aetiology, risk
factors and antibiotic susceptibility. J Paediatr Child Health 2011, 47:5–11.
Carre JE, Singer M: Cellular energetic metabolism in sepsis: the need for a
systems approach. Biochim Biophys Acta 2008, 1777:763–771.
Fischer JE, Hasselgren PO: Cytokines and glucocorticoids in the regulation
of the "hepato-skeletal muscle axis" in sepsis. Am J Surg 1991,
161:266–271.
Hasselgren PO, Talamini M, James JH, Fischer JE: Protein metabolism in
different types of skeletal muscle during early and late sepsis in rats.
Arch Surg 1986, 121:918–923.
Kovalenko AN, Zhdanov KV, Volzhanin VM, Shishkin MK, Tokmakov VS,
Karpov AV, Murachev AA, Kondratenok VA: Features of clinic, diagnostics
and treatment of typhoid fever in young patients. Voen Med Zh 2011,
332:33–39.
Makhnev MV: Efficacy of various antimicrobial agents in the treatment of
epidemic typhoid fever. Antibiot Khimioter 2003, 48:27–34.
Basnyat B: Typhoid fever in the United States and antibiotic choice. JAMA
2010, 303:34. author reply 34–35.
Brun-Buisson C, Doyon F, Carlet J, Dellamonica P, Gouin F, Lepoutre A,
Mercier JC, Offenstadt G, Regnier B: Incidence, risk factors, and outcome
of severe sepsis and septic shock in adults. A multicenter prospective
study in intensive care units. French ICU Group for Severe Sepsis. JAMA
1995, 274:968–974.
Iperepolu OH, Entonu PE, Agwale SM: A review of the disease burden,
impact and prevention of typhoid fever in Nigeria. West Afr J Med 2008,
27:127–133.
Havelaar AH, Garssen J, Takumi K, Koedam MA, Dufrenne JB, van Leusden
FM, de La Fonteyne L, Bousema JT, Vos JG: A rat model for dose–response
relationships of Salmonella Enteritidis infection. J Appl Microbiol 2001,
91:442–452.
Naughton PJ, Grant G, Spencer RJ, Bardocz S, Pusztai A: A rat model of
infection by Salmonella typhimurium or Salm. enteritidis. J Appl Bacteriol
1996, 81:651–656.
Gabay C, Kushner I: Acute-phase proteins and other systemic responses
to inflammation. N Engl J Med 1999, 340:448–454.
Grunfeld C, Pang M, Doerrler W, Shigenaga JK, Jensen P, Feingold KR:
Lipids, lipoproteins, triglyceride clearance, and cytokines in human
immunodeficiency virus infection and the acquired immunodeficiency
syndrome. J Clin Endocrinol Metab 1992, 74:1045–1052.
Sammalkorpi K, Valtonen V, Kerttula Y, Nikkila E, Taskinen MR: Changes in
serum lipoprotein pattern induced by acute infections. Metabolism 1988,
37:859–865.
Tiirola T, Jauhiainen M, Erkkila L, Bloigu A, Leinonen M, Haasio K, Laitinen K,
Saikku P: Effect of pravastatin treatment on Chlamydia pneumoniae
infection, inflammation and serum lipids in NIH/S mice. Int J Antimicrob
Agents 2007, 29:741–742.
Nonogaki K, Moser AH, Pan XM, Staprans I, Grunfeld C, Feingold KR:
Lipoteichoic acid stimulates lipolysis and hepatic triglyceride secretion in
rats in vivo. J Lipid Res 1995, 36:1987–1995.
Memon RA, Grunfeld C, Moser AH, Feingold KR: Tumor necrosis factor
mediates the effects of endotoxin on cholesterol and triglyceride
metabolism in mice. Endocrinology 1993, 132:2246–2253.
Hardardottir I, Grunfeld C, Feingold KR: Effects of endotoxin and cytokines
on lipid metabolism. Curr Opin Lipidol 1994, 5:207–215.
Hardardottir I, Sipe J, Moser AH, Fielding CJ, Feingold KR, Grunfeld C: LPS
and cytokines regulate extra hepatic mRNA levels of apolipoproteins
during the acute phase response in Syrian hamsters. Biochim Biophys
Acta 1997, 1344:210–220.

Page 11 of 11

28. Xu N, Nilsson A: Endotoxin inhibits catabolism of low density lipoproteins
in vivo: an experimental study in the rat. Scand J Clin Lab Invest 1996,
56:53–61.
29. Wright LC, Nouri-Sorkhabi MH, May GL, Danckwerts LS, Kuchel PW, Sorrell
TC: Changes in cellular and plasma membrane phospholipid
composition after lipopolysaccharide stimulation of human neutrophils,
studied by 31P NMR. Eur J Biochem 1997, 243:328–335.
30. Sakaguchi O, Sakaguchi S: Alterations of lipid metabolism in mice injected
with endotoxin. Microbiol Immunol 1979, 23:71–85.
31. Ademuyiwa O, Agarwal R, Chandra R, Behari JR: Lead-induced
phospholipidosis and cholesterogenesis in rat tissues. Chem Biol Interact
2009, 179:314–320.
32. Kojima M, Sekikawa K, Nemoto K, Degawa M: Tumor necrosis factor-alpha
independent downregulation of hepatic cholesterol 7alpha hydroxylase
gene in mice treated with lead nitrate. Toxicol Sci 2005, 87(2):537–542.
33. Jiang XC, Bruce C, Mar J, Lin M, Ji Y, Francone OL, Tall AR: Targeted
mutation of plasma phospholipid transfer protein gene markedly
reduces high-density lipoprotein levels. J Clin Invest 1999, 103:907–914.
34. Botham KM: Lipid transport and storage. In Harper’s Illustrated Biochemistry.
27th edition. Edited by Murray RK, Granner DK, Rodwell VW. Boston:
McGraw-Hill; 2006:217–229.
35. Liu SH, Sheu TJ, Lin RH, Lin-Shiau SY: The in vivo effect of
lipopolysaccharide on the spontaneous release of transmitter from
motor nerve terminals. Br J Pharmacol 1995, 116:1757–1760.
36. Feingold KR, Memon RA, Moser AH, Shigenaga JK, Grunfeld C: Endotoxin
and interleukin-1 decrease hepatic lipase mRNA levels. Atherosclerosis
1999, 142:379–387.
37. Sawada H, Takami K, Asahi S: A toxicogenomic approach to drug-induced
phospholipidosis: An analysis of its induction mechanism and
establishment of a novel in vitro screening system. Toxicol Sci 2005,
83:282–292.
38. Hung CR, Wang PS: Gastric oxidative stress and hemorrhagic ulcer in
Salmonella typhimurium-infected rats. Eur J Pharmacol 2004, 491:61–68.
39. van Ampting MT, Schonewille AJ, Vink C, Brummer RJ, van der Meer R,
Bovee-Oudenhoven IM: Intestinal barrier function in response to
abundant or depleted mucosal glutathione in Salmonella-infected rats.
BMC Physiol 2009, 9:6.
40. Gidez LI, Miller GJ, Burstein M, Slagle S, Eder HA: Separation and
quantitation of subclasses of human plasma high density lipoproteins by
a simple precipitation procedure. J Lipid Res 1982, 23:1206–1223.
41. Folch J, Lees M, Sloane Stanley GH: A simple method for the isolation and
purification of total lipides from animal tissues. J Biol Chem 1957,
226:497–509.
42. Stewart JC: Colorimetric determination of phospholipids with ammonium
ferrothiocyanate. Anal Biochem 1980, 104:10–14.
43. Holmes DT, Frohlich J, Buhr KA: The concept of precision extended to the
atherogenic index of plasma. Clin Biochem 2008, 41:631–635.
44. Soloni FG, Sardina LC: Colorimetric microdetermination of free fatty acids.
Clin Chem 1973, 19:419–424.
45. Brunk SD, Swanson JR: Colorimetric method for free fatty acids in serum
validated by comparison with gas chromatography. Clin Chem 1981,
27:924–926.
46. Rose HG, Oklander M: Improved procedure for the extraction of lipids
from human erythrocytes. J Lipid Res 1965, 6:428–431.
47. Eder K, Kirchgessner M: The effect of zinc deficiency on erythrocyte
membrane lipids of force-fed rats receiving a diet containing coconut oil
or fish oil. J Trace Elem Electrolytes Health Dis 1994, 8:63–73.
48. Kriketos AD, Furler SM, Gan SK, Poynten AM, Chisholm DJ, Campbell LV:
Multiple indexes of lipid availability are independently related to whole
body insulin action in healthy humans. J Clin Endocrinol Metab 2003,
88:793–798.
49. Hanahan DJ, Ekholm JE: The preparation of red cell ghosts (membranes).
Methods Enzymol 1974, 31:168–172.
50. Rao AV, Ramakrishnan S: Indirect assessment of hydroxymethylglutarylCoA reductase (NADPH) activity in liver tissue. Clin Chem 1975,
21:1523–1525.
doi:10.1186/1476-511X-11-152
Cite this article as: Rotimi et al.: Tissue dyslipidemia in salmonellainfected rats treated with amoxillin and pefloxacin. Lipids in Health and
Disease 2012 11:152.

