




















































































































































































































































































Chapter 5             Sickness behaviour during recurrent acute infection 

 

115 

 

5.3.7. Histopathology 

 

I examined hippocampal tissue in a sub-sample of rats (n = 19) for possible histopathological 

changes induced by recurrent i.p. injections of either 500 µg.kg-1 FSL-1 (n = 10) or 1 ml.kg-1 

PBS (n = 9). Brain tissue of rats destined for histology was collected 17 days after 

administration of the last of the three injections, i.e. the day of the last exposure to the Morris 

Water Maze (see Fig. 5.1). Rats were anaesthetized deeply with an i.p. injection of 1 ml 

sodium pentobarbital (Euthapent, 200 mg.ml-1; Kyron Laboratories (Pty) Ltd., South Africa) 

and were perfused transcardially for 2 min with about 250 ml of ice-cold sterile saline (0.9 % 

NaCl) via the left ventricle. Hippocampal tissue was dissected out rapidly on an ice-chilled 

plate and placed in microcentrifuge tubes, to which 0.5 ml RNAlater Solution (AEC 

Amersham, (Pty) Ltd., South Africa) was added to preserve the tissue. Post-fixed 

hippocampal tissue, in the micro-centrifuge tubes, then was snap-frozen in liquid nitrogen 

and stored at – 80 ºC. For histopathological examination, specimens were cut at 50 µm 

intervals and stained in cresyl violet. The sections were inspected for necrosis, and cells in 

the dentate gyrus with morphological changes compatible with apoptosis were counted with 

a microscope (Olympus BX41) in three visual fields (per rat) at 400x magnification. 

Apoptosis was scored as follows: 0-5 apoptotic cells = 0; 6-30 apoptotic cells = 1; more than 

30 apoptotic cells = 2 (see Pfister et al., 2000). The histopathology was performed by a 

qualified histopathologist, Bridget Mitchell, who was blind to the experimental interventions. 

 

5.3.8. Data analysis 

 

I used the thermal response index (TRI, ºC.h) as an integrated measure of fever duration 

and magnitude. To take account of circadian rhythms in body temperature, TRIs were 

calculated as the time integrals of the differences between the abdominal temperature of 
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each rat after injection and the abdominal temperature of that rat at the same time of day, 

averaged for the three days before the day of injection, when the rats were undisturbed in 

their home cages. TRIs were calculated separately for day 0, day 10 and day 20, over a 12 h 

period starting at 19:00, i.e. three hours after injections. For statistical analyses, TRIs were 

compared between groups separately on days 0, 10 and 20 by t-tests. Nocturnal cage 

activity counts detected over 5 min were summed for the same twelve hours following 

injections. Cage activity was expressed as a percent change from the mean activity 

measured for the same time period over three nights before the injection.  For statistical 

analyses, percent change in cage activity was compared between the groups over the first 

five days following each of the injections, separately, by two-way repeated-measures 

ANOVA.  

 

Food intake was expressed as grams of food consumed in 24 h per 100 g of rat body mass. 

Twenty-four hour change in body mass (g) of each rat was determined by subtracting the 

body mass measured at 16:00 from the body mass measured at the same time on the 

previous day. The rate of mass gain was expressed as change in body mass per 24 h (g.d-1). 

For statistical analyses, changes in food intake as well as changes in body mass were 

compared between the groups over the first two days following each of the injections, 

separately, by two-way repeated-measures ANOVA.   

 

For each of the training days in the Morris Water Maze the mean speed, mean distance and 

latency to reaching the submerged platform over all four trials on that day was determined 

for each rat and then averaged across the group of rats. Changes in the indices measured 

during the four-day acquisition phase in the Morris Water Maze were compared between 

groups and over time, by two-way repeated-measures ANOVA. Indices measured during the 

Cued tests were analyzed by means of unpaired t-tests. The percentage time spent in the 
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zones of the Morris Water Maze during the Probe trial was analyzed with one-way ANOVA, 

separately, for rats that had received PBS and for rats that had received FSL-1. Appropriate 

corrections were applied for multiple comparisons and post hoc tests were performed when 

ANOVA showed significance.  

 

Data are expressed as mean ± SD and a statistical significance was accepted for P < 0.05. 
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5.4 RESULTS 

 

5.4.1. Body temperature and cage activity 

 

Five minute recordings of abdominal temperature responses were averaged over 15 min 

intervals and plotted as temperature-time curves (Fig. 5.2). Handling and injection caused an 

immediate, but temporary, hyperthermia of similar magnitude and duration for rats receiving 

both FSL-1 and PBS injections. Then, about 3 h after each of the three successive 

injections, on day 0, day 10 or day 20, abdominal temperatures of rats that had received 

FSL-1 started to exceed those of rats that had received PBS. On average the body 

temperature of rats that had received FSL-1 peaked approximately 6 h after the injections, at 

about 38.8 ºC, a degree higher than that of rats that had received PBS. Twelve hour TRIs 

(19:00-07:00) calculated for rats that had received FSL-1 injections showed significant 

differences to the TRIs calculated for rats that received PBS (Fig. 5.3) on day 0 (t (31) = 

6.79, P < 0.0001), day 10 (t (31) = 4.96, P < 0.0001), and day 20 (t (31) = 5.95, P < 0.0001). 

The mean 12 h TRIs on day 0, day 10 and day 20 of rats that had received FSL-1 were not 

significantly different from each other (F (2,32) = 1.30, P = 0.29, one-way repeated 

measures ANOVA) (Fig. 5.3). 
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Figure 5.1. Abdominal temperature (mean ± SD) of rats from 2 h before to 15 h after they 

received three single i.p. injections, spaced 10 days apart, of either 500 µg.kg-1 FSL-1 in 1 

ml.kg-1 PBS (●; n = 17), or 1 ml.kg-1 PBS (○; n = 16). The arrow indicates time of injection 

(16:00) and the black bar indicates lights off (19:00-07:00). See Fig. 5.3 for statistical 

analyses. 
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Figure 5.2. Twelve hour night-time (19:00 - 07:00) thermal response indices (TRIs) 

(mean ± SD) of rats after receiving three i.p. injections, 10d apart, of 1 ml.kg-1 PBS (n = 17) 

or FSL-1 at a dose of 500 µg.kg-1 in 1 ml.kg-1 PBS (n = 16). Significant differences: * PBS vs. 

FSL-1. 
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Figure 5.4 shows the change in nocturnal cage activity of rats after receiving an i.p. injection 

of either FSL-1 or PBS. On average over the first nights after injection, the activity of rats 

was depressed by 59 ± 21% after the first injection, by 40 ± 31% after the second injection 

and by 47 ± 29% after the third injection and those depressions were not significantly 

different from each other (F (2,32) = 1.63, P = 0.21, one-way repeated measures ANOVA). 

The main effects of intervention (F (1,31) = 58.99, P < 0.0001), time (F (4,124) = 49.16, P < 

0.0001) and interaction (F (4,124) = 41.57, P = 0.27) after the first injection were significant 

such that the activity of rats was depressed significantly over the first (P < 0.003) and 

second (P < 0.003) nights after the FSL-1 injection compared to the activity of rats that 

received PBS. The main effects of intervention (F (1,31) = 13.09, P = 0.001), time (F (4,124) 

= 18.11, P < 0.0001) and interaction (F (4,124) = 17.51, P < 0.0001) after the second 

injection were significant such that the activity of rats was depressed significantly only over 

the first night after the FSL-1 injection compared to activity of rats that received PBS (P < 

0.003). Similarly, the main effects of intervention (F (1,31) = 6.24, P = 0.02), time (F (4,124) 

= 30.61, P < 0.0001) and interaction (F (4,124) = 30.52, P < 0.0001) after the third injection 

of FSL-1 were significant such that the activity of rats was depressed significantly only over 

the first night after the injection of FSL-1 compared to activity of rats that received PBS (P < 

0.003).  
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Figure 5.4. Nocturnal (19:00-07:00) cage activity (mean ± SD) of rats after receiving 

three, spaced, i.p. injections of either 500 µg.kg-1 FSL-1 in 1 ml.kg-1 PBS  (●; n = 17), or 

ml.kg-1 PBS (○; n = 16). Cage activity was expressed as a percent change from the mean 

activity measured over the same time period for the four days before the first injection. 

Negative changes represent a reduction in cage activity below pre-injection levels. The 

arrows indicate the days on which each of the three injections was administered. Significant 

differences: * FSL-1 vs. PBS; see sections 5.3.3 and 5.3.8 in text for details. 
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5.4.2. Food intake and body mass 

 

On average, rats consumed 19.7 ± 2.1 g of food per 100 g of body mass over the three days 

before receiving FSL-1 or PBS injections (Fig. 5.5A). The main effect of intervention (F 

(1,31) = 12.62, P = 0.001), time (F (1,31) = 18.43, P = 0.0002) and interaction (F (1,31) = 

9.36, P = 0.005) after the first injection of FSL-1 were significant such that rats consumed 

significantly less food over the first day  compared to rats that received PBS (P < 0.003). 

After the second injection, the main effect of intervention (F (1,31) = 3.45, P = 0.07), time (F 

(1,31) = 0.98, P = 0.33) and interaction (F (1,31) = 6.75, P = 0.01) indicated that there were 

no significant differences in the amount of food consumed by rats that received either FSL-1 

or PBS. After the third injection the main effect of intervention (F (1,31) = 24.86, P < 0.0001), 

time  (F (1,31) = 6.71, P = 0.01) and interaction (F (1,31) = 24.11, P < 0.0001) were 

significant such that rats consumed significantly less food over the first day immediately after 

the FSL-1 injection compared to rats that received PBS (P < 0.003). Furthermore, after each 

of the three FSL-1 injections, the 24 h change in food consumption (per 100 g of BM) of rats 

was significantly different (F (2,32) = 12.10, P = 0.0001, one-way repeated measures 

ANOVA): the decrease in food consumption after the first FSL-1 injection was significantly 

greater than that after the second (P < 0.05) and third (P < 0.05) FSL-1 injections. From the 

third day after each of the three injections, rats that had received FSL-1 consumed similar 

amounts of food to the rats that had received PBS. 

  

Figure 5.5B shows the rate of mass gain of rats before and after they had received three i.p. 

injections of either FSL-1 or PBS, spaced 10 d apart. Before injections, rats grew at similar 

constant growth rates. However, after the first injection of either FSL-1 or PBS, the main 

effect of intervention (F (1,31) = 15.91, P = 0.0004), time (F (1,31) = 87.26, P < 0.0001) and 

interaction (F (1,31) = 44.13, P < 0.0001) were significant such that the rate of mass gain of  
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Figure 5.5. Daily (24 h) food intake (mean ± SD) and rate of mass gain (mean ± SD) of 

rats measured for 10 d after receiving three, spaced, i.p. injections of either 500 µg.kg-1 FSL-

1 in 1 ml.kg-1 PBS (●; n = 17), or 1 ml.kg-1 PBS (○; n = 16). Food intake (A) was calculated 

as grams of food consumed in 24 h per 100 g of body mass on that day. The rate of mass 

gain (B) was calculated over successive 24 h intervals starting at 16:00, and was expressed 

as grams of body mass gain, per day. The arrows indicate the days on which each of the 

three injections was administered. Significant differences: * FSL-1 vs. PBS; see sections 

5.3.4 and 5.3.8 in text for details.   
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rats that had received FSL-1 was reduced over the first day after the injection compared to 

that of rats that had received PBS (P < 003). Similarly, after the second injection of either 

FSL-1 or PBS, there was no significant intervention effect (F (1,31) = 3.84, P = 0.06), but the 

main effect of time (F (1,31) = 23.18, P < 0.0001) and interaction (F (1,31) = 14.86, P < 

0.0005) were significant such that the rate of mass gain of rats that had received FSL-1 was 

reduced significantly over the first day compared to that of rats that had received PBS (P < 

0.003). After the third injection of either FSL-1 or PBS the main effect of intervention (F 

(1,31) = 7.29, P = 0.01), time (F (1,31) = 40.33, P < 0.0001) and interaction (F (1,31) = 

17.01, P = 0.0003) were significant such that the rate of mass gain of rats that had received 

FSL-1 was reduced over the first day compared to that of rats that had received PBS (P < 

0.003). Furthermore, after each of the three FSL-1 injections the rate of reductions was not 

statistically significantly different from each other (F (2,32) = 40.33, P < 0.0001, one way 

repeated measures ANOVA). From the third day after each of the three injections, rats that 

had received FSL-1 grew at rates not significantly different to those of the rats that had 

received PBS. 

 

5.4.3. Learning and memory: Morris Water Maze 

 

Figure 5.6 shows the performance of rats as measured in a Morris Water Maze after 

completing three i.p. injections at 10 day intervals of either FSL-1 or PBS (see Fig. 5.1). 

During the Cued test (visible platform), a day before the rats started their 4-day acquisition 

training, there were no significant differences between the two groups of rats in any of the 

indices measured, namely latency to finding the platform (Fig. 5.6A; t (31) = 1.72, P = 0.09), 

distance swum to the platform (Fig. 5.6B; t (31) = 0.75, P = 0.46) and speed of swimming 

(Fig 5.6C; t (31) = 1.84, P = 0.08).  
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Figure 5.6. Performance of rats during the Cued test, the phase of acquisition of memory 

and the phase of memory recall, as measured in a Morris Water Maze from 12 d after the 
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last of the three successive i.p. injections of either 500 µg.kg-1 FSL-1  in 1ml.kg-1 PBS (●; n = 

17), or 1ml.kg-1 PBS (○; n = 16). Data are means ± SD. During the Cued test (A-C), which 

was performed on Day 32, the rats were given one attempt at finding the visible platform 

during which latency (A), distance swum (B) and swim speed (C) were measured. During the 

phase of acquisition of memory (E-G), the rats were given four trials per day over four days 

to find the submerged platform; mean values for the four trials are presented, and latency 

(E), distance swum (F) and swim speed (G) were measured. The phase of memory recall 

was performed on Day 37, in which reference memory was tested with a single Probe trial, 

and the % time spent in each zone of the Maze (D, H) was measured. # indicates significant 

differences to the other three zones. 
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When the Cued test was repeated at the end of the “Probe” trial, there again were no 

significant differences between the two groups of rats in any of those indices (data not 

shown).  

 

Over the four-day training in the Maze (i.e. the phase of acquisition of memory), there was a 

significant main effect of time (F (3,93) = 35.15, P < 0.0001) with the latency to reach the 

submerged platform (Fig. 5.6E) decreasing for both groups of rats, but there was no 

significant intervention effect (F (1,31) = 0.07, P = 0.79) and no significant interaction (F 

(3,93) = 0.91, P = 0.44). Similarly, the distance to reach the submerged platform (Fig. 5.6F) 

decreased significantly for both groups of rats (time effect: F (3,93) = 35.70, P < 0.0001), but 

there was no significant intervention effect (F (1,31) = 0.91, P = 0.35) and no significant 

interaction (F (3,93) = 0.05, P = 0.98). Furthermore, for swim speed (Fig. 5.6G) there was a 

significant time effect over the four days (F (3,93) = 4.04, P = 0.01), but there was no 

significant intervention effect (F (1,31) = 0.61, P = 0.44) and no significant interaction (F 

(3,93) = 2.25, P = 0.09).  

 

When the rats were tested in the Probe trial (platform removed) 24 h after the last acquisition 

trial, there was a significant difference in the percentage time spent in each of the four zones 

(i.e. NW, NE, SE, SW) for rats that had received PBS (Fig. 5.6D; F (3,60) = 19.52, P < 

0.0001) and for rats that had received FSL-1 (Fig. 5.6H, F (3,64) = 22.81, P < 0.0001). Rats 

in both groups spent significantly more time searching for the platform in the SE target zone 

(where the platform was originally located) compared to the other three zones (i.e. NW, NE, 

SW), so both groups of rats successfully could recall the former location of the platform. The 

mean latency to the platform position (data not shown) was significantly shorter than the cut-

off value of 30 s for both rats that had received PBS (t (15) = 5.04, P = 0.0001) and rats that 

had received FSL-1 (t (15) = 5.04, P < 0.0001). Furthermore, there were no significant 
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differences in the swim speed, distance swum and latency to finding the former platform 

position, or platform crossings, between rats that had received PBS or FSL-1 (data not 

shown).  

 

5.4.4. Histopathology 

 

There was no significant evidence of apoptosis or neurodegeneration (necrosis) in any of the 

treatment groups. Specifically, histology of the granular cell layer of the dentate gyri (Fig. 

5.7) showed no evidence of histopathological changes in cresyl violet brain sections of the 

hippocampi of rats receiving either PBS (Fig. 5.7A) or FSL-1 (Fig. 5.7B).  
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Figure 5.7. Cresyl violet stained sections (400 x magnification; bar = 25 µm) of the 

granular cell layer of the hippocampal dentate gyrus of rats 17 days after receiving the last of 

the three successive i.p. injections of either 1 ml.kg-1 PBS (n = 9) (A) or 500 µg.kg-1 FSL-1 in 

1 ml.kg-1 PBS (n = 10) (B). 
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5.5 DISCUSSION 

 

There have been many experimental studies of simulated acute fever, and some of chronic 

fevers, but my study is one of few to investigate the consequences of recurrent, acute 

simulated infections. I have shown in growing rats that repetitive parenteral administration, at 

10 day intervals, of FSL-1, the pyrogenic moiety of Mycoplasma salivarium, generated 

recurrent fevers without the development of tolerance to the pyrogen, and caused recurrent 

lethargy and anorexia without the development of tolerance to those two sickness 

behaviours. Importantly, repetitive administration of FSL-1, at the dosage we used, did not 

leave residual impairment in spatial learning or memory when rats were tested in a Morris 

Water Maze. In accordance with the lack of effect on spatial learning and memory, histology 

of the dentate gyri of rats also showed no evidence of apoptotic cell death after the 

simulated, recurrent acute Mycoplasma infection.  

 

In seeking to model a recurrent infection, I set out to simulate repetitive infections at intervals 

long enough for the acute phase effect of the first injection to have resolved, and achieved 

this goal. Repetitive administration of FSL-1 generated recurrent fevers of statistically similar 

magnitude, which started about 3 h after each of the three injections and lasted for about 9 h 

(Fig. 5.2, 5.3). However, two of the sickness behaviours that I measured, namely lethargy 

and anorexia, were affected differentially, somewhat, after each of the three injections of 

FSL-1. The initial magnitudes of the lethargy were the same after each of the three 

injections, but the lethargy resolved more rapidly after the second and third injections, then 

being confined to one day (Fig. 5.4). Contrary to what was seen with lethargy, the initial 

magnitude of anorexia induced by the first injection was significantly different from that after 

the second and third injection (Fig. 5.5A), perhaps because the rats were younger at the first 

injection.  
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Together with the recurrent fever and anorexia, the rats exhibited reduced rate of mass gain 

after each of the three FSL-1 injections (Fig. 5.5B). Again, the initial reduction in rate of mass 

gain was statistically similar after the three injections. The recurrent acute reduction in food 

intake and mass gain following repetitive administration of FSL-1, were superimposed on a 

progressive reduction in food intake per 100 g of body mass in both groups of rats, as they 

grew (Fig. 5.5). Their average body mass almost tripled over the duration of the procedure, 

so absolute food intake increased appreciably. Interestingly, on the second day following 

each of the three injections of FSL-1 there was a small, albeit insignificant, increase in rate 

of mass gain relative to that of rats that had received PBS, despite no difference in food 

intake (Fig. 5.5B), ruling out a rebound hyperphagia. Rather, I speculate that, following the 

simulated infection, the rats digested and absorbed the food more slowly than did rats 

receiving PBS, resulting in a slower transit time and delayed gastric emptying and hence, 

increased residual food or faecal material in the gastrointestinal tract. A reduction in transit 

time and delayed gastric emptying as well as inhibition of gastric acid and pepsin secretion 

(e.g. Uehara et al., 1990), has been shown previously with i.p. LPS (Langhans et al., 1990; 

Takakura et al., 1997; Liang et al., 2005; Chen et al., 2010). However, the dominant effect of 

recurrent FSL-1 administration on rate of mass gain remained as a recurrent transient 

reduction in that rate (Fig. 5.5B). 

 

Having demonstrated that repeated administration of FSL-1, at 10-day intervals, induced 

recurrent acute fever and sickness behaviour, I then could address my primary questions, 

namely whether the accumulated effects of these transient insults left any residual 

impairment in spatial learning and memory; and whether any observed impairments may be 

associated with apoptosis in the hippocampus, the principle brain region involved in spatial 

learning and memory. Rats started their training in the maze 10 days after the last injection 
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of PBS or FSL-1, a time at which the acute effects of the last injection of FSL-1 had 

resolved. If I had detected impaired learning and memory, such impairments could not have 

arisen because the agents that induce fever and sickness behaviour (i.e. pro-inflammatory 

cytokines) still were active. In fact, in the Cued test (Fig. 5.6A-C) motivation and 

sensorimotor functions of rats were not affected adversely after they had received FSL-1 

repetitively, given that the latency and distance travelled to the visible platform, as well as 

the swim speed of rats were not altered significantly, compared to those that followed PBS 

administration. Similarly, during task acquisition over four days with a submerged platform 

(Fig. 5.6E-G), the progressive reduction in the latency and distance to finding the submerged 

platform was the same for both groups of rats, confirming that earlier recurrent acute 

administration of FSL-1 had no residual effects on learning. Finally, when the platform was 

removed during the Probe trial (Fig. 5.6D, H) the rats showed the same, significant, spatial 

bias for the former location of the platform in the target zone relative to the other zones, 

regardless of whether they had received prior FSL-1 or PBS administration. Thus, recurrent 

FSL-1 administration also had no residual effects on spatial memory. Furthermore, histology 

of sections of the granular layer of the hippocampal dentate gyri (Fig. 5.7A, B) showed no 

significant evidence of apoptosis in the rats that had received recurrent FSL-1 injections (Fig. 

5.7B). Since an intact hippocampus is essential for successful spatial learning and memory 

(Aguirre et al., 1996; D’Hooge and De Deyn, 2001), these findings are congruent with data 

obtained in the Morris Water Maze. Taken together, the evidence presented here 

demonstrates that recurrent bouts of immune stimulation by FSL-1, at the dosage I used and 

allowing for adequate recovery between challenges did not leave residual deleterious effects 

on spatial learning and memory as assessed in a Morris Water Maze. 

  

The dose of FSL-1 that I employed was effective in inducing unequivocal fever and sickness 

behaviours, though I cannot exclude the possibility that higher doses of FSL-1, when 
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administered repetitively, could have induced residual effects on spatial learning and 

memory. It also is possible that a longer series of recurrent injections of FSL-1, or a different 

route of administration, e.g. intracerebroventricular (i.c.v.), could induce a more profound 

brain inflammatory response with accompanying hippocampal cell damage and/or 

impairment in spatial learning and memory. My results are confined to effects of simulated 

Mycoplasma infection; administration of live organisms (e.g. M. hyopneumoniae, see 

Escobar et al., 2004, 2007), mimicking more closely what happens in Mycoplasma-induced 

pneumonia, may have other deleterious effects on cognition that I did not detect. Moreover, 

the Morris Water Maze, measures only hippocampal-dependent spatial learning and 

memory. It is possible that I could have detected residual impairment in working rather than 

reference memory, or in other behavioural tasks such as the T-Maze or the Y-maze (see 

Sanderson et al., 2009), the Barnes-maze (Harrison et al., 2009), the radial arm maze 

(Semmler et al., 2007; Chen et al., 2008; Sanderson et al., 2009), contextual fear 

conditioning (e.g. Pugh et al., 1998; Bilbo et al., 2008) or context pre-exposure (Bilbo et al., 

2005a, b, 2007), some of which measures components of hippocampal-independent 

learning. 

  

That I found no residual effects on spatial learning and memory was not the consequence of 

test insensitivity, as I previously have shown impaired learning ability of rats in a Morris 

Water Maze (Chapter 3) after administration of scopolamine, a substance often used to 

induce amnesia in laboratory animals (e.g. Choi et al., 2008). Other animal studies have 

shown that administration of drugs can lead to “state-dependent” effects on learning 

(Overton, 1964). For example, when one assesses learning and memory during immune 

stimulation, the context in which subsequent retrieval of memories is tested should be similar 

to the context in which learning occurred, to control for contextual differences in training (i.e. 

learning) and testing (i.e. memory) (for review see Cunningham and Sanderson, 2008). My 



Chapter 5             Sickness behaviour during recurrent acute infection 

 

135 

 

study was not compromised by issues of context, because I had ceased all other 

interventions before testing learning and memory in the Morris Water Maze.  

 

Previous studies, however, have reported residual effects on learning and memory following 

acute, or chronic, simulated infection. For example, mice that had received an i.p. injection of 

LPS (250 µg.kg-1) four hours before being tested had acquisition decrements that persisted 

up to 10 days, as assessed in a non-spatial, hippocampal-dependent,   avoidance 

conditioning task  (Sparkman et al., 2005b). When rats were injected with a single i.p. 

injection of LPS (250 µg.kg-1) on day two of acquisition training in a non-spatial, 

hippocampal-independent autoshaping task, the observed learning impairment persisted 

across 12 days of testing  (Aubert et al., 1995). Chronic neuro-inflammation, induced by 28 

days of LPS infusion into the fourth ventricle of rats, impaired spatial memory in the Morris 

Water Maze as measured in a hippocampal-dependent task (Cui et al., 2008; Min et al., 

2009) and LPS infusion over 33 days in rats induced microglial activation which correlated 

with impaired performance in a Morris Water Maze task (Hauss-Wegrzyniak et al, 1999). 

More importantly, LPS infusion for 4 weeks in rats caused residual impairment in spatial 

working memory when they were tested a week later in a hippocampal-dependent T-maze 

(Hauss-Wegrzyniak et al., 1998), and a similar residual impairment in spatial working 

memory was observed in rats, when they were tested in a Morris Water Maze 37 days after 

cessation of LPS infusion over periods of 37 or 74 days (Hauss-Wegrzyniak et al., 2000). In 

my study, the absence of residual detrimental effects on learning and memory as measured 

in the hippocampal-dependent Morris Water Maze may have resulted from the different 

pyrogen we administered (FSL-1 vs. LPS), the route of administration (i.p. vs. infusion), or 

the frequency of pyrogen administration (single injection vs. chronic infusion vs. spaced 

single injections).   
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I administered FSL-1 for the first time to rats at an age of about 36 days, and again on 46 

and 56 days. The absence of detectable or residual effects of recurrent acute FSL-1 

administration to growing rats may have been specific to the stage of development at which I 

tested for those effects. Rats reach “puberty” at 40 to 60 days of age (Kohn and Clifford, 

2002), an age also comparable, on average, to that of an 11-12 year old child (Krisman-

Scott et al., 2002; Quinn, 2005). So the stage of development in the rats’ lives at which I 

tested the effects of recurrent FSL-1 administration on spatial learning and memory was 

equivalent to that of school-aged children during early adolescence. Other studies in rats 

have shown that neonatal exposure to LPS was associated with dramatic impairment of 

memory consolidation during development and in adulthood, when rats were exposed to 

another immune challenge (Bilbo et al., 2005b; Bilbo et al., 2005a; Bilbo et al., 2006). 

Moreover, neonatal administration of a single dose of LPS to rats resulted in a loss of 

hippocampal CA1-3 parvalbumin neurons in adulthood (Jenkins et al., 2009). So, recurrent 

administration of FSL-1 to neonatal rats may well have left residual effects on learning and 

memory.   

 

There is another life stage at which recurrent FSL-1 administration might leave residual 

effects on learning and memory, namely old age. Peripheral injection, or chronic infusion of 

LPS to aged rats, increased the number of activated microglia in the hippocampus, and 

induced a heightened inflammatory cytokine response in the hippocampus which resulted in 

atrophy of hippocampal neurons (Hauss-Wegrzyniak et al., 1999; Richwine et al., 2008). 

Furthermore, systemic infection, which activates microglial cells in the brains of humans 

(Lemstra et al., 2007) and other animals (Semmler et al., 2005), is thought to worsen the 

neurological symptoms in patients suffering from neurodegenerative diseases, such as 

Alzheimer’s disease, in which microglia already are activated (Perry et al., 2003; Perry et al., 

2007). Animal models of chronic neurodegeneration have shown that subsequent systemic 
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infection resulted in further activation of microglia, which in turn evoked exaggerated 

sickness behaviours (Combrinck et al., 2002; Cunningham et al., 2005). Because the 

hippocampus is one of the brain areas to show damage in neurodegenerative diseases (see 

(Jellinger, 1998; Jellinger and Bancher, 1998), recurrent systemic infections may aggravate 

the cognitive decline in patients with Alzheimer’s disease (Holmes et al., 2003). So, recurrent 

administration of FSL-1 to aged rats may have had a different outcome. However, a recent 

mice model of neurodegenerative disorders showed that recurrent systemic infection with 

Streptococcus pneumoniae did not affect the onset or the course of Alzheimer’s disease 

(Ebert et al., 2010). 

 

Though residual impairment of hippocampal-dependent learning and memory as a 

consequence of hippocampal damage may occur in neonatal rats, following recurrent 

injections of FSL-1, they did not occur in my “adolescent” rats. My findings in “adolescent” 

rats parallel those of Mouihate and Pittman (1998), who found no evidence for apoptotic cell 

death in several brain areas, including the hippocampus, in adult rats, after repeated (5 

consecutive days) i.p. injections of LPS, at a dose that induced sustained fevers for four 

days (Mouihate and Pittman, 1998). In mice, Terrazzino and colleagues (2002) also found 

no apoptotic cells in sections of the hippocampus, among other brain areas, two weeks after 

repeated (4 consecutive days) i.p. injections of LPS (Terrazzino et al., 2002). Although the 

above two studies also have simulated repeated infections (daily injections, not spaced 

injections), they did not measure spatial learning and memory, as I did. Tanaka and 

colleagues (2006), however, did find impaired spatial memory, but did not observe neuronal 

cell death in adult rats after repeated (5 consecutive days) administration of LPS into the 

hippocampal CA1 region (Tanaka et al., 2006). 
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Apart from contributing towards the understanding of impaired learning and memory as a 

sickness behaviour, I also have contributed new information about tolerance following 

repeated FSL-1 injections, though the phenomenon relates to a design requirement of my 

study rather than an outcome. Tolerance, the tachyphylaxis evident in the acute phase 

response following repeated activation, seems to develop after administration of the 

pyrogenic moieties of most, if not all, classes of infective organisms (Zeisberger and Roth, 

1998; West and Heavy, 2002; Cartmell and Mitchell, 2005; Biswas and Lopez-Collazo, 

2009), but at a rate and with a degree of completeness that depends on the number of 

injections, the interval between them and the route of administration (for example see 

Mouihate and Pittman, 1998, Voss et al., 2006; Greis et al., 2009).  Five injections of FSL-1, 

spaced 3 days apart and at a dose of 100 µg.kg-1, did not induce tolerance when the moiety 

was injected intra-arterially, but did so when it was injected intraperitoneally (Greis et al., 

2009). I now have shown that, in growing rats repeated administration of FSL-1 at a dose of 

500 µg.kg-1, spaced 10 d apart, generated recurrent fevers of similar magnitude and duration 

after each of three injections. Thus, even at the higher dose, there was no pyrogenic 

tolerance to repeated i.p. FSL-1 when injections were given at 10 day intervals. Also, the 

magnitude of the anorexia and lethargy that followed i.p. FSL-1 administration was the same 

after the three repeated injections, though these sickness behaviours lasted longer after the 

first injection than they did after subsequent injections. Presumably as a result primarily of 

the anorexia, but perhaps also because of the increased metabolic demand of the fever, the 

growth rates (Fig. 5.5B) of the rats were reduced by a similar magnitude over the first 24 h 

after each of the three injections of FSL-1. However, I did not observe sustained stunting, 

implying that the stunting which lasted for four days following a single injection of FSL-1 at a 

similar dose (see Fig. 3.5B, Chapter 3) was reversed by ten days, presumably by the slight 

but persistent daily increases in rate of mass gain relative to that following PBS 

administration (see Fig. 5.5B). Acute intratracheal inoculation with Mycoplasma 
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hyopneumoniae (strain P5722–3, 3 ml of 1 x 1010 units.L-1) also had no effect on growth in 

growing pigs (Escobar et al., 2004). However, growth failure did occur in guinea pigs given 

spaced repeated injections of muramyl dipeptide, a pyrogenic moiety of Gram-positive 

organisms (Madu et al., 2007).  

 

Though residual effects on learning and memory of solitary acute bacterial infections and 

chronic infections have been studied previously (Aubert et al., 1995; Hauss-Wegrzyniak et 

al., 1998, 2000; Sparkman et al., 2005b), I believe mine is the first study to measure residual 

learning and memory after simulated recurrent, acute infections. Also, previous studies have 

not addressed the issue of whether only learning and memory are affected, or whether any 

impaired learning and memory represents one component of a suite of residual sickness 

behaviours. Because I was interested particularly in the residual deficits in learning and 

memory that might persist, once the rats were apparently well after the effects of the last in 

their series of simulated infections had resolved, I assessed learning and memory at a time 

when no residual fever, anorexia or lethargy was present. Moreover, I used FSL-1 and 

‘adolescent’ rats in the current study because I wanted to assess the consequences of 

recurrent acute stimulation of innate immunity, such as would occur in growing children of 

school-going age subject to repetitive bouts of e.g., community-acquired pneumonia, 

commonly caused by Mycoplasma. I believe that my model of recurrent acute Mycoplasma 

infection has significant potential to be implemented in many other models of acute infection 

that occur recurrently. For example, recurrent acute fevers commonly occur in meningitis, 

malaria and influenza that are caused by other classes of organisms, including Gram-

positive bacteria, protozoa and viruses.  

 

In conclusion, though I cannot extrapolate directly the outcome of my study, which employed 

a pyrogenic moiety of Mycoplasma in rats, to the real infection caused by live organisms in 
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humans, the clinical implications of my study are encouraging. First, I did not find any 

residual histological damage to the hippocampus nor did I observe lasting detrimental effects 

on spatial learning and memory. Secondly, I did not observe permanent stunting in my rats. 

If I had observed these phenomena in the simulated infections there would have been a high 

likelihood of them occurring, and being aggravated, in the real infections. Ultimately, studies 

in children need to be undertaken in order to determine whether or not apparently-well 

children who have recovered from recurrent acute Mycoplasma infections have residual 

deficits in learning and memory.  
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Although Mycoplasma primarily causes respiratory disease, Mycoplasma pneumoniae has 

been implicated in life-threatening meningitis as well as memory deficits. Experimentally, 

very little still is known about Mycoplasma-induced sickness behaviour and no one 

previously has investigated its effect on learning and memory. I have investigated various 

sickness responses during acute and recurrent acute simulated Mycoplasma infection. I also 

was interested, particularly, in the consequences of recurrent acute infections, which seldom 

are being simulated in the laboratory. Mycoplasma is a common cause of recurrent 

infections. To avoid safety concerns and ethical issues arising from administration of 

pathogenic live organisms, such as Mycoplasma pneumoniae, to experimental animals (see 

e.g. Pietsch et al., 1994; Wubbel et al., 1998; Chu et al., 2003) I used a pyrogenic moiety 

from M. salivarium, namely fibroblast-stimulating lipopeptide-1 (FSL-1). Acute administration 

of FSL-1 in rats induces fever and sickness behaviours (Hübschle et al., 2006). I 

administered FSL-1 both acutely and recurrently to a different strain of rat (Sprague-Dawley 

vs. Wistar) and at a different dose (500 vs.100 µg.kg-1) previously used (Hübschle et al., 

2006). Contrary to the dose of 100 µg.kg-1, which Hübschle and colleagues (2006) used in 

Wistar rats, my pilot studies showed that, in my hand, administration of FSL-1 at doses of 

500 µg.kg-1 and higher, but not 100 µg.kg-1, induced pronounced fever and sickness 

behaviours (lethargy and anorexia) in Sprague-Dawley rats. 

 

Having established successfully an animal model of simulated acute as well as simulated 

recurrent Mycoplasma infection, I investigated fever, lethargy, growth and anorexia as well 

as learning and memory processes. After acute, parenteral administration of my higher dose 

of FSL-1 (i.e. 1 000 µg.kg-1) the sickness behaviours lasted for longer than that described by 

Hübschle and colleagues (2006): I observed four days of lethargy, three days of anorexia 

and at least four days of body mass stunting (Chapter 3), a phenomenon not reported by 

Hübschle and colleagues (2006). In fact, no one previously has observed stunting in 
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simulated acute Mycoplasma infection. I further investigated potential roles for pro-

inflammatory cytokines, interleukin-1 (IL-1β) and interleukin-6 (IL-6) in mediating 

Mycoplasma-induced sickness responses by measuring the concentrations of these two 

cytokines in the hypothalamus, required for eating behaviour and body temperature 

regulation. In rats, sickness responses induced by FSL-1, including fever, lethargy and 

anorexia appear to be mediated by peripherally-released pro-inflammatory cytokines, 

including IL-6 and tumor necrosis factor-α (TNF-α) (Hübschle et al., 2006). I have shown, for 

the first time, increased concentrations in the plasma and brain of another pro-inflammatory 

cytokine, namely IL-1β (Chapter 4), accompanying FSL-1-induced fever, lethargy and 

anorexia as well as stunting in rats (Chapter 3). 

 

I measured fever, lethargy and anorexia over a course of days whilst learning and memory 

were being assessed. As a test procedure, I chose to use a Morris Water Maze that tests a 

high component of cognitive function and where the responses are not simply reflexes. In 

Table 1 (Chapter 1) I summarized studies that have measured spatial learning and memory 

in a Morris Water Maze, after a single i.p. administration of a given moiety / pathogen-

associated molecular pattern (PAMP), either from typical bacteria (Gram-positive or Gram-

negative) or viruses. Using FSL-1, which simulates Mycoplasma infection, my studies extend 

what already is known about the effects of acute immune activation on learning and memory 

processes: I have shown, in rats, that a single i.p. administration of FSL-1, at doses of 500 or 

1 000 µg.kg-1, did not induce impairment in spatial learning and memory, as measured in a 

Water Maze as I have implemented it. Because the learning environment during Morris 

Water Maze testing can be manipulated in various ways, studies have found contradicting 

results with other PAMPs on memory processes. For example, following acute 

administration of a given PAMP, studies have reported impairment in spatial learning and/or 

memory (i.e. working memory) when the platform within the pool was relocated to a new 
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position throughout testing (Gibertini, 1996; Richwine et al., 2009; Zhang et al., 2009; Ito et 

al., 2010). However, when the platform remained in a fixed location in the Maze no 

impairment in spatial learning or memory (i.e. reference memory) was observed, after acute 

administration of the same PAMP (Gibertini, 1996; Ito et al., 2010). I also showed that 

reference memory was unaffected after acute administration of FSL-1 (Chapter 3), although 

I did not measure working memory. Moreover, water temperatures between 18-25 ºC have 

been used to induce stress conditions as means of interfering with acquisition rates and 

consolidation processes during memory formation (Gibertini, 1998; Akirav et al., 2001). For 

example, in a warm-water Maze (23 ºC) IL-1 appears to interfere with learning (Gibertini, 

1998), which is contrary to what I have found in my Water Maze in which the water 

temperature was kept constant between 25-26 ºC (based on the “standard” protocol of 

Morris, 1981) (Chapter 3 and 5). In addition to the manipulation of water temperature, the 

level of “emotionality” of animals that are tested in the Maze also can be manipulated or 

altered by using ‘massed’ or ‘spaced’ training protocols (Gibertini, 1998). Massed training 

typically consists of between 3-12 trials on one day, whereas spaced training consists of a 

limited number of trials (e.g. 4 trials) over a number of days (e.g. 3 days). Spaced training 

trials are considered to be more effective for the production of robust learning and memory 

than are massed training trials (Scharf et al., 2002). I therefore used spaced training trials of 

four trials per day over four days, during the acquisition phase in my Morris Water Maze, to 

ensure optimal learning and memory (Chapter 3 and 5).  

  

Unlike most previous authors I have assessed learning and memory in the full context of the 

acute phase response, in my case induced by Mycoplasma infection. I found that spatial 

learning and memory were spared at a time when the rats still were febrile, lethargic, 

anorexic and stunted (Chapter 3). I believe that the lack of impairment in learning and 

memory, and the dissociation from other brain-controlled sickness behaviours, is an 
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important finding, and therefore I measured concentrations of IL-1β and IL-6 in the 

hippocampus, required for spatial learning and memory. At the time of active learning in the 

Maze the rats had significantly elevated concentrations of IL-1β in both the hypothalamus 

and the hippocampus (see Chapter 4). Although increased concentrations of IL-1β in the 

hippocampus of rats have been associated with impairment in learning and memory (for 

review see Goshen and Yirmiya, 2007; Barrientos et al., 2009), in my study increased 

concentrations of IL-1β in the hippocampus were not associated with any impairments. 

Following i.p. administration of FSL-1 in rats, the concentration of IL-1β was slightly higher in 

the hypothalamus than in the hippocampus, albeit insignificantly (see Chapter 4). Thus, 

following FSL-1 administration to rats, the same concentration of IL-1β in the hypothalamus 

that seems to mediate fever and lethargy was not sufficient to induce impairment in 

hippocampal-dependent learning and memory (Chapter 3). Further investigations are 

required using other models of assessing learning and memory, such as the Y-maze and the 

T-maze, to confirm that learning and memory is spared in the face of other sickness 

behaviours following systemic administration of FLS-1. Studies also need to investigate 

whether or not FSL-1 can cross the blood-brain-barrier (BBB), after systemic administration. 

If FSL-1 crosses the BBB, studies need to characterise the brain areas in which receptors for 

FSL-1 (i.e. toll-like receptor 2/6; TLR2/6) are present. It is possible that some brain areas, 

including the hypothalamus, may be more ‘sensitive’ to the effects of FSL-1, than are other 

areas like the hippocampus. Ultimately, FSL-1 needs to be injected into the brain, for 

example using intracerebroventricularly (i.c.v.) injections, to confirm its effect on learning and 

memory processes.  

 

Following FSL-1 administration to rats, I measured cage activity as an index of lethargy and 

also to assess whether any diminished performance in the Water Maze could be attributed to 

lethargy rather than a decline in cognitive function. In my opinion, whether or not impairment 
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in learning or memory is observed in a Morris Water Maze following simulated, systemic 

infection depends on the pyrogen and the dose administered, the route of administration, 

and importantly, the time of testing in the Maze. If infected animals are tested in the Maze 

before resolution of the acute phase response, it may not be surprising that sickness 

responses, including lethargy, may affect locomotion or swimming speed and not necessarily 

learning or memory itself (see Cunningham and Sanderson, 2008). Although other measures 

of activity exists, I used biotelemetry to monitor physical activity of rats before, during and 

after they were exposed to training and testing in the Maze. Moreover, the use of 

biotelemetry also allowed me to monitor continuously body temperature of rats while they 

were swimming: not only hyperthermia (Ahlers and Riccio, 1987), but also hypothermia may 

cause anterograde memory loss (Richardson et al., 1983). Although hyper- or hypothermia 

and lethargy did not confound results in my study, I propose that biotelemetry be 

implemented together with the Morris Water Maze in future experiments, to exclude 

confounding factors, such as changes in body temperature and lethargy. 

 

Interestingly, I have shown that acute administration of my higher dose of FSL-1 (i.e.1 000 

µg.kg-1) abolished almost all spontaneous cage activity (also referred to as ‘house-keeping 

activity’) of rats, yet they swam competently in a Morris Water Maze (Chapter 3). I therefore 

hypothesize that the rats may have invoked both their motivation and capacity for activity 

that was unaffected by concurrent lethargy. However, a distinction between motivation and 

capacity in sickness behaviour has been discussed previously (e.g., see Maier and Watkins, 

1998; Larson and Dunn, 2001). Recently, the distinction between motivation and capacity for 

activity was reported in rats that showed impaired motivation for physical exercise 

(measured as voluntary wheel running), but less impairment in their capacity to be active, 

e.g. during normal house-keeping activity (measured as cage activity) (Hopwood et al., 

2009; Skinner et al., 2009). Because voluntary physical exercise (e.g. voluntary wheel 
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running) is optional, it is more likely to be impaired during sickness (Hopwood et al., 2009; 

Skinner et al., 2009). However, activity in a Water Maze is not optional and survival of the 

rats depends on escaping from the water. My observation that the rats swam competently, 

despite being lethargic, contributes to what already is known about activity during sickness: 

in a life-and-death juncture, such as occurs when rats are forced to swim (e.g. in a Water 

Maze) in order to survive, the sickness behaviour of lethargy may be suppressed, because if 

it was implemented it would have threatened survival. I therefore support previous evidence 

that the sickness behaviour of lethargy may be activity specific (Hopwood et al., 2009; 

Skinner et al., 2009). Moreover, motivation for survival may override many aspects of 

sickness behaviour and I believe that this phenomenon may have important implications for 

the behaviour of ill individuals who may find themselves in situations where survival is their 

only option. 

 

Many attempts to simulate chronic, sustained fevers experimentally have failed. However, I 

have shown that it is possible to simulate recurrent acute fevers, in my case during 

simulated recurrent Mycoplasma infection. In spite of their prevalence and importance, 

recurrent acute infections seldom are investigated in the laboratory. Following repetitive 

administration to rats of 500 µg.kg-1 FSL-1, 10 days apart, I observed recurrent fevers, 

recurrent lethargy and recurrent anorexia, but no body mass stunting (Chapter 5). I showed 

that FSL-1, which simulates Mycoplasma infection, is a reliable pyrogen that produces 

consistent, pronounced, recurrent acute phase responses experimentally in rats, without the 

development of tolerance to fever, lethargy or anorexia (Chapter 5), when it is administered 

at 10-day intervals. However, I did not observe residual impairment in learning and memory 

in rats, a finding consistent with recent evidence in mice that had received acute or repeated 

administration of Staphylococcal enterotoxin A (SEA) (Woodruff et al., 2010). My study is the 

first, I believe, to have assessed residual deficits in learning and memory in otherwise 
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healthy rats following recurrent acute stimulation of the innate immune system, i.e. spaced 

injections of a pyrogen with recovery between infections (Chapter 5). However, residual 

impairment has been detected in rats after repeated (i.e. daily injections with no recovery 

between infections) or chronic administration (i.e. continuous infusion) of lipopolysaccharide 

(LPS) (Aubert et al., 1995; Hauss-Wegrzyniak et al., 1998, 1999; Sparkman et al., 2005), 

which is different to my model of recurrent acute administration (i.e. spaced injections with 

recovery between infections). 

 

In addition to measuring residual learning and memory following simulated recurrent 

infection I investigated whether any observed impairments could be associated with 

apoptosis and necrosis in the hippocampus, the principal brain region involved in spatial 

learning and memory. For the histopathology, I used the technique of cresyl violet staining to 

identify apoptosis in the dentate gyrus of the hippocampus (see Pfister et al., 2000). 

However, it is advisable to use other staining methods, including Caspase assays, Annexin 

V assays, cell permeability assays or DNA fragmentation in conjunction with cresyl violet 

staining in future experiments. Although I did not observe any residual histological pathology 

in the hippocampus following simulated recurrent Mycoplasma infection (Chapter 5), it 

remains to be confirmed whether Mycoplasma infection may affect other aspects of 

hippocampal-dependent learning and memory, including non-spatial learning and memory. 

Recurrent, central Mycoplasma infections, rather than peripheral Mycoplasma infections, 

also may affect learning and memory processes. Moreover, it is possible that, in 

Mycoplasma infection, the genetic background of the host is an important determinant of 

whether or not the infected individual will have impairment in learning and memory (see Chu 

et al., 2006). Impairment also may depend on age, the type and severity of infection as well 

as the duration of the infection. A case study in a 7-year old girl has reported pervasive 

changes in memory following M. pneumoniae encephalitis (Benjamin et al., 2007), but 



Chapter 6    Conclusion 

 

149 

 

cognitive impairment does not seem to be significant in adults or aged individuals who suffer 

from M. pneumoniae encephalitis (Hokkanen et al., 1996a,b). Therefore, if other behavioural 

paradigms that assess other types of hippocampal-independent non-declarative learning 

and/or memory are employed in addition to a Morris Water Maze, we ultimately may be able 

to identify the mechanisms involved in Mycoplasma-induced cognitive impairment and 

whether the impairment is specific to a certain age group or not. Recurrent Mycoplasma 

infection, which affects all age groups, could have long-term detrimental cognitive 

consequences. Therefore, there could be value in repeating my experimental procedures to 

simulate Mycoplasma infection in very young and very old rats. I believe that my model of 

recurrent acute infection has significant potential to be implemented in other experimental 

models of infection, including influenza, malaria and meningitis, which often occur acute 

recurrently. The potential consequences of different types of infections on various aspects of 

learning and memory that might persist once the infected host had recovered from recurrent 

infections require more investigation. 

  

Before any hypotheses are constructed about the consequences of recurrent infection in 

children, based on the outcome of my studies, the factors influencing acute phase responses 

in children, rather than rats, will have to be considered. For example, in humans helminthic 

infections might affect immune reactions to concomitant infections (e.g. tuberculosis) that 

occur with high frequencies in helminth-endemic areas. In the host, helminthic infections 

induce immune hypo-responsiveness to subsequent infections, which is characterized by 

elevated T-helper cell type 2 (Th2) cytokines and IgE production (Bentwich et al., 1999; 

Bundy et al., 2000). Studies also have shown that intestinal helminth infections could impair 

cognitive ability (see Watkins and Pollitt, 1997; Dickson et al., 2000a; Dickson et al., 2000b).  
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Although no direct extrapolation of the outcome of my acute, recurrent study in rats can be 

made to humans, the clinical implications of my study are hopeful in that I did not observe 

permanent stunting in rats. Equally importantly, I did not find any residual histological 

damage to the hippocampus of rats nor did I find lasting detrimental effects on spatial 

learning and memory. Nonetheless, Mycoplasma infection still is a major problem especially 

in developing countries and affects many children. Therefore, studies in children are needed 

to determine whether or not apparently-well children who have recovered from recurrent 

acute Mycoplasma infections have residual deficits in learning and memory. 

 

Not only are Mycoplasma infections prevalent in developing countries, but emerging 

evidence also has implicated Mycoplasma pneumoniae in facilitating allergic airway 

diseases, such as asthma (Sutherland and Martin, 2007; Schroder et al., 2008), with 

increasing incidence in developed countries (European Community Respiratory Health 

Survey, 1996). The increased incidence of respiratory tract infections in developed countries 

presumably is because of lifestyle changes and improved general hygiene in those 

industrialized countries (ISAAC Steering Committee, 1998), a phenomenon often referred to 

as the ‘hygiene hypothesis’ (Strachan, 1989). According to the hygiene hypothesis, reduced 

exposure to micro-organisms may be associated with increased prevalence of allergic 

conditions (Strachan, 1989; Strachan et al., 1994, 1996, 1997). Thus, early childhood 

exposure to pathogens, typically within households, may protect against allergic sensitization 

(see Gangal and Chowgule, 2009). A more recent hypothesis, which parallels the hygiene 

hypothesis, is the ‘parasite-stress hypothesis’, which proposes a positive relationship 

between exposure to infectious disease, albeit at low levels, and high intelligence (see Eppig 

et al., 2010). My observation with regard to sparing of learning and memory during acute and 

recurrent acute simulated Mycoplasma infection not only is encouraging, it also may be in 
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line with the ‘parasite-stress hypothesis’, although we should not equate “normal” learning 

and memory to high intelligence. 

 

FUTURE PERSPECTIVES AND RECOMMENDATIONS 

 

Because of its robustness, I implemented the Morris Water Maze for measuring learning and 

memory in my studies. The Maze also has been adapted for studies in humans. The use of 

advanced 3D-computer technology as well as the implementation of virtual water tasks (i.e. 

the “Virtual Morris Water Maze”) allows researchers to test spatial navigation and memory 

ability in humans under laboratory conditions (Astur et al., 1998, 2001, 2004; Hamilton et al., 

2002). The virtual mazes have proven highly sensitive when used in the assessment of 

cognition in children (Overman et al., 1996; Leplow et al., 2003), novel treatments for age-

related cognitive decline (for review see Lindner, 1997; Driscoll et al., 2003), gender 

differences in cognitive ability and spatial navigation in both adults (Moffat et al., 1998; Astur 

et al., 1998; 2004; Mueller et al., 2008; Woolley et al., 2010) and in children (Newhouse et 

al., 2007), cognitive processes in children with Fetal Alcohol Syndrome (Hamilton et al., 

2003), cognitive ageing (Newman and Kaszniak, 2000), hippocampal damage or dysfunction 

(Astur et al., 2002) as well as the involvement of the hippocampus in spatial navigation 

(Aquirre et al., 1996; Astur et al., 2004; Goodrich-Hunsaker et al., 2010). In the clinical 

setting, the virtual mazes seem to have advantages over the traditional spatial memory 

paradigms in terms of their flexibility, generalizability and experimental control (see Astur et 

al., 2004), although some still prefer the traditional methods (Grigoleit et al., 2010). Although 

the virtual mazes have not been used in humans to study learning and memory processes 

as part of infection-induced sickness responses, their use should be considered.  

 



Chapter 6    Conclusion 

 

152 

 

Studies investigating infection-induced learning and memory impairment are crucial, 

because exposure to pathogens is inevitable. Children, in particular, are at risk of recurrent 

infections and of developing chronic infectious diseases, which may have detrimental 

outcomes for cognition. Mycoplasma-induced community-acquired pneumonia is prevalent in 

children in both developing countries as well as in industrialized, developed countries. 

Although M. pneumoniae classically has been considered an extracellular (or membrane-

associated) organism, accumulating evidence suggests that this pathogen and other strains 

of the Mycoplasmas may colonize, exist and replicate as intracellular pathogens within 

human cells (Dallo and Baseman, 2000; Meseguer et al., 2003). Thus, the ability of the 

Mycoplasmas to act as intracellular pathogens may contribute to their pathogenicity. 

Because cytokines appear to mediate the acute phase response to many infections, 

including Mycoplasma infection, studies of cytokine antagonism for therapeutic intervention 

will be critical. Agents that block the actions of cytokines already are available clinically and 

may be used in studies of cytokine-mediated fever and sickness behaviours during real, or 

simulated, Mycoplasma infection. Furthermore, using endogenous antagonism of the 

biological action of cytokines, the actual role of various pro-inflammatory cytokines in 

mediating Mycoplasma-induced fever and sickness behaviours can be confirmed. In 

simulated acute Mycoplasma infection in rats I have shown that increases in concentrations 

of the pro-inflammatory cytokine, IL-1β, in both the plasma and brain accompany fever, 

lethargy, anorexia and body mass stunting without affecting learning and memory (Chapter 

3 and 4).  

 

My finding that learning and memory (as measured with a Morris Water Maze) were spared 

in the presence of an increased concentration of IL-1β is at odds with the findings of others. 

Infection-induced over-expression of pro-inflammatory cytokines, including IL-1β in the brain, 

has been associated strongly with learning and memory impairment (Oitzl et al., 1993; 
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Rachal Pugh et al., 1999; Song et al., 2004; Song and Horrobin, 2004). Consequently, 

studies are needed to clarify whether altered concentrations in the CNS of individual 

cytokines result from a pathological condition, or whether altered expression of cytokines 

results as a consequence of a disorder. In simulated Mycoplasma infection, induced by FSL-

1, investigations also are needed to determine what high plasma concentrations of IL-6 

achieve if there are no changes in brain concentrations of this cytokine (Chapter 4).  

 

Cytokine antagonism also could be used to investigate the roles of pro-inflammatory 

cytokines, including IL-1β, IL-6 and TNF-α, in learning and memory processes. In contrast to 

fever, lethargy and anorexia that are well established sickness responses to many infections, 

learning and memory impairment is not an inevitable consequence of infection, as I and 

others have shown (Thomson and Sutherland, 2006; Huang et al., 2010; Woodruff et al., 

2010; Chapter 3). The question remains why the same pyrogenic moiety (e.g., IL-1β or LPS) 

in the same species sometimes impairs learning and memory in the same task (i.e., Morris 

Water Maze) and sometimes not (refer to Table 1, Chapter 1). Whether the latter 

phenomenon also is true for other pyrogenic moieties needs to be explored, because during 

infection brain regions required for fever may be affected differentially from those brain 

regions required, specifically, for learning and memory. 

   

In situations where learning and memory are critical for survival of the host, sickness 

behaviours may be suppressed. In Chapter 3 I have shown that learning and memory, 

competencies which were crucial for survival of rats in a Morris Water Maze behavioural test, 

were unaffected in spite of the sickness behaviour of lethargy the rats had experienced. 

Further studies are needed to investigate the effect of other sickness behaviours, including 

anorexia, on learning and memory during life-and-death situations. Whether anorexia will be 

suppressed, in order to enhance survival, has clinical relevance particularly for children in 
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resource-poor, developing countries who suffer simultaneously from infection and 

malnutrition. Although nutrition is crucial for mental development (Lynn, 1990, 1993), the 

nutritional status of children also may affect intelligence in the absence of infection (Barber 

et al., 2005). Therefore, experiments in food-deprived animals are needed to determine 

whether cognitive function, including learning and memory will be spared if it could increase 

chances for survival. Similarly, it needs to be investigated whether learning and memory take 

priority over fever or the sickness behaviour of, for example hyperalgesia, when survival 

behaviour is employed during illness. These questions can be addressed by injecting 

species-specific neutralizing antibodies against those cytokines mediating the particular 

infection. For measuring learning and memory, the Morris Water Maze may be used in 

conjunction with other models of learning and memory, which do not necessarily depend on 

physical activity, such as swimming. Sickness behaviours, including lethargy may confound 

results in those models that rely on physical activity, such as the Morris Water Maze. 

 

Because learning/memory impairment appears to be a common, albeit not ubiquitous, 

consequence of immune activation, the question remains whether there is an adaptive 

purpose to illness-induced cognitive impairment? In my view, the type of infection (e.g., 

bacterial vs. viral vs. fungal), the site of infection (e.g., local vs. systemic vs. central) as well 

as the severity and duration of the inflammation may be important predictors for illness-

induced cognitive impairment. It is possible that a longer-lasting, severe, CNS infection may 

increase the chances of cognitive impairment, as opposed to a mild, one-day, local infection. 

The frequency of the infection (i.e., once-off, repeatedly or recurrently) also may be a critical 

predictor of whether cognitive impairment is likely to occur or not. Chronic or recurrent 

activation of the immune response may render the brain more susceptible for neurologic 

sequelae, including cognitive deficits. Other factors, such as old age or health status, i.e., 

patients with HIV, tuberculosis, brain injury or neurodegenerative diseases (e.g. Alzheimer’s 
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disease) also may predispose patients to cognitive decline during infection. All these factors 

may clarify, or even contribute, to the existence of illness-induced cognitive impairment, but 

the adaptive purpose thereof still is incomprehensible.   

 

Moreover, activation of the host’s immune system may result in latent vulnerability to 

subsequent activation and recurrent inflammatory challenges may uncover, or even 

exacerbate existing clinical symptoms. Mycoplasma infection is not the only type of infection 

that occurs recurrently. The bacterium Streptococcus pneumoniae is a common cause, if not 

the main cause, for recurrent pneumonia throughout infancy and childhood (e.g., see Stein 

and Cauduro Marostica, 2007). Other recurrent infections, including meningitis, malaria and 

influenza could have long-term detrimental consequences, such as growth retardation or 

cognitive retardation after resolution of the recurrent infection. If residual detrimental effects 

of infection persist, they need to be investigated experimentally. Management requires an 

understanding of the physiological processes which link the infecting pathogen to the 

sickness behaviour, particularly so that targets for intervention can be identified. When 

simulating infections, experimentally, the use of pyrogenic moieties from organisms should 

be considered instead of using live pathogenic organisms. While I have used FSL-1 derived 

from M. salivarium (which appears to have a lower pyrogenicity compared to M. 

pneumoniae), moieties from other species in the genus, such as MALP-2 from M. 

fermentans (Mühlradt et al., 1997) or FAM20 from M. pneumoniae (Shimizu et al., 2008) also 

should be considered to simulate recurrent infections caused by the Mycoplasmas. So too 

should moieties form other causative pathogens, particularly pneumolysin from S. 

pneumoniae (e.g., see Hirst et al., 2004), be used for future research into simulating 

infections that occur recurrently.  
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Finally, in contrast to simulating chronic infections in the laboratory, there appears to be no 

barrier for simulating recurrent infections experimentally. These studies ultimately will help 

us elucidate whether recurrent acute infections indeed have lasting detrimental outcomes. 

Growth retardation, loss of motivation for life-sustaining activities and cognitive retardation 

may have a devastating impact on the infected individual’s welfare. 

 

 



Chapter 7            References 

 

157 

 

 

 

CHAPTER 7 

 

 

REFERENCES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 7            References 

 

158 

 

Abe, T., Shimamura, M., Jackman, K., Kurinami, H., Anrather, J., Zhou, P., Iadecola, C., 

2010. Key role of CD36 in Toll-like receptor 2 signaling in cerebral ischemia. Stroke 41, 898-

904. 

 

Abraham, W. C. and Williams, J. M., 2003. Properties and mechanisms of LTP maintenance. 

Neuroscientist 9, 463-474. 

 

Adelman, J. S. and Martin, L. B., 2009. Vertebrate sickness behaviors: Adaptive and 

integrated neuroendocrine immune responses. Integr Comp Biol 49, 202-214. 

 

Aderem, A. and Ulevitch, R. J., 2000. Toll-like receptors in the induction of the innate 

immune response. Nature 406, 782-787. 

 

Aguirre, G. K., Detre, J. A., Alsop, D. C., D'Esposito, M., 1996. The parahippocampus 

subserves topographical learning in man. Cereb Cortex 6, 823-829. 

 

Ahlers, S. T. and Riccio, D. C., 1987. Anterograde amnesia induced by hyperthermia in rats. 

Behav Neurosci 101, 333-340. 

 

Akira, S., Takeda, K., Kaisho, T., 2001. Toll-like receptors: critical proteins linking innate and 

acquired immunity. Nat Immunol 2, 675-680. 

 

Akira, S., Uematsu, S., Takeuchi, O., 2006. Pathogen recognition and innate immunity. Cell 

124, 783-801. 

 

Akirav, I., Sandi, C., Richter-Levin, G., 2001. Differential activation of hippocampus and 

amygdala following spatial learning under stress. Eur J Neurosci 14, 719-725. 

 

Antonova, E., Parslow, D., Brammer, M., Simmons, A., Williams, S., Dawson, G. R., Morris, 

R. G., 2011. Scopolamine disrupts hippocampal activity during allocentric spatial memory in 

humans: an fMRI study using a virtual reality analogue of the Morris Water Maze. J 

Psychopharmacol 25, 1256-1265. 

 

Arai, K., Matsuki, N., Ikegaya, Y., Nishiyama, N., 2001. Deterioration of spatial learning 

performances in lipopolysaccharide-treated mice. Jpn J Pharmacol 87, 195-201. 



Chapter 7            References 

 

159 

 

Asarian, L. and Langhans, W., 2010. A new look on brain mechanisms of acute illness 

anorexia. Physiol Behav 100, 464-471. 

 

Astur, R. S., Ortiz, M. L., Sutherland, R. J., 1998. A characterization of performance by men 

and women in a virtual Morris water task: a large and reliable sex difference. Behav Brain 

Res 93, 185-190. 

 

Astur, R. S., Taylor, L. B., Mamelak, A. N., Philpott, L., Sutherland, R. J., 2002. Humans with 

hippocampus damage display severe spatial memory impairments in a virtual Morris water 

task. Behav Brain Res 132, 77-84. 

 

Astur, R. S., Tropp, J., Sava, S., Constable, R. T., Markus, E. J., 2004. Sex differences and 

correlations in a virtual Morris water task, a virtual radial arm maze, and mental rotation. 

Behav Brain Res 151, 103-115. 

 

Astur, R. S., Klein, R. L., Mumby, D. G., Protz, D. K., Sutherland, R. J., Martin, G. M., 2001. 

A role for olfaction in object recognition by normal and hippocampal-damaged rats. 

Neurobiol Learn Mem 78, 186-191. 

 

Aubert, A., Vega, C., Dantzer, R., Goodall, G., 1995. Pyrogens specifically disrupt the 

acquisition of a task involving cognitive processing in the rat. Brain Behav Immun 9, 129-

148. 

 

Aubert, A., Goodall, G., Dantzer, R., Gheusi, G., 1997a. Differential effects of 

lipoplysaccharide on pup retrieving and nest building in lactating mice. Brain Behav Immun 

11, 107-118. 

 

Aubert, A., Kelley, K. W., Dantzer, R., 1997b. Differential effects of lipoplysaccaride on food 

hoarding behavior and food consumption in rats. Brain Behav Immun 11, 229-238. 

 

Balschun, D., Wetzel, W., del Rey, A,. Pitossi, F., Schneider, H., Zuschratter, W., 

Besedovsky, H. O., 2004. Interleukin-6: a cytokine to forget. FASEB J 18, 1788-1790. 

 

Baile, C. A., Naylor, J., McLaughlin, C. L., Catanzaro, C. A., 1981. Endotoxin-elicited fever 

and anorexia and elfazepam-stimulated feeding in sheep. Physiol Behav 27, 271-277. 



Chapter 7            References 

 

160 

 

Banks, W. A., Kastin, A. J., Broadwell, R. D., 1995. Passage of cytokines across the blood-

brain barrier. Neuroimmunomodulation 2, 241-248. 

 

Barichello, T., Silva, G. Z., Batista, A. L., Savi, G. D., Feier, G., Comim, C. M., Quevedo, J., 

Dal-Pizzol, F., 2009. Early antibiotic administration prevents cognitive impairment induced by 

meningitis in rats. Neurosci Lett 465, 71-73. 

 

Barnes, C. A., 1988. Spatial learning and memory processes: the search for their 

neurobiological mechanisms in the rat. Trends Neurosci 11, 163-169. 

 

Barrientos, R. M., Higgins, E. A., Sprunger, D. B., Watkins, L. R., Rudy, J. W., Maier, S. F., 

2002. Memory for context is impaired by a post context exposure injection of interleukin-1 

beta into dorsal hippcampus. Behav Brain Res 134, 291-298. 

 

Barrientos, R. M., Higgins, E. A., Biedenkapp, J. C., Sprunger, D. B., Wright-Hardesty, K. J., 

Watkins, L. R., Rudy, J. W., Maier, S. F., 2006. Peripheral infection and aging interact to 

impair hippocampal memory consolidation. Neurobiol Aging 27, 723-732. 

 

Barrientos, R. M., Frank, M. G., Hein, A. M., Higgins, E. A., Watkins, L. R., Rudy, J. W., 

Maier, S. F., 2009. Time course of hippocampal IL-1 beta and memory consolidation 

impairments in aging rats following peripheral infection. Brain Behav Immun 23, 46-54. 

 

Baumann, H. and Gauldie, J., 1994. The acute phase response. Immunol Today 15, 74-80. 

 

Beisel, W. R., 1995. Herman Award Lecture, 1995: infection-induced malnutrition--from 

cholera to cytokines. Am J Clin Nutr 62, 813-819. 

 

Benjamin, C., Anderson, V., Pinczower, R., Leventer, R., Richardson, M., Nash, M., 2007. 

Pre- and post-encephalitic neuropsychological profile of a 7-year-old girl. Neuropsychol 

Rehabil 17, 528-550. 

 

Bentwich, Z., Kalinkovich, A., Weisman, Z., Borkow, G., Beyers, N., Beyers, A. D., 1999. 

Can eradication of helminthic infections change the face of AIDS and tuberculosis? Immunol 

Today 20, 485-487. 

 



Chapter 7            References 

 

161 

 

Bianchi, M., Ferrario, P., Clavenna, A., Panerai, A. E., 1997. Interleukin-6 affects 

scopolamine-induced amnesia, but not brain amino acid levels in mice. Neuroreport 8, 1775-

1778. 

 

Bianchi, M., Sacerdote, P., Panerai, A. E., 1998. Cytokines and cognitive function in mice. 

Biol Signals Recept 7, 45-54. 

 

Bifrare, Y. D., Gianinazzi, C., Imboden, H., Leib, S. L., Tauber, M. G., 2003. Bacterial 

meningitis causes two distinct forms of cellular damage in the hippocampal dentate gyrus in 

infant rats. Hippocampus 13, 481-488. 

 

Bilbo, S. D. and Schwarz, J. M., 2009. Early-life programming of later-life brain and behavior: 

a critical role for the immune system. Front Behav Neurosci 3, 14. 

 

Bilbo, S. D., Rudy, J. W., Watkins, L. R., Maier, S. F., 2006. A behavioural characterization 

of neonatal infection-facilitated memory impairment in adult rats. Behav Brain Res 169, 39-

47. 

 

Bilbo, S. D., Levkoff, L. H., Mahoney, J. H., Watkins, L. R., Rudy, J. W., Maier, S. F., 2005a. 

Neonatal infection induces memory impairments following an immune challenge in 

adulthood. Behav Neurosci 119, 293-301. 

 

Bilbo, S. D., Biedenkapp, J. C., Der-Avakian, A., Watkins, L. R., Rudy, J. W., Maier, S. F., 

2005b. Neonatal infection-induced memory impairment after lipopolysaccharide in adulthood 

is prevented via caspase-1 inhibition. J Neurosci 25, 8000-8009. 

 

Bilbo, S. D., Yirmiya, R., Amat, J., Paul, E. D., Watkins, L. R., Maier, S. F., 2008. Bacterial 

infection early in life protects against stressor-induced depressive-like symptoms in adult 

rats. Psychoneuroendocrinology 33, 261-269. 

 

Bilbo, S. D., Wieseler, J. L., Barrientos, R. M., Tsang, V., Watkins, L. R., Maier, S. F., 2010. 

Neonatal bacterial infection alters fever to live and simulated infections in adulthood. 

Psychoneuroendocrinology 35, 369-381. 

 



Chapter 7            References 

 

162 

 

Biswas, S. K. and Lopez-Collazo, E., 2009. Endotoxin tolerance: new mechanisms, 

molecules and clinical significance. Trends Immunol 30, 475-487. 

 

Black, A. D., 2006. The atypical pneumonias: The South African Context. SA Farm Pract 48, 

20-27. 

 

Black, A. D., 2008. Community-acquired pneumonia - a clinical approach to assessment and 

management. SA Farm Pract 50, 15-23. 

 

Black, R. E., 1991. Would control of childhood infectious diseases reduce malnutrition? Acta 

Paediatr Scand Suppl 374, 133-140. 

 

Blalock, J. E., Smith, E. M., Meyer, W. J., 3rd. 1985. The pituitary-adrenocortical axis and 

the immune system. Clin Endocrinol Metab 14, 1021-1038. 

 

Blanchard, A. and Montagnier, L., 1994. AIDS-associated mycoplasmas. Annu Rev Microbiol 

48, 687-712. 

 

Blatteis, C. M., 1992. Role of the OVLT in the febrile response to circulating pyrogens. Prog 

Brain Res 91, 409-412. 

 

Blatteis, C. M., Bealer, S. L., Hunter, W. S., Llanos, Q. J., Ahokas, R. A., Mashburn, T. A., 

Jr., 1983. Suppression of fever after lesions of the anteroventral third ventricle in guinea 

pigs. Brain Res Bull 11, 519-526. 

 

Bluthé, R. M., Michaud, B., Kelley, K. W., Dantzer, R., 1996. Vagotomy blocks behavioural 

effects of interleukin-1 injected via the intraperitoneal route but not via other systemic routes. 

Neuroreport 7, 2823-2827. 

 

Bohr, V., Paulson, O. B., Rasmussen, N., 1984. Pneumococcal meningitis. Late neurologic 

sequelae and features of prognostic impact. Arch Neurol 41, 1045-1049. 

Boisse, L., Mouihate, A., Ellis, S., Pittman, Q. J., 2004. Long-term alterations in 

neuroimmune responses after neonatal exposure to lipopolysaccharide. J Neurosci 24, 

4928-4934. 

 



Chapter 7            References 

 

163 

 

Bosaeus, I., Daneryd, P., Svanberg, E., Lundholm, K., 2001. Dietary intake and resting 

energy expenditure in relation to weight loss in unselected cancer patients. Int J Cancer 93, 

380-383. 

 

Bradford, M. M., 1976. A rapid and sensitive method for the quantitation of microgram 

quantities of protein utilizing the principle of protein-dye binding. Anal Biochem 72, 248-254. 

 

Brandeis, R., Brandys, Y., Yehuda, S., 1989. The use of the Morris Water Maze in the study 

of memory and learning. Int J Neurosci 48, 29-69. 

 

Brasted, P. J., Bussey, T. J., Murray, E. A., Wise, S. P., 2003. Role of the hippocampal 

system in associative learning beyond the spatial domain. Brain 126, 1202-1223. 

 

Brennan, F. X., Beck, K. D., Servatius, R. J., 2004. Proinflammatory cytokines differentially 

affect leverpress avoidance acquisition in rats. Behav Brain Res 153, 351-355. 

 

Brenner, T., Yamin, A., Gallily, R., 1994. Mycoplasma triggering of nitric oxide production by 

central nervous system glial cells and its inhibition by glucocorticoids. Brain Res 641, 51-56. 

 

Broadbent, N. J., Gaskin, S., Squire, L. R., Clark, R. E., 2010. Object recognition memory 

and the rodent hippocampus. Learn Mem 17, 5-11. 

 

Brown, P. L., Hurley, C., Repucci, N., Drugan, R. C., 2001. Behavioral analysis of stress 

controllability effects in a new swim stress paradigm. Pharm, Biochem Behav 68, 263-272. 

 

Brynskikh, A., Warren, T., Zhu, J., Kipnis, J., 2008. Adaptive immunity affects learning 

behavior in mice. Brain Behav Immun 22, 861-869. 

 

Bundy, D., Sher, A., Michael, E., 2000. Good worms or bad worms: do worm infections affect 

the epidemiological patterns of other diseases? Parasitol Today 16, 273-274. 

 

Campisi, J., Hansen, M. K., O'Connor, K. A., Biedenkapp, J. C., Watkins, L. R., Maier, S. F., 

Fleshner, M., 2003. Circulating cytokines and endotoxin are not necessary for the activation 

of the sickness or corticosterone response produced by peripheral E. coli challenge. J Appl 

Physiol 95, 1873-1882. 



Chapter 7            References 

 

164 

 

Capuron, L., Lamarque, D., Dantzer, R., Goodall, G., 1999. Attentional and mnemonic 

deficits associated with infectious disease in humans. Psychol Med 29, 291-297. 

 

Cartmell, T., Poole, S., Turnbull, A. V., Rothwell, N. J., Luheshi, G. N., 2000. Circulating 

interleukin-6 mediates the febrile response to localised inflammation in rats. J Physiol 526, 

653-661. 

 

Cartmell, T., Luheshi, G. N., Hopkins, S. J., Rothwell, N. J., Poole, S., 2001. Role of 

endogenous interleukin-1 receptor antagonist in regulating fever induced by localised 

inflammation in the rat. J Physiol 531, 171-180. 

 

Cartmell, T. and Mitchell, D., 2005. The molecular basis of fever. In: Steckler, T., Kalin, N. H. 

and Reul, J. M. H. M., editors. Handbook of Stress and the Brain, Amsterdam: Elsevier; p. 

193-227. 

 

Casanova, J. L., Abel, L., Quintana-Murci, L., 2011. Human TLRs and IL-1Rs in host 

defense: natural insights from evolutionary, epidemiological, and clinical genetics. Annu Rev 

Immunol 29, 447-491. 

 

Cedillo, L., Gil, C., Mayagoitia, G., Giono, S., Cuellar, Y., Yanez, A., 1992. Experimental 

arthritis induced by Mycoplasma pneumoniae in rabbits. J Rheumatol 19, 344-347. 

 

Chalker, V. J., Stocki, T., Mentasti, M., Fleming, D., Harrison, T. G., 2011. Increased 

incidence of Mycoplasma pneumoniae infection in England and Wales in 2010: multiocus 

variable number tandem repeat analysis typing and macrolide susceptibility. Euro Surveill 

16, article 19865, 1-5.  

 

Chen, J., Buchanan, J. B., Sparkman, N. L., Godbout, J. P., Freund, G. G., Johnson, R. W., 

2008. Neuroinflammation and disruption in working memory in aged mice after acute 

stimulation of the peripheral innate immune system. Brain Behav Immun 22, 301-311. 

Chen, Y. T., Tsai, S. H., Sheu, S. Y., Tsai, L. H., 2010. Ghrelin improves LPS-induced 

gastrointestinal motility disturbances: roles of NO and prostaglandin E2. Shock 33, 205-212. 

 

Cheney, P. D., 1985. Role of cerebral cortex in voluntary movements. A review. Phys Ther 

65, 624-635. 



Chapter 7            References 

 

165 

 

Choi, S. H., Woodlee, M. T., Hong, J. J., Schallert, T., 2006. A simple modification of the 

water maze test to enhance daily detection of spatial memory in rats and mice. J Neurosci 

Methods 156, 182-193. 

 

Christensen, K. J., Kim, S. W., Dysken, M. W., Hoover, K. M., 1992. Neuropsychological 

performance in obsessive-compulsive disorder. Biol Psychiatry 31, 4-18. 

 

Chu, H. W., Honour, J. M., Rawlinson, C. A., Harbeck, R. J., Martin, R. J., 2003. Effects of 

respiratory Mycoplasma pneumoniae infection on allergen-induced bronchial 

hyperresponsiveness and lung inflammation in mice. Infect Immun 71, 1520-1526. 

 

Chu, H. W., Breed, R., Rino, J. G., Harbeck, R. J., Sills, M. R., Martin, R. J., 2006. Repeated 

respiratory Mycoplasma pneumoniae infections in mice: effect of host genetic background. 

Microbes Infect 8, 1764-1772. 

 

Coceani, F. and Akarsu, E. S., 1998. Prostaglandin E2 in the pathogenesis of fever. An 

update. Ann N Y Acad Sci 856, 76-82. 

 

Cohen, N. J. and Squire, L. R., 1980. Preserved learning and retention of pattern-analyzing 

skill in amnesia: dissociation of knowing how and knowing that. Science 210, 207-210. 

 

Cole, T. J. and Parkin, J. M., 1977. Infection and its effect on the growth of young children: a 

comparison of The Gambia and Uganda. Trans R Soc Trop Med Hyg 71, 196-198. 

 

Combrinck, M. I., Perry, V. H., Cunningham, C., 2002. Peripheral infection evokes 

exaggerated sickness behaviour in pre-clinical murine prion disease. Neuroscience 112, 7-

11. 

 

Conti, L., Cardone, M., Varano, B., Puddu, P., Belardelli, F., Gessani, S., 2008. Role of the 

cytokine environment and cytokine receptor expression on the generation of functionally 

distinct dendritic cells from human monocytes. Eur J Immunol 38, 750-762. 

 

Coon, C. A., Warne, R. W., Martin, L. B., 2011. Acute-phase responses vary with pathogen 

identity in house sparrows (Passer domesticus). Am J Physiol Regul Integr Comp Physiol 

300, R1418-1425. 



Chapter 7            References 

 

166 

 

Cui, C. A., Jin, D. Q., Hwang, Y. K., Lee, I. S., Hwang, J. K., Ha, I., Han, J. S., 2008. 

Macelignan attenuates LPS-induced inflammation and reduces LPS-induced spatial learning 

impairments in rats. Neurosci Lett 448, 110-114. 

 

Cunningham, C. and Sanderson, D. J., 2008. Malaise in the water maze: untangling the 

effects of LPS and IL-1beta on learning and memory. Brain Behav Immun 22, 1117-1127. 

 

Cunningham, C., Wilcockson, D. C., Campion, S., Lunnon, K., Perry, V. H., 2005. Central 

and systemic endotoxin challenges exacerbate the local inflammatory response and 

increase neuronal death during chronic neurodegeneration. J Neurosci 25, 9275-9284. 

 

D'Hooge, R. and De Deyn, P. P., 2001. Applications of the Morris water maze in the study of 

learning and memory. Brain Res Brain Res Rev 36, 60-90. 

 

Dallo, S. F., Baseman, J. B., 2000. Intracellular DNA replication and long-term survival of 

pathogenic mycoplasmas. Microb Pathog 29, 301-309. 

 

Dammann, O., Kuban, K. C., Leviton, A., 2002. Perinatal infection, fetal inflammatory 

response, white matter damage, and cognitive limitations in children born preterm. Ment 

Retard Dev Disabil Res Rev 8, 46-50. 

 

Dantzer, R., 1994. How do cytokines say hello to the brain? Neural versus humoral 

mediation. Eur Cytokine Netw 5, 271-273. 

 

Dantzer, R., 2001a. Cytokine-induced sickness behavior: mechanisms and implications. Ann 

N Y Acad Sci 933, 222-234. 

 

Dantzer, R., 2001b. Cytokine-induced sickness behavior: where do we stand? Brain Behav 

Immun 15, 7-24. 

 

Dantzer, R., 2004. Cytokine-induced sickness behaviour: a neuroimmune response to 

activation of innate immunity. Eur J Pharmacol 500, 399-411. 

 

Dantzer, R. and Kelley, K. W., 2007. Twenty years of research on cytokine-induced sickness 

behavior. Brain Behav Immun 21, 153-160. 



Chapter 7            References 

 

167 

 

Dantzer, R., Konsman, J. P., Bluthé, R. M., Kelley, K. W., 2000. Neural and humoral 

pathways of communication from the immune system to the brain: parallel or convergent? 

Auton Neurosci 85, 60-65. 

 

Dascombe, M. J., Rothwell, N. J., Sagay, B. O., Stock, M. J., 1989. Pyrogenic and 

thermogenic effects of interleukin 1 beta in the rat. Am J Physiol 256, E7-11. 

 

Denicoff, K. D., Rubinow, D. R., Papa, M. Z., Simpson, C., Seipp, C. A., Lotze, M. T., Chang, 

A. E., Rosenstein, D., Rosenberg, S. A., 1987. The neuropsychiatric effects of treatment with 

interleukin-2 and lymphokine-activated killer cells. Ann Intern Med 107, 293-300. 

 

Deshmukh, R., Sharma, V., Mehan, S., Sharma, N., Bedi, K. L., 2009. Amelioration of 

intracerebroventricular streptozotocin induced cognitive dysfunction and oxidative stress by 

vinpocetine -- a PDE1 inhibitor. Eur J Pharmacol 620, 49-56. 

 

DeVries, A. C., Nelson, R. J., Traystman, R. J., Hurn, P. D., 2001. Cognitive and behavioral 

assessment in experimental stroke research: will it prove useful? Neurosci Biobehav Rev 25, 

325-342. 

 

Dickson, R., Awasthi, S., Demellweek, C., Williamson, P., 2000a. Anthelmintic drugs for 

treating worms in children: effects on growth and cognitive performance. Cochrane 

Database Syst Rev (2), 1-53. 

 

Dickson, R., Awasthi, S., Williamson, P., Demellweek, C., Garner, P., 2000b. Effects of 

treatment for intestinal helminth infection on growth and cognitive performance in children: 

systematic review of randomised trials. BMJ 320, 1697-1701. 

Diez-Ariza, M., Redondo, C., Garcia-Alloza, M., Lasheras, B., Del Rio, J., Ramirez, M. J., 

2003. Flumazenil and tacrine increase the effectiveness of ondansetron on scopolamine-

induced impairment of spatial learning in rats. Psychopharmacology (Berl) 169, 35-41. 

 

Dilger, R. N. and Johnson, R. W., 2010. Behavioral assessment of cognitive function using a 

translational neonatal piglet model. Brain Behav Immun 24, 1156-1165. 

 

Dinarello, C. A., 1991. Interleukin-1 and interleukin-1 antagonism. Blood 77, 1627-1652. 

 



Chapter 7            References 

 

168 

 

Dinarello, C. A., 1996. Biologic basis for interleukin-1 in disease. Blood 87, 2095-2147. 

 

Dinarello, C. A., 1997. Proinflammatory and anti-inflammatory cytokines as mediators in the 

pathogenesis of septic shock. Chest 112, 321S-329S. 

 

Dinarello, C. A., 2005. Interleukin-1beta. Crit Care Med 33, S460-462. 

 

Driscoll, I., Hamilton, D. A., Petropoulos, H., Yeo, R. A., Brooks, W. M., Baumgartner, R. N., 

Sutherland, R. J., 2003. The aging hippocampus: cognitive, biochemical and structural 

findings. Cereb Cortex 13, 1344-1351. 

 

du Plessis, I., Mitchell, D., Laburn, H. P., Cartmell, T., 2005. Fever and lethargy induced by 

subcutaneous pyrogen infusion in unrestrained rats. Can J Physiol Pharmacol 83, 1007-

1014. 

 

Dugan, L. L., Ali, S. S., Shekhtman, G., Roberts, A. J., Lucero, J., Quick, K. L., Behrens, M. 

M., 2009. IL-6 mediated degeneration of forebrain GABAergic interneurons and cognitive 

impairment in aged mice through activation of neuronal NADPH oxidase. PLoS One 4, 

e5518. 

 

Dybvig, K. and Voelker, L. L., 1996. Molecular biology of mycoplasmas. Annu Rev Microbiol 

50, 25-57. 

 

Ebert, S., Goos, M., Rollwagen, L., Baake, D., Zech, W. D., Esselmann, H., Wiltfang, J., 

Mollenhauer, B., Schliebs, R., Gerber, J., Nau, R., 2010. Recurrent systemic infections with 

Streptococcus pneumoniae do not aggravate the course of experimental neurodegenerative 

diseases. J Neurosci Res 88, 1124-1136. 

 

Ellis, S., Mouihate, A., Pittman, Q. J., 2005. Early life immune challenge alters innate 

immune responses to lipopolysaccharide: implications for host defense as adults. FASEB J 

19, 1519-1521. 

 

Ellis, S., Mouihate, A., Pittman, Q. J., 2006. Neonatal programming of the rat neuroimmune 

response: stimulus specific changes elicited by bacterial and viral mimetics. J Physiol 571, 

695-701. 



Chapter 7            References 

 

169 

 

Elmquist, J. K., Elias, C. F., Saper, C. B., 1999. From lesions to leptin: hypothalamic control 

of food intake and body weight. Neuron 22, 221-232. 

 

Engeland, C. G., Kavaliers, M., Ossenkopp, K. P., 2003. Sex differences in the effects of 

muramyl dipeptide and lipopolysaccharide on locomotor activity and the development of 

behavioral tolerance in rats. Pharmacol Biochem Behav 74, 433-447. 

 

Eppig, C., Fincher, C. L., Thornhill, R., 2010. Parasite prevalence and the worldwide 

distribution of cognitive ability. Proc Biol Sci 277, 3801-3808. 

 

Escobar, J., Van Alstine, W. G., Baker, D. H., Johnson, R. W., 2004. Decreased protein 

accretion in pigs with viral and bacterial pneumonia is associated with increased myostatin 

expression in muscle. J Nutr 134, 3047-3053. 

 

Escobar, J., Van Alstine, W. G., Baker, D. H., Johnson, R. W., 2007. Behaviour of pigs with 

viral and bacterial pneumonia. Appl Anim Behav Sci 105, 42-50. 

 

European Community Respiratory Health Survey, 1996. Variations in the prevalence of 

respiratory symptoms, self reported asthma attack and use of asthma medication in the 

European Community Respiratory Health Survey. Eur Respir J 9, 687-695. 

 

Evans, W. J., Morley, J. E., Argiles, J., Bales, C., Baracos, V., Guttridge, D., Jatoi, A., 

Kalantar-Zadeh, K., Lochs, H., Mantovani, G., Marks, D., Mitch, W. E., Muscaritoli, M., 

Najand, A., Ponikowski, P., Rossi Fanelli, F., Schambelan, M., Schols, A., Schuster, M., 

Thomas, D., Wolfe, R., Anker, S. D., 2008. Cachexia: a new definition. Clin Nutr 27, 793-

799. 

 

Ewald, P. W., 1980. Evolutionary biology and the treatment of signs and symptoms of 

infectious disease. J Theor Biol 86, 169-176. 

 

Exton, M. S., 1997. Infection-induced anorexia: active host defence strategy. Appetite 29, 

369-383. 

 



Chapter 7            References 

 

170 

 

Faggioni, R., Fuller, J., Moser, A., Feingold, K. R., Grunfeld, C., 1997. LPS-induced anorexia 

in leptin-deficient (ob/ob) and leptin receptor-deficient (db/db) mice. Am J Physiol 273, R181-

186. 

 

Feldberg, W. and Saxena, P. N., 1975a. Effects on body temperature of rats produced by 

prostaglandins, endotoxin, lipid A and antipyretics. J Physiol 245, 101P-102P. 

 

Feldberg, W. and Saxena, P. N., 1975b. Prostaglandins, endotoxin and lipid A on body 

temperature in rats. J Physiol 249, 601-615. 

 

Ferreira, M. E., Coelho, M. M., Pela, I. R., 2001. Role of the hepatic function in the 

development of the pyrogenic tolerance to muramyl dipeptide. Am J Physiol Regul Integr 

Comp Physiol 281, R162-169. 

 

Frank, M. G., Barrientos, R. M., Hein, A. M., Biedenkapp, J. C., Watkins, L. R., Maier, S. F., 

2010. IL-1RA blocks E. coli-induced suppression of Arc and long-term memory in aged 

F344xBN F1 rats. Brain Behav Immun 24, 254-262. 

 

Friedman, J. M. and Halaas, J. L., 1998. Leptin and the regulation of body weight in 

mammals. Nature 395, 763-770. 

 

Gabrieli, J. D., 1998. Cognitive neuroscience of human memory. Annu Rev Psychol 49, 87-

115. 

 

Gage, P. W. and Robertson, B., 1985. Prolongation of inhibitory postsynaptic currents by 

pentobarbitone, halothane and ketamine in CA1 pyramidal cells in rat hippocampus. Br J 

Pharmacol 85, 675-681. 

 

Gahtan, E. and Overmier, J. B., 2001. Performance more than working memory disrupted by 

acute systemic inflammation in rats in appetitive tasks. Physiol Behav 73, 201-210. 

 

Garami, A., Pakai, E., Oliveira, D. L., Steiner, A. A., Wanner, S. P., Almeida, M. C., 

Lesnikov, V. A., Gavva, N. R., Romanovsky, A. A., 2011. Thermoregulatory phenotype of the 

Trpv1 knockout mouse: thermoeffector dysbalance with hyperkinesis. J Neurosci 31, 1721-

1733. 



Chapter 7            References 

 

171 

 

Gerber, J., Bottcher, T., Hahn, M., Siemer, A., Bunkowski, S., Nau, R., 2004. Increased 

mortality and spatial memory deficits in TNF-alpha-deficient mice in ceftriaxone-treated 

experimental pneumococcal meningitis. Neurobiol Dis 16, 133-138. 

 

Gibertini, M., 1996. IL1 beta impairs relational but not procedural rodent learning in a water 

maze task. Adv Exp Med Biol 402, 207-217. 

 

Gibertini, M., 1998. Cytokines and cognitive behavior. Neuroimmunomodulation 5, 160-165. 

 

Gibertini, M., Newton, C., Friedman, H., Klein, T. W., 1995. Spatial learning impairment in 

mice infected with Legionella pneumophila or administered exogenous interleukin-1-beta. 

Brain Behav Immun 9, 113-128. 

 

Glaser, O. C., 1910. The formation of habits at high speed. J Comp Neurol 20, 165-184. 

 

Goelst, K. and Laburn, H., 1991. The effect of alpha-MSH on fever caused by 

Staphylococcus aureus cell walls in rabbits. Peptides 12, 1239-1242. 

 

Goldbach, J. M., Roth, J., Zeisberger, E., 1997. Fever suppression by subdiaphragmatic 

vagotomy in guinea pigs depends on the route of pyrogen administration. Am J Physiol 272, 

R675-681. 

 

Goldbach, J. M., Roth, J., Storr, B., Zeisberger, E., 1996. Repeated infusions of TNF-alpha 

cause attenuation of the thermal response and influence LPS fever in guinea pigs. Am J 

Physiol 270, R749-754. 

 

Gomez-Valero, L., Rusniok, C., Buchrieser, C., 2009. Legionella pneumophila: population 

genetics, phylogeny and genomics. Infect Genet Evol 9, 727-739. 

 

Goodrich-Hunsaker, N. J., Livingstone, S. A., Skelton, R. W., Hopkins, R. O., 2010. Spatial 

deficits in a virtual water maze in amnesic participants with hippocampal damage. 

Hippocampus 20, 481-491. 

 



Chapter 7            References 

 

172 

 

Gorman, K. S., 1995. Malnutrition and cognitive development: evidence from 

experimental/quasi-experimental studies among the mild-to-moderately malnourished. J Nutr 

125, 2239S-2244S. 

 

Goshen, I. and Yirmiya, R., 2007. The role of pro-inflammatory cytokines in memory 

processes and neural plasticity. In: Ader, R. (Ed.), Psychoneuroimmunology 4th ed. Volume 

1 Chapter 16, Elsevier Academic Press, p. 337-377.  

 

Goshen, I., Kreisel, T., Ounallah-Saad, H., Renbaum, P., Zalzstein, Y., Ben-Hur, T., Levy-

Lahad, E., Yirmiya, R., 2007. A dual role for interleukin-1 in hippocampal-dependent memory 

processes. Psychoneuroendocrinology 32, 1106-1115. 

 

Greis, A., Murgott, J., Gerstberger, R., Hübschle, T., Roth, J., 2009. Effects of repeated 

injections of fibroblast-stimulating lipopeptide-1 on fever, formation of cytokines, and on the 

responsiveness to endotoxin in guinea-pigs. Acta Physiol 197, 35-45. 

 

Greis, A., Murgott, J., Rafalzik, S., Gerstberger, R., Hübschle, T., Roth, J., 2007. 

Characterization of the febrile response induced by fibroblast-stimulating lipopeptide-1 in 

guinea pigs. Am J Physiol Regul Integr Comp Physiol 293, R152-161. 

 

Greisman, S. E., Woodward, T. E., Hornick, R. B., Snyder, M. J., 1961. Role of endotoxin in 

typhoid fever. Bull N Y Acad Med 37, 493-498. 

 

Greisman, S. E., Hornick, R. B., Wagner, H. N., Woodward, W. E., Woodward, T. E.,1969. 

The role of endotoxin during typhoid fever and tularemia in man. IV. The integrity of the 

endotoxin tolerance mechanisms during infection. J Clin Invest 48, 613-629. 

 

Grigoleit, J. S., Oberbeck, J. R., Lichte, P., Kobbe, P., Wolf, O. T., Montag, T., del Rey, A., 

Gizewski, E. R., Engler, H., Schedlowski, M., 2010. Lipopolysaccharide-induced 

experimental immune activation does not impair memory functions in humans. Neurobiol 

Learn Mem 94, 561-567. 

 

Grunfeld, C., Zhao, C., Fuller, J., Pollack, A., Moser, A., Friedman, J., Feingold, K. R., 1996. 

Endotoxin and cytokines induce expression of leptin, the ob gene product, in hamsters. J 

Clin Invest 97, 2152-2157. 



Chapter 7            References 

 

173 

 

Hamilton, D. A., Driscoll, I., Sutherland, R. J., 2002. Human place learning in a virtual Morris 

water task: some important constraints on the flexibility of place navigation. Behav Brain Res 

129, 159-170. 

 

Hamilton, D. A., Kodituwakku, P., Sutherland, R. J., Savage, D. D., 2003. Children with Fetal 

Alcohol Syndrome are impaired at place learning but not cued-navigation in a virtual Morris 

water task. Behav Brain Res 143, 85-94. 

 

Hamlyn, E., Brand, L., Shahid, M., Harvey, B. H., 2009. The ampakine, Org 26576, bolsters 

early spatial reference learning and retrieval in the Morris water maze: a subchronic, dose-

ranging study in rats. Behav Pharmacol 20, 662-667. 

 

Harden, L. M., du Plessis, I., Poole, S., Laburn, H. P., 2006. Interleukin-6 and leptin mediate 

lipopolysaccharide-induced fever and sickness behavior. Physiol Behav 89, 146-155. 

 

Harden, L. M., du Plessis, I., Poole, S., Laburn, H. P., 2008. Interleukin (IL)-6 and IL-1 beta 

act synergistically within the brain to induce sickness behavior and fever in rats. Brain Behav 

Immun 22, 838-849. 

 

Harden, L. M., du Plessis, I., Roth, J., Loram, L. C., Poole, S., Laburn, H. P., 2010. 

Differences in the relative involvement of peripherally released interleukin (IL)-6, brain IL-

1beta and prostanoids in mediating lipopolysaccharide-induced fever and sickness behavior. 

Psychoneuroendocrinology 36, 608-622.   

 

Harden, L. M., du Plessis, I., Roth, J., Loram, L. C., Poole, S., Laburn, H. P., 2011. 

Differences in the relative involvement of peripherally released interleukin (IL)-6, brain IL-1β 

and prostanoids in mediating lipopolysaccharide-induced fever and sickness behavior. 

Psychoneuroendocrinology 36, 608-622. 

 

Harrison, F. E., Hosseini, A. H., McDonald, M. P., 2009. Endogenous anxiety and stress 

responses in water maze and Barnes maze spatial memory tasks. Behav Brain Res 198, 

247-251. 

 

Hart, B. L., 1988. Biological basis of the behavior of sick animals. Neurosci Biobehav Rev 

12, 123-137. 



Chapter 7            References 

 

174 

 

Hart, B. L., 1991. The behavior of sick animals. Vet Clin North Am Small Anim Pract 21, 225-

237. 

 

Harvey, B. H, Naciti, C., Brand, L., Stein, D. J., 2003. Endocrine, cognitive and 

hippocampal/cortical 5HT 1A/2A receptor changes evoked by a time-dependent sensitisation 

(TDS) stress model in rats. Brain Res 983, 97-107. 

 

Hauss-Wegrzyniak, B., Vraniak, P., Wenk, G. L., 1999. The effects of a novel NSAID on 

chronic neuroinflammation are age dependent. Neurobiol Aging 20, 305-313. 

 

Hauss-Wegrzyniak, B., Vraniak, P. D., Wenk, G. L., 2000. LPS-induced neuroinflammatory 

effects do not recover with time. Neuroreport 11, 1759-1763. 

 

Hauss-Wegrzyniak, B., Dobrzanski, P., Stoehr, J. D., Wenk, G. L., 1998. Chronic 

neuroinflammation in rats reproduces components of the neurobiology of Alzheimer's 

disease. Brain Res 780, 294-303. 

 

He, W., Fong, Y., Marano, M. A., Gershenwald, J. E., Yurt, R. W., Moldawer, L. L., Lowry, S. 

F., 1992. Tolerance to endotoxin prevents mortality in infected thermal injury: association 

with attenuated cytokine responses. J Infect Dis 165, 859-864. 

Hein, A. M., Stutzman, D. L., Bland, S. T., Barrientos, R. M., Watkins, L. R., Rudy, J. W., 

Maier, S. F., 2007. Prostaglandins are necessary and sufficient to induce contextual fear 

learning impairments after interleukin-1 beta injections into the dorsal hippocampus. 

Neuroscience 150, 754-763. 

 

Henderson, B. and Poole, S., 1994. Modulation of cytokine function: therapeutic 

applications. Adv Pharmacol 25, 53-115. 

 

Henderson, B., Poole, S., Wilson, M., 1996. Microbial/host interactions in health and 

disease: who controls the cytokine network? Immunopharmacology 35, 1-21. 

 

Herrera-Gutierrez, M. E., Seller-Perez, G., Quesada Garcia, G., Granados, M. M., 

Dominguez, J. M., Gomez-Villamandos, R. J., 2011. [Development of a septic shock 

experimental model oriented at training. Application in the training of depuration techniques 

in the management of severe sepsis]. Med Intensiva 35, 84-91. 



Chapter 7            References 

 

175 

 

Hikosaka, O., Miyashita, K., Miyachi, S., Sakai, K., Lu, X., 1998. Differential roles of the 

frontal cortex, basal ganglia, and cerebellum in visuomotor sequence learning. Neurobiol 

Learn Mem 70, 137-149. 

 

Hirst, R. A., Kadioglu, A., O'Callaghan, C., Andrew, P. W., 2004. The role of pneumolysin in 

pneumococcal pneumonia and meningitis. Clin Exp Immunol 138, 195-201. 

 

Hirst, W. D., Stean, T. O., Rogers, D. C., Sunter, D., Pugh, P., Moss, S. F., Bromidge, S. M., 

Riley, G., Smith, D. R., Bartlett, S., Heidbreder, C. A., Atkins, A. R., Lacroix, L. P., Dawson, 

L. A., Foley, A. G., Regan, C. M., Upton, N., 2006. SB-399885 is a potent, selective 5-HT6 

receptor antagonist with cognitive enhancing properties in aged rat water maze and novel 

object recognition models. Eur J Pharmacol 553, 109-119. 

 

Hitchcock, P. J., Leive, L., Makela, P. H., Rietschel, E. T., Strittmatter, W., Morrison, D. C., 

1986. Lipopolysaccharide nomenclature--past, present, and future. J Bacteriol 166, 699-705. 

 

Hoebe, K., Georgel, P., Rutschmann, S., Du, X., Mudd, S., Crozat, K., Sovath, S., Shamel, 

L., Hartung, T., Zahringer, U., Beutler, B., 2005. CD36 is a sensor of diacylglycerides. Nature 

433, 523-527. 

Hoffmann, O., Mahrhofer, C., Rueter, N., Freyer, D., Bert, B., Fink, H., Weber, J. R., 2007. 

Pneumococcal cell wall-induced meningitis impairs adult hippocampal neurogenesis. Infect 

Immun 75, 4289-4297. 

 

Hokkanen, L., Salonen, O., Launes, J., 1996a. Amnesia in acute herpetic and nonherpetic 

encephalitis. Arch Neurol 53, 972-978. 

 

Hokkanen, L., Poutiainen, E., Valanne, L., Salonen, O., Iivanainen, M., Launes, J., 1996b. 

Cognitive impairment after acute encephalitis: comparison of herpes simplex and other 

aetiologies. J Neurol Neurosurg Psychiatry 61, 478-484. 

 

Holmes, C., El-Okl, M., Williams, A. L., Cunningham, C., Wilcockson, D., Perry, V. H., 2003. 

Systemic infection, interleukin 1b, and cognitive decline in Alzheimer’s disease. J Neurol 

Neurosurg Psychiatry 74, 788-789. 

 



Chapter 7            References 

 

176 

 

Hook, E. W. and Jones, T. C., 1966. Typhoid fever. A discussion of two cases. Bull N Y 

Acad Med 42, 552-564. 

 

Hopkins, S. J., 2007. Central nervous system recognition of peripheral inflammation: a 

neural, hormonal collaboration. Acta Biomed 78 Suppl 1, 231-247. 

 

Hopkins, S. J. and Rothwell, N. J., 1995. Cytokines and the nervous system. I: Expression 

and recognition. Trends Neurosci 18, 83-88. 

 

Hopwood, N., Maswanganyi, T., Harden, L. M., 2009. Comparison of anorexia, lethargy, and 

fever induced by bacterial and viral mimetics in rats. Can J Physiol Pharmacol 87, 211-220. 

 

Hornig, M., Weissenbock, H., Horscroft, N., Lipkin, W. I., 1999. An infection-based model of 

neurodevelopmental damage. Proc Natl Acad Sci U S A 96, 12102-12107. 

 

Hsieh, C. C., Tang, R. B., Tsai, C. H., Chen, W., 2001. Serum interleukin-6 and tumor 

necrosis factor-alpha concentrations in children with mycoplasma pneumonia. J Microbiol 

Immunol Infect 34, 109-112. 

 

Huang, W. T., Lin, M. T., Won, S. J., 1997. Staphylococcal enterotoxin A-induced fever is 

associated with increased circulating levels of cytokines in rabbits. Infect Immun 65, 2656-

2662. 

 

Huang, Z. B. and Sheng, G. Q., 2010. Interleukin-1beta with learning and memory. Neurosci 

Bull 26, 455-468. 

 

Huang, Z. B., Wang, H., Rao, X. R., Liang, T., Xu, J., Cai, X. S., Sheng, G. Q., 2010. Effects 

of immune activation on the retrieval of spatial memory. Neurosci Bull 26, 355-364. 

 

Hübschle, T., Rafalzik, S., Gertsberger, R., Roth, J., 2007. Induction of fever and sickness 

behavior in telemetrically monitored rats during systemic inflammation induced by zymosan. 

J Anim Vet Adv 6, 569-575. 

 

Hübschle, T., Mutze, J., Mühlradt, P. F., Korte, S., Gerstberger, R., Roth, J., 2006. Pyrexia, 

anorexia, adipsia, and depressed motor activity in rats during systemic inflammation induced 



Chapter 7            References 

 

177 

 

by the Toll-like receptors-2 and -6 agonists MALP-2 and FSL-1. Am J Physiol Regul Integr 

Comp Physiol 290, R180-187. 

 

Imler, J. L. and Hoffmann, J. A., 2001. Toll receptors in innate immunity. Trends Cell Biol 11, 

304-311. 

 

Into, T., Inomata, M., Shibata, K., Murakami, Y., 2010. Effect of the antimicrobial peptide LL-

37 on Toll-like receptors 2-, 3- and 4-triggered expression of IL-6, IL-8 and CXCL10 in 

human gingival fibroblasts. Cell Immunol 264, 104-109. 

 

Into, T., Fujita, M., Okusawa, T., Hasebe, A., Morita, M., Shibata, K., 2002. Synergic effects 

of mycoplasmal lipopeptides and extracellular ATP on activation of macrophages. Infect 

Immun 70, 3586-3591. 

 

Irazuzta, J. E., de Courten-Myers, G., Zemlan, F. P., Bekkedal, M. Y., Rossi, J., 3rd. 2001. 

Serum cleaved Tau protein and neurobehavioral battery of tests as markers of brain injury in 

experimental bacterial meningitis. Brain Res 913, 95-105. 

 

ISAAC Steering Committee, 1998. Worldwide variation in prevalence of asthma, allergic 

rhino-conjunctivitis and atopic eczema. Lancet 351, 1225-1232. 

 

Ishida, T., Sato, T., Irifune, M., Tanaka, K., Nakamura, N., Nishikawa, T., 2007. Effect of 

acetaminophen, a cyclooxygenase inhibitor, on Morris water maze task performance in mice. 

J Psychopharmacol 21, 757-767. 

 

Ito, H. T., Smith, S. E., Hsiao, E., Patterson, P. H., 2010. Maternal immune activation alters 

nonspatial information processing in the hippocampus of the adult offspring. Brain Behav 

Immun 24, 930-941. 

 

Janas, A. M., Cunningham, S. C., Duffy, K. B., Devan, B. D., Greig, N. H., Holloway, H. W., 

Yu, Q. S., Markowska, A. L., Ingram, D. K., Spangler, E. L., 2005. The cholinesterase 

inhibitor, phenserine, improves Morris water maze performance of scopolamine-treated rats. 

Life Sci 76, 1073-1081. 

 



Chapter 7            References 

 

178 

 

Janeway, C. A., Jr. and Medzhitov, R., 2002. Innate immune recognition. Annu Rev Immunol 

20, 197-216. 

 

Janssens, S. and Beyaert, R., 2003. Role of Toll-like receptors in pathogen recognition. Clin 

Microbiol Rev 16, 637-646. 

 

Jarrard, L. E., 1993. On the role of the hippocampus in learning and memory in the rat. 

Behav Neural Biol 60, 9-26. 

 

Jellinger, K. A., 1998. The neuropathological diagnosis of Alzheimer disease. J Neural 

Transm Suppl 53, 97-118. 

 

Jellinger, K. A. and Bancher, C., 1998. Neuropathology of Alzheimer's disease: a critical 

update. J Neural Transm Suppl 54, 77-95. 

 

Jenkins, T. A., Harte, M. K., Stenson, G., Reynolds, G. P., 2009. Neonatal 

lipopolysaccharide induces pathological changes in parvalbumin immunoreactivity in the 

hippocampus of the rat. Behav Brain Res 205, 355-359. 

 

Jhaveri, K. A., Trammell, R. A., Toth, L. A., 2007. Effect of environmental temperature on 

sleep, locomotor activity, core body temperature and immune responses of C57BL/6J mice. 

Brain Behav Immun 21, 975-987. 

 

Johnson, R. W., 2002. The concept of sickness behavior: a brief chronological account of 

four key discoveries. Vet Immunol Immunopathol 87, 443-450. 

 

Johnson, R. W. and von Borell, E., 1994. Lipopolysaccharide-induced sickness behavior in 

pigs is inhibited by pretreatment with indomethacin. Journal of Animal Science 72, 309-314. 

 

Kallai, J., Makany, T., Karadi, K., Jacobs, W. J., 2005. Spatial orientation strategies in 

Morris-type virtual water task for humans. Behav Brain Res 159, 187-196. 

 

Kamerman P., Skosana, M., Loram, L., Mitchell, B., Weber, J., 2011. Fever and 

inflammatory cytokine response in rats injected subcutaneously with viral double-stranded 

RNA analog, polyinosinic:polycytidylic acid (Poly I:C). J Therm Biol 36, 397-402. 



Chapter 7            References 

 

179 

 

Kapetanovic, R. and Cavaillon, J. M., 2007. Early events in innate immunity in the 

recognition of microbial pathogens. Expert Opin Biol Ther 7, 907-918. 

 

Katafuchi, T., Kondo, T., Yasaka, T., Kubo, K., Take, S., Yoshimura, M., 2003. Prolonged 

effects of polyriboinosinic:polyribocytidylic acid on spontaneous running wheel activity and 

brain interferon-alpha mRNA in rats: a model for immunologically induced fatigue. 

Neuroscience 120, 837-845. 

 

Kelley, K. W., Bluthé, R. M., Dantzer, R., Zhou, J. H., Shen, W. H., Johnson, R. W., 

Broussard, S. R., 2003. Cytokine-induced sickness behavior. Brain Behav Immun 17 Suppl 

1, S112-118. 

 

Kent, S., Bluthé, R. M., Kelley, K. W., Dantzer, R., 1992. Sickness behavior as a new target 

for drug development. Trends Pharmacol Sci 13, 24-28. 

 

Kent, S., Rodriguez, F., Kelley, K. W., Dantzer, R., 1994. Reduction in food and water intake 

induced by microinjection of interleukin-1 beta in the ventromedial hypothalamus of the rat. 

Physiol Behav 56, 1031-1036. 

Kent, S., Dedda, K., Hale, M. W., Crowe, S. F., 2007. Polyinosinic:polycytidylic acid induces 

memory processing deficits in the day-old chick. Behav Pharmacol 18, 19-27. 

 

Kiura, K., Kataoka, H., Yasuda, M., Inoue, N., Shibata, K., 2006. The diacylated lipopeptide 

FSL-1 induces TLR2-mediated Th2 responses. FEMS Immunol Med Microbiol 48, 44-55. 

Kluger, M. J., 1986. Is fever beneficial? Yale J Biol Med 59, 89-95. 

 

Kluger, M. J., 1991. Fever: role of pyrogens and cryogens. Physiol Rev 71, 93-127. 

 

Kohn, D. F. and Clifford, C. B., 2002. Biology and diseases of rats. In: Fox, J. G., Anderson, 

L. C., Loew, F. M. and Quimby, F. W., editors. Laboratory animal medicine. 2nd ed., New 

York: Academic Press; p. 121-165. 

 

Konsman, J. P., Parnet, P., Dantzer, R., 2002. Cytokine-induced sickness behaviour: 

mechanisms and implications. Trends Neurosci 25, 154-159. 

 



Chapter 7            References 

 

180 

 

Konsman, J. P., Luheshi, G. N., Bluthé, R. M., Dantzer, R., 2000. The vagus nerve mediates 

behavioural depression, but not fever, in response to peripheral immune signals; a functional 

anatomical analysis. Eur J Neurosci 12, 4434-4446. 

 

Kozak, W., Conn, C. A., Kluger, M. J., 1994. Lipopolysaccharide induces fever and 

depresses locomotor activity in unrestrained mice. Am J Physiol 266, R125-135. 

 

Krabbe, K. S., Reichenberg, A., Yirmiya, R., Smed, A., Pedersen, B. K., Bruunsgaard, H., 

2005. Low-dose endotoxemia and human neuropsychological functions. Brain Behav Immun 

19, 453-460. 

 

Krisman-Scott, M. A., Buzby, M., Weill, V., Bosnick, E., O'Sullivan, A. L. 2002. Working with 

adolescents: a time of opportunity. [Available on internet:]  

www.nursingworld.org/mods/mod500/adoles.pdf. [Date accessed:] April 6, 2011.   

 

Lacosta, S., Merali, Z., Anisman, H., 1999. Influence of acute and repeated interleukin-2 

administration on spatial learning, locomotor activity, exploratory behaviors, and anxiety. 

Behav Neurosci 113, 1030-1041. 

 

Lang, C. H. and Spitzer, J. A., 1987. Glucose kinetics and development of endotoxin 

tolerance during long-term continuous endotoxin infusion. Metabolism 36, 469-474. 

 

Langhans, W., Harlacher, R., Scharrer, E., 1989. Verapamil and indomethacin attenuate 

endotoxin-induced anorexia. Physiol Behav 46, 535-539. 

 

Langhans, W., Harlacher, R., Balkowski, G., Scharrer, E., 1990. Comparison of the effects of 

bacterial lipopolysaccharide and muramyl dipeptide on food intake. Physiol Behav 47, 805-

813. 

 

Langhans, W., Balkowski, G., Savoldelli, D., 1991. Differential feeding responses to bacterial 

lipopolysaccharide and muramyl dipeptide. Am J Physiol 261, R659-664. 

 

Larson, S. J. and Dunn, A. J., 2001. Behavioral effects of cytokines. Brain Behav Immun 15, 

371-387. 

 



Chapter 7            References 

 

181 

 

Larson, S. J., Romanoff, R. R., Dunn, A. J., Glowa, J. R., 2001. Effects of interleukin-1 on 

food-mainated behavior in the mouse. Brain Behav Immun 16, 398-410. 

 

Layé, S., Gheusi, G., Cremona, S., Combe, C., Kelley, K., Dantzer, R., Parnet, P., 2000. 

Endogenous brain IL-1 mediates LPS-induced anorexia and hypothalamic cytokine 

expression. Am J Physiol Regul Integr Comp Physiol 279, R93-98. 

 

Lazarus, M., Yoshida, K., Coppari, R., Bass, C. E., Mochizuki, T., Lowell, B. B., Saper, C. B., 

2007. EP3 prostaglandin receptors in the median preoptic nucleus are critical for fever 

responses. Nat Neurosci 10, 1131-1133. 

 

Ledeboer, A., Binnekade, R, Breve, J. J., Bol, J. G., Tilders, F. J., Van Dam, A. M., 2002. 

Site-specific modulation of LPS-induced fever and interleukin-1 beta expression in rats by 

interleukin-10. Am J Physiol Regul Integr Comp Physiol 282, 1762-1772. 

 

Lee, J. W., Lee, Y. K., Yuk, D. Y., Choi, D. Y., Ban, S. B., Oh, K. W., Hong, J. T., 2008. 

Neuro-inflammation induced by lipopolysaccharide causes cognitive impairment through 

enhancement of beta-amyloid generation. J Neuroinflammation 5, 37. 

 

Leib, S. L., Kim, Y. S., Ferriero, D. M., Tauber, M. G., 1996. Neuroprotective effect of 

excitatory amino acid antagonist kynurenic acid in experimental bacterial meningitis. J Infect 

Dis 173, 166-171. 

 

Leib, S. L., Heimgartner, C., Bifrare, Y. D., Loeffler, J. M., Taauber, M. G., 2003. 

Dexamethasone aggravates hippocampal apoptosis and learning deficiency in 

pneumococcal meningitis in infant rats. Pediatr Res 54, 353-357. 

 

LeMay, L. G., Vander, A. J., Kluger, M. J., 1990. Role of interleukin 6 in fever in rats. Am J 

Physiol 258, R798-803. 

 

Lemstra, A. W., Groen in't Woud, J. C., Hoozemans, J. J., van Haastert, E. S., Rozemuller, 

A. J., Eikelenboom, P., van Gool, W. A., 2007. Microglia activation in sepsis: a case-control 

study. J Neuroinflammation 4, 4.  

 



Chapter 7            References 

 

182 

 

Leon, L. R., 2002. Invited review: Cytokine regulation of fever: studies using gene knockout 

mice. J Appl Physiol 92, 2648-2655. 

 

Lepkovsky, S., 1973. Newer concepts in the regulation of food intake. Am J Clin Nutr 26, 

271-284. 

 

Leplow, B., Lehnung, M., Pohl, J., Herzog, A., Ferstl, R., Mehdorn, M., 2003. Navigational 

place learning in children and young adults as assessed with a standardized locomotor 

search task. Br J Psychol 94, 299-317. 

 

Levy, O., Martin, S., Eichenwald, E., Ganz, T., Valore, E., Carroll, S. F., Lee, K., Goldmann, 

D., Thorne, G. M., 1999. Impaired innate immunity in the newborn: newborn neutrophils are 

deficient in bactericidal/permeability-increasing protein. Pediatrics 104, 1327-1333. 

 

Liang, Y. C., Liu, H. J., Chen, S. H., Chen, C. C., Chou, L. S., Tsai, L. H., 2005. Effect of 

lipopolysaccharide on diarrhea and gastrointestinal transit in mice: roles of nitric oxide and 

prostaglandin E2. World J Gastroenterol 11, 357-361. 

 

Lieberman, D., Livnat, S., Schlaeffer, F., Porath, A., Horowitz, S., Levy, R., 1997. IL-1beta 

and IL-6 in community-acquired pneumonia: bacteremic pneumococcal pneumonia versus 

Mycoplasma pneumoniae pneumonia. Infection 25, 90-94. 

 

Lindner, M. D., 1997. Reliability, distribution, and validity of age-related cognitive deficits in 

the Morris water maze. Neurobiol Learn Mem 68, 203-220. 

 

Loddick, S. A., Liu, C., Takao, T., Hashimoto, K., De Souza, E. B., 1998. Interleukin-1 

receptors: cloning studies and role in central nervous system disorders. Brain Res Brain Res 

Rev 26, 306-319. 

 

Loeffler, J. M., Ringer, R., Hablutzel, M., Tauber, M. G., Leib, S. L., 2001. The free radical 

scavenger alpha-phenyl-tert-butyl nitrone aggravates hippocampal apoptosis and learning 

deficits in experimental pneumococcal meningitis. J Infect Dis 183, 247-252. 

 

Luheshi, G. and Rothwell, N., 1996. Cytokines and fever. Int Arch Allergy Immunol 109, 301-

307. 



Chapter 7            References 

 

183 

 

Luker, F. I., Mitchell, D., Laburn, H. P., 2000. Fever and motor activity in rats following day 

and night injections of Staphylococcus aureus cell walls. Am J Physiol Regul Integr Comp 

Physiol 279, R610-616. 

 

Lynn, M., Rossignol, D. P., Wheeler, J. L., Kao, R. J., Perdomo, C. A., Noveck, R., Vargas, 

R., D'Angelo, T., Gotzkowsky, S., McMahon, F. G., 2003. Blocking of responses to 

endotoxin by E5564 in healthy volunteers with experimental endotoxemia. J Infect Dis 187, 

631-639. 

 

Machado, I., Gonzalez, P., Schioth, H. B., Lasaga, M., Scimonelli, T. N., 2010. alpha-

Melanocyte-stimulating hormone (alpha-MSH) reverses impairment of memory 

reconsolidation induced by interleukin-1 beta (IL-1 beta) hippocampal infusions. Peptides 31, 

2141-2144. 

 

Madu, S. C., Faurie, A., Pettifor, J. M., Laburn, H. P., 2007. Growth failure after recurrent 

fever in young guinea pigs. Physiol Behav 90, 656-663. 

 

Maei, H. R., Zaslavsky, K., Teixeira, C. M., Frankland, P. W., 2009. What is the Most 

Sensitive Measure of Water Maze Probe Test Performance? Front Integr Neurosci 3, 4. 

 

Maier, S. F. and Watkins, L. R., 1998. Cytokines for psychologists: implications of 

bidirectional immune-to-brain communication for understanding behavior, mood, and 

cognition. Psychol Rev 105, 83-107. 

 

Martorell, R., Habicht, J. P., Yarbrough, C., Lechtig, A., Klein, R. E., Western, K. A., 1975. 

Acute morbidity and physical growth in rural Guatemalan children. Am J Dis Child 129, 1296-

1301. 

 

Mathison, J. C., Virca, G. D., Wolfson, E., Tobias, P. S., Glaser, K., Ulevitch, R. J., 1990. 

Adaptation to bacterial lipopolysaccharide controls lipopolysaccharide-induced tumor 

necrosis factor production in rabbit macrophages. J Clin Invest 85, 1108-1118. 

 

McCarthy, D. O., Kluger, M. J., Vander, A. J., 1985. Suppression of food intake during 

infection: is interleukin-1 involved? Am J Clin Nutr 42, 1179-1182. 

 



Chapter 7            References 

 

184 

 

McIntosh, K., 2002. Community-acquired pneumonia in children. N Engl J Med 346, 429-

437. 

 

McNamara, R. K. and Skelton, R. W., 1993. The neuropharmacological and neurochemical 

basis of place learning in the Morris water maze. Brain Res Brain Res Rev 18, 33-49. 

 

Medzhitov, R. and Janeway, C. A., Jr., 1997. Innate immunity: the virtues of a nonclonal 

system of recognition. Cell 91, 295-298. 

 

Mekaouche, M., Siaud, P., Givalois, L., Barbanel, G., Malaval, F., Maurel, D., Assenmacher, 

I., Ixart, G., 1996. Different responses of plasma ACTH and corticosterone and of plasma 

interleukin-1 beta to single and recurrent endotoxin challenges. J Leukoc Biol 59, 341-346. 

 

Meseguer, M. A., Alvarez, A., Rejas, M. T., Sanchez, C., Perez-Diaz, J. C., Baquero, F., 

2003. Mycoplasma pneumoniae: a reduced-genome intracellular bacterial pathogen. Infect 

Genet Evol 3, 47-55. 

 

Miller, A. J., Hopkins, S. J., Luheshi, G. N., 1997a. Sites of action of IL-1 in the development 

of fever and cytokine responses to tissue inflammation in the rat. Br J Pharmacol 120, 1274-

1279. 

 

Miller, A. J., Luheshi, G. N., Rothwell, N. J., Hopkins, S. J., 1997b. Local cytokine induction 

by LPS in the rat air pouch and its relationship to the febrile response. Am J Physiol 272, 

R857-861. 

 

Miller, N. E., 1964. Some psychophysiological studies of motivation and of the behavioral 

effects of illness. Bull Br Psych Soc 17, 1-20. 

 

Min, S. S., Quan, H. Y., Ma, J., Han, J. S., Jeon, B. H., Seol, G. H., 2009. Chronic brain 

inflammation impairs two forms of long-term potentiation in the rat hippocampal CA1 area. 

Neurosci Lett 456, 20-24. 

 

Mitchell, D. and Laburn, H. P., 1997. Macrophysiology of fever. In: Nielsen, J. B. and 

Nielsen, R., editors. Thermal Physiology, Copenhagen: August Krogh Institute; p. 249-263. 

 



Chapter 7            References 

 

185 

 

Mitchell, J. A., Paul-Clark, M. J., Clarke, G. W., McMaster, S. K., Cartwright, N., 2007. 

Critical role of toll-like receptors and nucleotide oligomerisation domain in the regulation of 

health and disease. J Endocrinol 193, 323-330. 

 

Miyamoto, S. and Verma, I. M., 1995. Rel/NF-kappa B/I kappa B story. Adv Cancer Res 66, 

255-292. 

 

Miyashita, N., Obase, Y., Ouchi, K., Kawasaki, K., Kawai, Y., Kobashi, Y., Oka, M., 2007. 

Clinical features of severe Mycoplasma pneumoniae pneumonia in adults admitted to an 

intensive care unit. J Med Microbiol 56, 1625-1629. 

 

Moffat, S. D., Hampson, E., Hatzipantelis, M., 1998. Navigation in a “virtual” maze: sex 

differences and correlation with psychometric measures of spatial ability in humans. Evol 

Hum Behav 19, 73-87. 

 

Monckeberg, F., Tisler, S., Toro, S., Gattas, V., Vega, L., 1972. Malnutrition and mental 

development. Am J Clin Nutr 25, 766-772. 

Morris, R., 1984. Developments of a water-maze procedure for studying spatial learning in 

the rat. J Neurosci Methods 11, 47-60. 

 

Morris, R. G., Garrud, P., Rawlins, J. N., O'Keefe, J., 1982. Place navigation impaired in rats 

with hippocampal lesions. Nature 297, 681-683. 

 

Morris, R. G. M., 1981. Spatial localization does not require the presence of local cues. 

Learn Motiv 12, 239-260. 

 

Morrison, S. F., Nakamura, K., Madden, C. J., 2008. Central control of thermogenesis in 

mammals. Exp Physiol 93, 773-797. 

 

Mouihate, A. and Pittman, Q. J., 1998. Lipopolysaccharide-induced fever is dissociated from 

apoptotic cell death in the rat brain. Brain Res 805, 95-103. 

 

Mphahlele, N. R., Fuller, A., Roth, J., Kamerman, P. R., 2004. Body temperature, behavior, 

and plasma cortisol changes induced by chronic infusion of Staphylococcus aureus in goats. 

Am J Physiol Regul Integr Comp Physiol 287, R863-R869.  



Chapter 7            References 

 

186 

 

Mueller, D. T., Loft, A., Eikelboom, R., 1997. Alternate-day wheel access: effects on feeding, 

body weight, and running. Physiol Behav 62, 905-908. 

 

Mühlradt, P. F. and Schade, U., 1991. MDHM, a macrophage-stimulatory product of 

Mycoplasma fermentans, leads to in vitro interleukin-1 (IL-1), IL-6, tumor necrosis factor, and 

prostaglandin production and is pyrogenic in rabbits. Infect Immun 59, 3969-3974. 

 

Mühlradt, P. F. and Frisch, M., 1994. Purification and partial biochemical characterization of 

a Mycoplasma fermentans-derived substance that activates macrophages to release nitric 

oxide, tumor necrosis factor, and interleukin-6. Infect Immun 62, 3801-3807. 

 

Mühlradt, P. F., Kiess, M., Meyer, H., Sussmuth, R., Jung, G., 1997. Isolation, structure 

elucidation, and synthesis of a macrophage stimulatory lipopeptide from Mycoplasma 

fermentans acting at picomolar concentration. J Exp Med 185, 1951-1958. 

 

Murray, M. J. and Murray, A. B., 1979. Anorexia of infection as a mechanism of host 

defense. Am J Clin Nutr 32, 593-596. 

 

Nadagir, S. D., Kaleem Bahadur, A., Anantappa Shepur, T., 2011. Prevalence of 

Mycoplasma pneumoniae among HIV infected children. Indian J Pediatr 78, 430-434. 

 

Nadel, L., 1991. The hippocampus and space revisited. Hippocampus 1, 221-229. 

 

Nakamori, T., Sakata, Y., Watanabe, T., Morimoto, A., Nakamura, S., Murakami, N., 1995. 

Suppression of interleukin-1 beta production in the circumventricular organs in endotoxin-

tolerant rabbits. Brain Res 675, 103-109. 

 

Nakamura, J., Shibata, K., Hasebe, A., Into, T., Watanabe, T., Ohata, N., 2002. Signaling 

pathways induced by lipoproteins derived from Mycoplasma salivarium and a synthetic 

lipopeptide (FSL-1) in normal human gingival fibroblasts. Microbiol Immunol 46, 151-158. 

 

Naoi, K., Kogure, S., Saito, M., Hamazaki, T., Watanabe, S., 2006. Differential effects of 

selective cyclooxygenase (COX)-1 and COX-2 inhibitors on anorexic response and 

prostaglandin generation in various tissues induced by zymosan. Biol Pharm Bull 29, 1319-

1324. 



Chapter 7            References 

 

187 

 

Narita, M., 2009. Pathogenesis of neurologic manifestations of Mycoplasma pneumoniae 

infection. Pediatr Neurol 41, 159-166. 

 

Nau, R., Soto, A., Bruck, W., 1999. Apoptosis of neurons in the dentate gyrus in humans 

suffering from bacterial meningitis. J Neuropathol Exp Neurol 58, 265-274. 

 

Newhouse, P., Newhouse, C., Astur, R. S., 2007. Sex differences in visual-spatial learning 

using a virtual water maze in pre-pubertal children. Behav Brain Res 183, 1-7. 

 

Newman, M. C. and Kaszniak, A. W., 2000. Spatial memory and aging: Performance on a 

human analog of the Morris Water Maze Task. Aging Neuropsychol Cogn 7, 86-93. 

 

Nilsberth, C., Elander, L., Hamzic, N., Norell, M., Lonn, J., Engstrom, L., Blomqvist, A., 2009. 

The role of interleukin-6 in lipopolysaccharide-induced fever by mechanisms independent of 

prostaglandin E2. Endocrinology 150, 1850-1860. 

 

Nitta, A., Itoh, A., Hasegawa, T., Nabeshima, T., 1994. beta-Amyloid protein-induced 

Alzheimer's disease animal model. Neurosci Lett 170, 63-66. 

 

Nitz, D., 2009. Parietal cortex, navigation, and the construction of arbitrary reference frames 

for spatial information. Neurobiol Learn Mem 91, 179-185. 

 

O'Reilly, B., Vander, A. J., Kluger, M. J., 1988. Effects of chronic infusion of 

lipopolysaccharide on food intake and body temperature of the rat. Physiol Behav 42, 287-

291. 

 

Oen, K., Fast, M., Postl, B., 1995. Epidemiology of juvenile rheumatoid arthritis in Manitoba, 

Canada, 1975-92: cycles in incidence. J Rheumatol 22, 745-750. 

 

Oitzl, M. S., van Oers, H., Schobitz, B., de Kloet, E. R., 1993. Interleukin-1β, but not 

interleukin-6, impairs spatial navigation learning. Brain Res 613, 160-163. 

 

Okun, E., Griffioen, K. J., Mattson, M. P., 2011. Toll-like receptor signaling in neural plasticity 

and disease. Trends Neurosci 34, 269-281. 

 



Chapter 7            References 

 

188 

 

Okun, E., Griffioen, K., Barak, B., Roberts, N. J., Castro, K., Pita, M. A., Cheng, A., Mughal, 

M. R., Wan, R., Ashery, U., Mattson, M. P., 2010. Toll-like receptor 3 inhibits memory 

retention and constrains adult hippocampal neurogenesis. Proc Natl Acad Sci U S A 107, 

15625-15630. 

 

Okusawa, T., Fujita, M., Nakamura, J., Into, T., Yasuda, M., Yoshimura, A., Hara, Y., 

Hasebe, A., Golenbock, D. T., Morita, M., Kuroki, Y., Ogawa, T., Shibata, K., 2004. 

Relationship between structures and biological activities of mycoplasmal diacylated 

lipopeptides and their recognition by toll-like receptors 2 and 6. Infect Immun 72, 1657-1665. 

 

Olton, D. S., Walker, J. A., Gage, F. H., 1978. Hippocampal connections and spatial 

discrimination. Brain Res 139, 295-308. 

Oppenheim, J. J., 2001. Cytokines: past, present, and future. Int J Hematol 74, 3-8. 

 

Ormerod, B. K. and Beninger, R. J., 2002. Water maze versus radial maze: differential 

performance of rats in a spatial delayed match-to-position task and response to 

scopolamine. Behav Brain Res 128, 139-152. 

 

Ørsted, I., Gertsen, J. B., Schonheyder, H. C., Jensen, J. S., Nielsen, H., 2011. Mycoplasma 

salivarium isolated from brain abscesses. Clin Microbiol Infect 17, 1047-1049. 

 

Overman, W. H., Pate, B. J., Moore, K., Peuster, A., 1996. Ontogeny of place learning in 

children as measured in the radial arm maze, Morris search task, and open field task. Behav 

Neurosci 110, 1205-1228. 

 

Overton, D. A., 1964. State-Dependent or "Dissociated" Learning Produced with 

Pentobarbital. J Comp Physiol Psychol 57, 3-12. 

 

Owen, J. A., Jr., 1975. Physiology of the menstrual cycle. Am J Clin Nutr 28, 333-338. 

 

Ozawa, K., Hashimoto, K., Kishimoto, T., Shimizu, E., Ishikura, H., Iyo, M., 2006. Immune 

activation during pregnancy in mice leads to dopaminergic hyperfunction and cognitive 

impairment in the offspring: a neurodevelopmental animal model of schizophrenia. Biol 

Psychiatry 59, 546-554. 

 



Chapter 7            References 

 

189 

 

Ozinsky, A., Underhill, D. M., Fontenot, J. D., Hajjar, A. M., Smith, K. D., Wilson, C. B., 

Schroeder, L., Aderem, A., 2000. The repertoire for pattern recognition of pathogens by the 

innate immune system is defined by cooperation between toll-like receptors. Proc Natl Acad 

Sci U S A 97, 13766-13771. 

 

Pereira, S. M. and Begum, A., 1987. The influence of illnesses on the food intake of young 

children. Int J Epidemiol 16, 445-450. 

 

Perry, V. H., Newman, T. A., Cunningham, C., 2003. The impact of systemic infection on the 

progression of neurodegenerative disease. Nat Rev Neurosci 4, 103-112. 

 

Perry, V. H., Cunningham, C., Holmes, C., 2007. Systemic infections and inflammation affect 

chronic neurodegeneration. Nat Rev Immunol 7, 161-167. 

 

Pfister, L. A., Tureen, J. H., Shaw, S., Christen, S., Ferriero, D. M., Tauber, M. G., Leib, S. 

L., 2000. Endothelin inhibition improves cerebral blood flow and is neuroprotective in 

pneumococcal meningitis. Ann Neurol 47, 329-335. 

 

Pietsch, K., Ehlers, S., Jacobs, E., 1994. Cytokine gene expression in the lungs of BALB/c 

mice during primary and secondary intranasal infection with Mycoplasma pneumoniae. 

Microbiology 140 ( Pt 8), 2043-2048. 

 

Plata-Salamán, C. R., 1996. Anorexia during acute and chronic disease. Nutrition 12, 69-78. 

 

Plata-Salamán, C. R., 1998. Hypothalamus and the control of feeding: fifteen decades of 

direct association. Nutrition 14, 67-70. 

 

Plata-Salamán, C. R. and Borkoski, J. P., 1993. Centrally administered bacterial 

lipopolysaccharide depresses feeding in rats. Pharmacol Biochem Behav 46, 787-791. 

 

Pollitt, E., Cueto, S., Jacoby, E. R., 1998. Fasting and cognition in well- and undernourished 

schoolchildren: a review of three experimental studies. Am J Clin Nutr 67, 779S-784S. 

 



Chapter 7            References 

 

190 

 

Porter, M. H., Hrupka, B. J., Langhans, W., Schwartz, G. J., 1998. Vagal and splanchnic 

afferents are not necessary for the anorexia produced by peripheral IL-1beta, LPS, and 

MDP. Am J Physiol 275, R384-389. 

 

Poucet, B., Save, E., Lenck-Santini, P. P., 2000. Sensory and memory properties of 

hippocampal place cells. Rev Neurosci 11, 95-111. 

 

Poulin, R., 1994. The evolution of parasite manipulation of host behaviour: a theoretical 

analysis. Parasitology 109 Suppl, S109-118. 

 

Poulin, R., 1995. "Adaptive" changes in the behaviour of parasitized animals: a critical 

review. Int J Parasitol 25, 1371-1383. 

 

Pugh, C. R., Kumagawa, K., Fleshner, M., Watkins, L. R., Maier, S. F., Rudy, J. W., 1998. 

Selective effects of peripheral lipopolysaccharide administration on contextual and auditory-

cue fear conditioning. Brain Behav Immun 12, 212-229. 

 

Pugh, C. R., Nguyen, K. T., Gonyea, J. L., Fleshner, M., Watkins, L. R., Maier, S. F., Rudy, 

J. W., 1999. Role of interleukin-1 beta in impairment of contextual fear conditioning caused 

by social isolation. Behav Brain Res 106, 109-118. 

 

Quan, N. and Banks, W. A., 2007. Brain-immune communication pathways. Brain Behav 

Immun 21, 727-735. 

 

Quinn, R., 2005. Comparing rat's to human's age: how old is my rat in people years? 

Nutrition 21, 775-777. 

 

Rachal Pugh, C., Fleshner, M., Watkins, L. R., Maier, S. F., Rudy, J. W., 2001. The immune 

system and memory consolidation: a role for the cytokine IL-1beta. Neurosci Biobehav Rev 

25, 29-41. 

 

Rasmussen, S. B., Reinert, L. S., Paludan, S. R., 2009. Innate recognition of intracellular 

pathogens: detection and activation of the first line of defense. APMIS 117, 323-337. 

 



Chapter 7            References 

 

191 

 

Rauth, E. and Praz, F., 1989. Interactions between mycoplasmas and the immune system. 

Immun Rev 112, 133-160. 

 

Ravasco, P., Monteiro Grillo, I., Camilo, M., 2007. Cancer wasting and quality of life react to 

early individualized nutritional counselling! Clin Nutr 26, 7-15. 

 

Ravasco, P., Monteiro-Grillo, I., Vidal, P. M., Camilo, M. E., 2004. Cancer: disease and 

nutrition are key determinants of patients' quality of life. Support Care Cancer 12, 246-252. 

 

Razin, S., Yogev, D., Naot, Y., 1998. Molecular biology and pathogenicity of mycoplasmas. 

Microbiol Mol Biol Rev 62, 1094-1156. 

 

Reichenberg, A., Yirmiya, R., Schuld, A., Kraus, T., Haack, M., Morag, A., Pollmacher, T., 

2001. Cytokine-associated emotional and cognitive disturbances in humans. Arch Gen 

Psychiatry 58, 445-452. 

 

Renault, P. F. and Hoofnagle, J. H., 1989. Side effects of alpha interferon. Semin Liver Dis 

9, 273-277. 

 

Richardson, R., Riccio, D. C., Morilak, D., 1983. Anterograde memory loss induced by 

hypothermia in rats. Behav Neural Biol 37, 76-88. 

 

Richwine, A. F., Sparkman, N. L., Dilger, R. N., Buchanan, J. B., Johnson, R. W., 2009. 

Cognitive deficits in interleukin-10-deficient mice after peripheral injection of 

lipopolysaccharide. Brain Behav Immun 23, 794-802. 

 

Richwine, A. F., Parkin, A. O., Buchanan, J. B., Chen, J., Markham, J. A., Juraska, J. M., 

Johnson, R. W., 2008. Architectural changes to CA1 pyramidal neurons in adult and aged 

mice after peripheral immune stimulation. Psychoneuroendocrinology 33, 1369-1377. 

 

Riediger, T., Cordani, C., Potes, C. S., Lutz, T. A., 2010. Involvement of nitric oxide in 

lipopolysaccharide induced anorexia. Pharmacol Biochem Behav 97, 112-120. 

 

Romanovsky, A. A. and Szekely, M., 1998. Fever and hypothermia: two adaptive 

thermoregulatory responses to systemic inflammation. Med Hypotheses 50, 219-226. 



Chapter 7            References 

 

192 

 

 

Romanovsky, A. A., Simons, C. T., Szekely, M., Kulchitsky, V. A., 1997. The vagus nerve in 

the thermoregulatory response to systemic inflammation. Am J Physiol 273, R407-413. 

 

Rose, W. A., 2nd, McGowin, C. L., Pyles, R. B., 2009. FSL-1, a bacterial-derived toll-like 

receptor 2/6 agonist, enhances resistance to experimental HSV-2 infection. Virol J 6, 195. 

 

Roth, J. and Zeisberger, E., 1995. Endotoxin tolerance alters thermal response of guinea 

pigs to systemic infusions of tumor necrosis factor-alpha. Am J Physiol 268, R514-519. 

 

Roth, J. and De Souza, G. E., 2001. Fever induction pathways: evidence from responses to 

systemic or local cytokine formation. Braz J Med Biol Res 34, 301-314. 

Roth, J., McClellan, J. L., Kluger, M. J., Zeisberger, E., 1994. Attenuation of fever and 

release of cytokines after repeated injections of lipopolysaccharide in guinea-pigs. J Physiol 

477 ( Pt 1), 177-185. 

 

Roth, J., Aslan, T., Storr, B., Zeisberger, E., 1997a. Lack of cross tolerance between LPS 

and muramyl dipeptide in induction of circulating TNF-alpha and IL-6 in guinea pigs. Am J 

Physiol 273, R1529-1533. 

 

Roth, J., Hopkins, S. J., Hoadley, M. E., Tripp, A., Aslan, T., Storr, B., Luheshi, G. N., 

Zeisberger, E., 1997b. Fever and production of cytokines in response to repeated injections 

of muramyl dipeptide in guinea-pigs. Pflugers Arch 434, 525-533. 

 

Roth, J., Rummel, C., Barth, S. W., Gerstberger, R., Hübschle, T., 2006. Molecular aspects 

of fever and hyperthermia. Neurol Clin 24, 421-439. 

 

Rothwell, N.J., Hopkins, S. J., 1995. Cytokines and the nervous system II: actions and 

mechanisms of action. Trends Neurosci 18, 130-136. 

 

Rothwell, N. J., Luheshi, G., Toulmond, S., 1996. Cytokines and their receptors in the central 

nervous system: physiology, pharmacology, and pathology. Pharmacol Ther 69, 85-95. 

 

Rottem, S., 2003. Interaction of mycoplasmas with host cells. Physiol Rev 83, 417-432. 

 



Chapter 7            References 

 

193 

 

Rowland, M. G., Rowland, S. G., Cole, T. J., 1988. Impact of infection on the growth of 

children from 0 to 2 years in an urban West African community. Am J Clin Nutr 47, 134-138. 

 

Ruuskanen, O. and Mertsola, J., 1999. Childhood community-acquired pneumonia. Semin 

Respir Infect 14, 163-172. 

 

Sachot, C., Poole, S., Luheshi, G. N., 2004. Circulating leptin mediates lipopolysaccharide-

induced anorexia and fever in rats. J Physiol 561, 263-272. 

 

Samuelsson, A. M., Jennische, E., Hansson, H. A., Holmang, A., 2006. Prenatal exposure to 

interleukin-6 results in inflammatory neurodegeneration in hippocampus with 

NMDA/GABA(A) dysregulation and impaired spatial learning. Am J Physiol Regul Integr 

Comp Physiol 290, R1345-1356. 

 

Sanderson, D. J., Cunningham, C., Deacon, R. M., Bannerman, D. M., Perry, V. H., Rawlins, 

J. N., 2009. A double dissociation between the effects of sub-pyrogenic systemic 

inflammation and hippocampal lesions on learning. Behav Brain Res 201, 103-111. 

 

Sandi, C., 1998. The role and mechanisms of action of glucocorticoid involvement in 

memory storage. Neural Plast 6, 41-52. 

 

Saper, C. B. and Breder, C. D., 1992. Endogenous pyrogens in the CNS: role in the febrile 

response. Prog Brain Res 93, 419-428; discussion 428-419. 

 

Saper, C. B. and Breder, C. D., 1994. The neurologic basis of fever. N Engl J Med 330, 

1880-1886. 

 

Scharf, M. T., Woo, N. H., Lattal, K. M., Young, J. Z., Nguyen, P. V., Abel, T., 2002. Protein 

synthesis is required for the enhancement of long-term potentiation and long-term memory 

by spaced training. J Neurophysiol 87, 2770-2777. 

 

Schobitz, B., De Kloet, E. R., Holsboer, F., 1994. Gene expression and function of 

interleukin 1, interleukin 6 and tumor necrosis factor in the brain. Prog Neurobiol 44, 397-

432. 

 



Chapter 7            References 

 

194 

 

Schroder, N. W., Crother, T. R., Naiki, Y., Chen, S., Wong, M. H., Yilmaz, A., Slepenkin, A., 

Schulte, D., Alsabeh, R., Doherty, T. M., Peterson, E., Nel, A. E., Arditi, M., 2008. Innate 

immune responses during respiratory tract infection with a bacterial pathogen induce allergic 

airway sensitization. J Allergy Clin Immunol 122, 595-602 e595. 

 

Sejnowski, T. J., 2007. The hippocampus review. Science 317, 44-45. 

 

Self, R. L., Smith, K. J., Butler, T. R., Pauly, J. R., Prendergast, M. A., 2009. Intra-cornu 

ammonis 1 administration of the human immunodeficiency virus-1 protein trans-activator of 

transcription exacerbates the ethanol withdrawal syndrome in rodents and activates N-

methyl-D-aspartate glutamate receptors to produce persisting spatial learning deficits. 

Neuroscience 163, 868-876. 

 

Semmler, A., Okulla, T., Sastre, M., Dumitrescu-Ozimek, L., Heneka, M. T., 2005. Systemic 

inflammation induces apoptosis with variable vulnerability of different brain regions. J Chem 

Neuroanat 30, 144-157. 

 

Semmler, A., Frisch, C., Debeir, T., Ramanathan, M., Okulla, T., Klockgether, T., Heneka, M. 

T., 2007. Long-term cognitive impairment, neuronal loss and reduced cortical cholinergic 

innervation after recovery from sepsis in a rodent model. Exp Neurol 204, 733-740. 

 

Senn, J. J., 2006. Toll-like receptor-2 is essential for the development of palmitate-induced 

insulin resistance in myotubes. J Biol Chem 281, 26865-26875. 

 

Sharma, V. K., 2009. Morris water Maze - a versatile cognitive tool. J Biosci Tech 1, 15-19. 

 

Shaw, K. N., Commins, S., O'Mara, S. M., 2001. Lipopolysaccharide causes deficits in 

spatial learning in the watermaze but not in BDNF expression in the rat dentate gyrus. Behav 

Brain Res 124, 47-54. 

 

Shibata, K., Hasebe, A., Into, T., Yamada, M., Watanabe, T., 2000. The N-terminal 

lipopeptide of a 44-kDa membrane-bound lipoprotein of Mycoplasma salivarium is 

responsible for the expression of intercellular adhesion molecule-1 on the cell surface of 

normal human gingival fibroblasts. J Immunol 165, 6538-6544. 

 



Chapter 7            References 

 

195 

 

Shimizu, T., Kida, Y., Kuwano, K., 2008. Mycoplasma pneumoniae-derived lipopeptides 

induce acute inflammatory responses in the lungs of mice. Infect Immun 76, 270-277. 

 

Silverstein, R. L., Li, W., Park, Y. M., Rahaman, S. O., 2010. Mechanisms of cell signaling by 

the scavenger receptor CD36: implications in atherosclerosis and thrombosis. Trans Am Clin 

Climatol Assoc 121, 206-220. 

 

Sinaniotis, C. A. and Sinaniotis, A. C., 2005. Community-acquired pneumonia in children. 

Curr Opin Pulm Med 11, 218-225. 

 

Skinner, G. W., Mitchell, D., Harden, L. M., 2009. Avoidance of physical activity is a sensitive 

indicator of illness. Physiol Behav 96, 421-427. 

 

Soares, D. M., Machado, R. R., Yamashiro, L. H., Melo, M. C., Souza, G. E., 2008. 

Cytokine-induced neutrophil chemoattractant (CINC)-1 induces fever by a prostaglandin-

dependent mechanism in rats. Brain Res 1233, 79-88. 

 

Song, C. and Horrobin, D., 2004. Omega-3 fatty acid ethyl-eicosapentaenoate, but not 

soybean oil, attenuates memory impairment induced by central IL-1beta administration. J 

Lipid Res 45, 1112-1121. 

 

Song, C., Phillips, A. G., Leonard, B. E., Horrobin, D. F., 2004. Ethyl-eicosapentaenoic acid 

ingestion prevents corticosterone-mediated memory impairment induced by central 

administration of interleukin-1beta in rats. Mol Psychiatry 9, 630-638. 

 

Soszynski, D., 2003. [The pathogenesis and the adaptive value of fever]. Postepy Hig Med 

Dosw 57, 531-554. 

 

Soszynski, D., Kozak, W., Szewczenko, M., 1991. Course of fever response to repeated 

administration of sublethal doses of lipopolysaccharides, polyinosinic:polycytidylic acid and 

muramyl dipeptide to rabbits. Experientia 47, 43-47. 

 

Sparkman, N. L., Kohman, R. A., Scott, V. J., Boehm, G. W., 2005a. Bacterial endotoxin-

induced behavioral alterations in two variations of the Morris water maze. Physiol Behav 86, 

244-251. 



Chapter 7            References 

 

196 

 

Sparkman, N. L., Martin, L. A., Calvert, W. S., Boehm, G. W., 2005b. Effects of 

intraperitoneal lipopolysaccharide on Morris maze performance in year-old and 2-month-old 

female C57BL/6J mice. Behav Brain Res 159, 145-151. 

 

Sparkman, N. L., Kohman, R. A., Garcia, A. K., Boehm, G. W., 2005c. Peripheral 

lipopolysaccharide administration impairs two-way active avoidance conditioning in 

C57BL/6J mice. Physiol Behav 85, 278-288. 

 

Spencer, S. J., Heida, J. G., Pittman, Q. J., 2005. Early life immune challenge--effects on 

behavioural indices of adult rat fear and anxiety. Behav Brain Res 164, 231-238. 

 

Squire, L. R., 1992. Memory and the hippocampus: a synthesis from findings with rats, 

monkeys, and humans. Psychol Rev 99, 195-231. 

 

Squire, L. R. and Zola, S. M., 1996. Structure and function of declarative and nondeclarative 

memory systems. Proc Natl Acad Sci U S A 93, 13515-13522. 

 

Stein, R. T. and Cauduro Marostica, P. J., 2007. Community-acquired pneumonia: A review 

and recent advances. Ped Pulm 42, 1095-1103. 

 

Stephensen, C. B., 1999. Burden of infection on growth failure. J Nutr 129, 534S-538S. 

Stoll, B. J., Hansen, N. I., Adams-Chapman, I., Fanaroff, A. A., Hintz, S. R., Vohr, B., 

Higgins, R. D., 2004. Neurodevelopmental and growth impairment among extremely low-

birth-weight infants with neonatal infection. JAMA 292, 2357-2365. 

 

Strachan, D. P., 1989. Hey fever, hygiene and household size. BMJ 299, 1259-1260. 

 

Sutherland, E. R. and Martin, R. J., 2007. Asthma and atypical bacterial infection. Chest 132, 

1962-1966. 

 

Sutherland, R. J. and Rudy, J. W., 1987. Place learning in.the Morris place navigation task is 

impaired by damage to the hippocampus formation even if the temporal demands are 

reduced. Psychobiol 16, 157-163. 

 



Chapter 7            References 

 

197 

 

Sutherland, R. J., Kolb, B., Whishaw, I. Q., 1982. Spatial mapping: definitive disruption by 

hippocampal or medial frontal cortical damage in the rat. Neurosci Lett 31, 271-276. 

 

Swanepoel, T., Harvey, B. H., Harden, L. M., Laburn, H. P., Mitchell, D., 2011. Dissociation 

between learning and memory and other sickness behaviours during simulated Mycoplasma 

infection in rats. Brain Behav Immun 25, 1607-1616. 

 

Szelényi, J., 2001. Cytokines and the central nervous system. Brain Res Bull 54, 329-338. 

 

Takahata, K., Minami, A., Kusumoto, H., Shimazu, S., Yoneda, F., 2005. Effects of selegiline 

alone or with donepezil on memory impairment in rats. Eur J Pharmacol 518, 140-144. 

 

Takakura, K., Hasegawa, K., Goto, Y., Muramatsu, I., 1997. Nitric oxide produced by 

inducible nitric oxide synthase delays gastric emptying in lipopolysaccharide-treated rats. 

Anesthesiology 87, 652-657. 

 

Takeda, K., Takeuchi, O., Akira, S., 2002. Recognition of lipopeptides by Toll-like receptors. 

J Endotoxin Res 8, 459-463. 

 

Takeuchi, O. and Akira, S., 2001. Toll-like receptors; their physiological role and signal 

transduction system. Int Immunopharmacol 1, 625-635. 

 

Takeuchi, O. and Akira, S., 2010. Pattern recognition receptors and inflammation. Cell 140, 

805-820. 

 

Takeuchi, O., Kawai, T., Sanjo, H., Copeland, N. G., Gilbert, D. J., Jenkins, N. A., Takeda, 

K., Akira, S., 1999. TLR6: A novel member of an expanding toll-like receptor family. Gene 

231, 59-65. 

 

Takeuchi, O., Kaufmann, A., Grote, K., Kawai, T., Hoshino, K., Morr, M., Mühlradt, P. F., 

Akira, S., 2000. Cutting edge: preferentially the R-stereoisomer of the mycoplasmal 

lipopeptide macrophage-activating lipopeptide-2 activates immune cells through a toll-like 

receptor 2- and MyD88-dependent signaling pathway. J Immunol 164, 554-557. 

 



Chapter 7            References 

 

198 

 

Tanaka, S., Ide, M., Shibutani, T., Ohtaki, H., Numazawa, S., Shioda, S., Yoshida, T., 2006. 

Lipopolysaccharide-induced microglial activation induces learning and memory deficits 

without neuronal cell death in rats. J Neurosci Res 83, 557-566. 

 

Teeling, J. L., Cunningham, C., Newman, T. A., Perry, V. H., 2010. The effect of non-

steroidal anti-inflammatory agents on behavioural changes and cytokine production following 

systemic inflammation: Implications for a role of COX-1. Brain Behav Immun 24, 409-419. 

 

Teeling, J. L., Felton, L. M., Deacon, R. M., Cunningham, C., Rawlins, J. N., Perry, V. H., 

2007. Sub-pyrogenic systemic inflammation impacts on brain and behavior, independent of 

cytokines. Brain Behav Immun 21, 836-850. 

 

Termine, C., Uggetti, C., Veggiotti, P., Balottin, U., Rossi, G., Egitto, M. G., Lanzi, G., 2005. 

Long-term follow-up of an adolescent who had bilateral striatal necrosis secondary to 

Mycoplasma pneumoniae infection. Brain Dev 27, 62-65. 

 

Terrando, N., Rei Fidalgo, A., Vizcaychipi, M., Cibelli, M., Ma, D., Monaco, C., Feldmann, M., 

Maze, M., 2010. The impact of IL-1 modulation on the development of lipopolysaccharide-

induced cognitive dysfunction. Crit Care 14, R88. 

 

Terrazzino, S., Bauleo, A., Baldan, A., Leon, A., 2002. Peripheral LPS administrations up-

regulate Fas and FasL on brain microglial cells: a brain protective or pathogenic event? J 

Neuroimmunol 124, 45-53. 

 

Terry, A. V., 2000. Spatial Navigation (Water Maze) Tasks. In: Buccafusco, J. J. (Ed)., 

Behavioral methods in neuroscience, Boca Raton (FL): CRC Press; p. 153-166. 

 

Terry, A. V., 2009. Spatial Navigation (Water Maze) Tasks. In: Buccafusco, J. J. (Ed)., 

Methods of Behavior Analysis in Neuroscience, Boca Raton (FL): CRC Press; Chapter 13, p. 

267-280.  

 

Thomson, L. M. and Sutherland, R. J., 2005. Systemic administration of lipopolysaccharide 

and interleukin-1beta have different effects on memory consolidation. Brain Res Bull 67, 24-

29. 



Chapter 7            References 

 

199 

 

Thomson, L. M. and Sutherland, R. J., 2006. Interleukin-1beta induces anorexia but not 

spatial learning and memory deficits in the rat. Behav Brain Res 170, 302-307. 

 

Tolman, E. C., 1948. Cognitive maps in rats and men. Psychol Rev 55, 189-208. 

 

Triantafilou, M., Gamper, F. G., Haston, R. M., Mouratis, M. A., Morath, S., Hartung, T., 

Triantafilou, K., 2006. Membrane sorting of toll-like receptor (TLR)-2/6 and TLR2/1 

heterodimers at the cell surface determines heterotypic associations with CD36 and 

intracellular targeting. J Biol Chem 281, 31002-31011. 

 

Uehara, A., Okumura T., Okamura, K., Takasugi, Y., Namiki, M., 1990. Lipopolysaccharide-

induced inhibition of gastric acid and pepsin secretion in rats. Eur J Pharmacol 181, 141-

145. 

 

Ushikubi, F., Segi, E., Sugimoto, Y., Murata, T., Matsuoka, T., Kobayashi, T., Hizaki, H., 

Tuboi, K., Katsuyama, M., Ichikawa, A., Tanaka, T., Yoshida, N., Narumiya, S., 1998. 

Impaired febrile response in mice lacking the prostaglandin E receptor subtype EP3. Nature 

395, 281-284. 

 

Valentine, A. D., Meyers, C. A., Kling, M. A., Richelson, E., Hauser, P., 1998. Mood and 

cognitive side effects of interferon-alpha therapy. Semin Oncol 25, 39-47. 

 

van der Staay, F. J., 2006. Animal models of behavioral dysfunctions: basic concepts and 

classifications, and an evaluation strategy. Brain Res Rev 52, 131-159. 

 

Vayssettes-Courchay, C., Bouysset, F., Verbeuren, T. J., 2002. Involvement of COX and 

NOS induction in the sympatho-activation during sepsis. Auton Neurosci 98, 33-36. 

 

Vervloet, L. A., Marguet, C., Camargos, P. A., 2007. Infection by Mycoplasma pneumoniae 

and its importance as an etiological agent in childhood community-acquired pneumonias. 

Braz J Infect Dis 11, 507-514. 

 

Volman, T. J., H., Hendriks, T., Goris, R. J. A., 2005. Zymosan-induced generalized 

inflammation: Experimental studies into mechanisms leading to multiple organ dysfunction 

syndrome. Shock 23, 291-297. 



Chapter 7            References 

 

200 

 

Voss, T., Rummel, C., Gerstberger, R., Hübschle, T., Roth, J., 2006. Fever and circulating 

cytokines induced by double-stranded RNA in guinea pigs: dependence on the route of 

administration and effects of repeated injections. Acta Physiol 187, 379-389. 

 

Waites, K. B. and Talkington, D. F., 2004. Mycoplasma pneumoniae and its role as a human 

pathogen. Clin Microbiol Rev 17, 697-728. 

Wakabayashi, G., Cannon, J. G., Gelfand, J. A., Clark, B. D., Aiura, K., Burke, J. F., Wolff, S. 

M., Dinarello, C. A., 1994. Altered interleukin-1 and tumor necrosis factor production and 

secretion during pyrogenic tolerance to LPS in rabbits. Am J Physiol 267, R329-336. 

 

Waller, M. B., Waller, P. F., Brewster, L. A., 1960. A water maze for use in studies of drive 

and learning. Psychol Rep 7, 99-102. 

 

Warren, S. G. and Juraska, J. M., 1997. Spatial and nonspatial learning across the rat 

estrous cycle. Behav Neurosci 111, 259-266. 

 

Warren, S. G., Humphreys, A. G., Juraska, J. M., Greenough, W. T., 1995. LTP varies 

across the estrous cycle: enhanced synaptic plasticity in proestrus rats. Brain Res 703, 26-

30. 

 

Watkins, W. E. and Pollitt, E., 1997. "Stupidity or worms": do intestinal worms impair mental 

performance? Psychol Bull 121, 171-191. 

 

Wegener, G., Harvey, B. H., Bonefeld, B., Müller, H. K., Volke, V., Overstreet, D. H., Elfving, 

B., 2010. Increased stress-evoked nitric oxide signalling in the Flinders sensitive line (FSL) 

rat: a genetic animal model of depression. Int J Neuropsychopharmacol 13, 461-473. 

 

Weidenfeld, J., Wohlman, A., Gallily, R., 1995. Mycoplasma fermentans activates the 

hypothalamo-pituitary adrenal axis in the rat. Neuroreport 6, 910-912. 

 

Wellmer, A., Noeske, C., Gerber, J., Munzel, U., Nau, R., 2000. Spatial memory and learning 

deficits after experimental pneumococcal meningitis in mice. Neurosci Lett 296, 137-140. 

 

Wesche, H., Henzel, W. J., Shillinglaw, W., Li, S., Cao, Z., 1997. MyD88: an adapter that 

recruits IRAK to the IL-1 receptor complex. Immunity 7, 837-847. 



Chapter 7            References 

 

201 

 

West, M. A. and Heagy, W., 2002. Endotoxin tolerance: a review. Crit Care Med 30, S64-73. 

 

Wever, E. G., 1932. Water temperature as an incentive to swimming activity in the rat. J 

Comp Psychol 14, 219-224. 

 

Whishaw, I. Q., 1998. Place learning in hippocampal rats and the path integration 

hypothesis. Neurosci Biobehav Rev 22, 209-220. 

 

Willingham, D. B., Koroshetz, W. J., Peterson, E. W., 1996. Motor skills have diverse neural 

bases: Spared and impaired skill acquisition in Huntington's disease. Neuropsychol 10, 315-

321. 

 

Wiltgen, B. J., Brown, R. A., Talton, L. E., Silva, A. J., 2004. New circuits for old memories: 

the role of the neocortex in consolidation. Neuron 44, 101-108. 

 

Woodruff, R. T., Schorpp, K. M., Lawrenczyk, A. J., Chakraborty, T., Kusnecov, A. W., 2010. 

Effects of acute and repeated administration of Staphylococcal Enterotoxin A on Morris 

water maze learning, corticosterone and hippocampal IL-1beta and TNFalpha. Brain Behav 

Immun 25, 938-946. 

 

Woolley, D. G., Vermaercke, B., Op de Beeck, H., Wagemans, J., Gantois, I., D'Hooge, R., 

Swinnen, S. P., Wenderoth, N., 2010. Sex differences in human virtual water maze 

performance: novel measures reveal the relative contribution of directional responding and 

spatial knowledge. Behav Brain Res 208, 408-414. 

 

Wubbel, L., Jafri, H. S., Olsen, K., Shelton, S., Barton Rogers, B., Gambill, G., Patel, P., 

Keyser, E., Cassell, G., McCracken, G. H., 1998. Mycoplasma pneumoniae pneumonia in a 

mouse model. J Infect Dis 178, 1526-1529. 

 

Yamashiro, O., Morimoto, A., Sakata, Y., Watanabe, T., Murakami, N., 1993. Febrile and 

metabolic tolerance to endotoxin and human recombinant interleukin-1 beta in rabbits. Am J 

Physiol 264, R1180-1185. 

 



Chapter 7            References 

 

202 

 

Yeh, E. R., Erokwu, B., LaManna, J. C., Haxhiu, M. A., 1997. The paraventricular nucleus of 

the hypothalamus influences respiratory timing and activity in the rat. Neurosci Lett 232, 63-

66. 

 

Yirmiya, R., Barak, O., Avitsur, R., Gallily, R., Weidenfeld, J., 1997. Intracerebral 

administration of Mycoplasma fermentans produces sickness behavior: role of 

prostaglandins. Brain Res 749, 71-81. 

Yirmiya, R., Weidenfeld, J., Barak, O., Avitsur, R., Pollak, Y., Gallily, R., Wohlman, A., 

Ovadia, H., Ben-Hur, T., 1999. The role of brain cytokines in mediating the behavioral and 

neuroendocrine effects of intracerebral mycoplasma fermentans. Brain Res 829, 28-38. 

 

Zeisberger, E. and Roth, J., 1998. Tolerance to pyrogens. Ann N Y Acad Sci 856, 116-131. 

 

Zhang, A., Hao, S., Bi, J., Bao, Y., Zhang, X., An, L., Jiang, B., 2009. Effects of catalpol on 

mitochondrial function and working memory in mice after lipopolysaccharide-induced acute 

systemic inflammation. Exp Toxicol Pathol 61, 461-469. 

 

Zuckerman, S. H. and Evans, G. F., 1992. Endotoxin tolerance: in vivo regulation of tumor 

necrosis factor and interleukin-1 synthesis is at the transcriptional level. Cell Immunol 140, 

513-519. 

 

Zysk, G., Bruck, W., Gerber, J., Bruck, Y., Prange, H. W., Nau, R., 1996. Anti-inflammatory 

treatment influences neuronal apoptotic cell death in the dentate gyrus in experimental 

pneumococcal meningitis. J Neuropathol Exp Neurol 55, 722-728. 



Appendices 

203 

 

 

 

 

APPENDIX 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendices 

204 

 

 

 

 

 



Appendices 

205 

 

 

 

 

 

 



Appendices 

206 

 

 

 


