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Abstract
Background—Endotoxemia from lipopolysaccharide (LPS) induces systemic cytokine
production, whereas traumatic brain injury (TBI) increases intracerebral cytokine production. In
anesthetic doses, ketamine has potent anti-inflammatory properties. However, its anti-
inflammatory effects at sub-anesthetic doses and its effects upon TBI induced inflammation have
not been fully investigated. We hypothesized that ketamine would attenuate both LPS and TBI
induced inflammatory responses.

Methods—Male rats received intraperitoneal ketamine (70, 7, or 1 mg/kg IP) or saline one hour
before LPS (20 mg/kg IP) or saline. Five hours after LPS, rats were sacrificed. Serum was
collected for cytokine analysis. In other experiments, male rats were given ketamine (7 mg/kg IP)
or saline one hour prior to induction of TBI with controlled cortical impact (or sham). One and six
hours following injury, brain was extracted for analysis of cerebral edema and cytokine
production.

Results—LPS increased the serum concentrations of IL-1α, IL-1β, IL-6, IL-10, TNF-α, and
IFN-γ. Ketamine dose dependently attenuated these changes. TBI caused cerebral edema and
increased concentrations of cerebral IL-1α, IL-1β, IL-6, IL-10, and TNF-α. However, ketamine
had minimal effect on TBI induced inflammation.

Conclusions—While ketamine did not appear to exert any beneficial effects against TBI in the
rat, it did not exacerbate cytokine production or enhance cerebral edema as some studies have
suggested.
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Introduction
Ketamine, an anesthetic agent with sedative and analgesic properties, has been shown to
have potent anti-inflammatory effects in a variety of models of systemic inflammation,
including endotoxemia, sepsis, ischemia, and burns (1-6). These effects have been found in
multiple organ systems and involve modulation of the molecular mediators of the
inflammatory response, including transcription factors such as nuclear factor-κB (NF-κB)
and peroxisome proliferator-activated receptor-γ (PPAR-γ), and proteins such as heme
oxygenase-1 (HO-1), inducible nitric oxide synthase (iNOS), and cyclooxygenase-2
(COX-2) (2, 7, 8). Additionally, when given either before or after various pro-inflammatory
insults, ketamine has been shown to diminish systemic production of cytokines, such as
interleukins -1α, -1β, and -6 (IL-1α, IL-1β, and IL-6), tumor necrosis factor-α (TNF-α),
and interferon-γ (IFN-γ), and improve survival (3, 5, 9). Furthermore, recent evidence
suggests that ketamine improves end-organ dysfunction and has anti-inflammatory effects
that appear to be present even at sub-anesthetic (sedative) doses (10-12).

The role of inflammation in traumatic brain injury (TBI) has also recently become better
understood and a focus of investigation. TBI elicits a local inflammatory response involving
the activation of astrocytes and microglia, local cytokine production, and recruitment and
infiltration of immuno-inflammatory cells (13, 14). This inflammatory response has been
shown to play a reparative role in response to the injury. However, in the acute phase, this
response may contribute to neuronal injury and cell death (13-15). In particular, IL-1α,
IL-1β, IL-6, and TNF-α have been found to be involved in the acute inflammatory response
that results from TBI and may significantly contribute to the secondary damage that results
from the TBI induced inflammatory response (16-18). In rodent models of TBI,
pharmacologic interventions capable of attenuating the intracerebral cytokine response have
been shown to improve histologic and functional outcomes (19-21). The effects of ketamine
on TBI are largely unknown. Because some studies suggested that ketamine increases
cerebral metabolic oxygen requirements and cerebral perfusion pressure, which could
aggravate neuronal damage after TBI, its use in patients with TBI was considered
contraindicated (22-24). However, recent investigations have shown that such concerns may
not be warranted in certain conditions (25, 26). Ketamine, at anesthetic doses, has been
found to be neuroprotective in models of cortical injury and ischemia (27, 28). In addition,
ketamine has been shown to inhibit microglial activation in response to LPS in vitro (29).
Moreover, recent evidence suggests that the use of ketamine has shown promise in patients
with TBI (26, 30-32). Because the effects of ketamine on TBI induced inflammatory
responses in the brain have not been fully investigated, and because the effects of sub-
anesthetic doses of ketamine on serum cytokine production in response to LPS remain to be
fully elucidated, this study was done to better examine these effects. We hypothesized that
sub-anesthetic doses of ketamine would attenuate both LPS induced changes in serum
cytokine production and TBI induced changes in cortical cytokine production.

Materials and Methods
Animals

The University of Texas at Houston Animal Welfare Committee approved all experiments
prior to investigation and all studies were performed in adherence to the National Institutes
of Health Guidelines on the Use of Laboratory Animals. Male Sprague-Dawley rats
weighing approximately 200 – 230 g (mean 220 g) were used in this study. Rats were
housed at constant room temperature with a 12-h-light:12-h-dark cycle and fasted for 18
hours prior to and during the experiments, but allowed unrestricted access to water.
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Lipopolysaccharide model
In this model, rats were administered a single intraperitoneal (IP) injection of ketamine (70
mg/kg, 7 mg/kg, or 1 mg/kg) or an equivalent volume of saline. In previous studies, the 70
mg/kg dose of ketamine resulted in complete general anesthesia. One hour after ketamine or
saline, rats were given a single injection of lipopolysaccharide (LPS, 20 mg/kg IP) or saline.
Because this dose of LPS consistently incites a systemic inflammatory response with
reproducible organ dysfunction within five hours, rats were sacrificed under anesthesia five
hours after LPS (9, 11). At sacrifice, the rats were anesthetized with intraperitoneal ketamine
and euthanized by ventricular puncture and exsanguination. Blood was collected and
centrifuged at 1000×g for fifteen minutes at 4°C. Serum was collected as the supernatant
and each sample was divided in 2 – 4 microtubes and stored at -80°C until cytokine analysis
as previously described (9, 33).

Controlled cortical impact model
In this model, and based on our dose response studies with ketamine and LPS, rats were
administered ketamine (7 mg/kg IP) or an equivalent volume of saline. One hour later rats
underwent craniectomy and controlled cortical impact (CCI) or sham injury. A CCI device
(eCCI Model 6.3; Custom Design) was used to cause unilateral brain injury. Rats were
anesthetized with 4% isoflurane and a 1:1 mixture of N2O:O2 and then mounted on a
stereotaxic frame. The head was held in a horizontal plane, a midline incision used for
exposure, and a 7 – 8 mm craniectomy was performed on the right cranial vault. The center
of the craniectomy was placed at the midpoint between bregma and lambda, approximately
3 mm lateral to the midline, overlying the right temporoparietal cortex. A 6 mm diameter
impactor tip was positioned at an angle of 10° from the vertical plane, to produce an impact
orthogonal to the surface of the cortex. Animals received a single impact with a depth of
deformation measuring 3.1 mm, an impact velocity of 6 m/s, and a dwell of 150 ms. In our
model this impact produces a moderate to severe injury (34, 35). An audible baseline
monitor was used to ensure that the location of the tip, relative to the surface of the brain,
was consistent prior to each impact. The impact was delivered onto the parietal association
cortex. Sham injury was performed by conducting all procedures except the impact injury,
including anesthesia, craniectomy, and stereotaxic mounting. Body temperature was
maintained at 37°C using a heating pad. After CCI or sham injury, the skin was closed with
staples and the rats were placed in isolation with a heating pad and observed. Once
recovered from anesthesia, the animals were returned to their cages for observation until
sacrifice. Because this model of TBI produces significant changes in the measured data
points of interest (cerebral cytokine concentrations and edema) by 6 hours, rats were
sacrificed at 1 and 6 hours after CCI (34, 35). At sacrifice, the rats were anesthetized with
isoflurane and euthanized by ventricular puncture and exsanguination followed by
immediate decapitation. The brain was extracted and two regions were isolated, the site of
direct injury and the penumbral region (Figure 1). The sections were weighed to ensure each
section was 120 mg, minced with a pellet pestle, diluted in low glucose Dulbecco's modified
eagle medium (GIBCO®), vortexed for 30 seconds, and centrifuged for 2 minutes at
1000×g. The supernatant (intracerebral interstitial fluid) was collected and stored at -80°C
until cytokine analysis.

Assessment of cerebral edema
Because the regions of direct injury and penumbra removed were processed for analysis of
cytokines and both cytokine concentration and edema formation cannot be measured from
the same section, an additional section of penumbra from each extracted brain was obtained.
These sections were weighed and then placed in a desiccator at 60°C. After 72 h, the
duration determined to provide appropriate dehydration, the sections were weighed, and
tissue weights after 72 h remain stable (35). Edema was measured as tissue percent water:
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Analysis of cytokine concentrations
Cytokine concentrations of the serum (LPS model) and intracerebral interstitial fluid (CCI
model) were quantitatively assessed using a multiplex bead-based suspension immunoassay
(Bio-Rad Laboratories) following the manufacturer's protocol. This assay measures nine
cytokines, IL-1α, IL-1β, IL-2, IL-4, IL-6, IL-10, TNF-α, IFN-γ, and granulocyte-monocyte
colony stimulating factor (GM-CSF). Briefly, fluorescently dyed microspheres (beads) are
conjugated with antibodies for target cytokines. The antibody-coupled beads are washed
with serum containing an unknown amount of cytokine. A series of washes are performed to
remove unbound protein, and the beads exposed to a detection antibody specific for a
separate epitope on the cytokine, resulting in a sandwich immunoassay format. Streptavidin-
phycoerythrin is added, to bind the detection antibody. Beads are drawn into a flow
cytometer that identifies and quantitates each reaction based on bead fluorescence.
Unknown concentrations are calculated using a standard curve derived from recombinant
cytokine standard (Bioplex manual). This method of cytokine analysis has been reported by
our group and we have shown that measured cytokine concentrations do not significantly
change over time with freezing or thawing (33). Because serum concentrations of IL-2, IL-4,
and GM-CSF are undetectable or have minimal change in response to LPS, they are not
reported here. The same is true for the intracerebral production of these three cytokines and
IFN-γ.

Statistics
All values are expressed as mean ± standard error of the mean (SEM). For all experimental
groups a sample size of five or more rats per group was used. Statistical significance was
determined using analysis of variance followed by Tukey's post hoc test. A p value less than
0.05 was considered statistically significant.

Results
Ketamine dose dependently attenuates the LPS induced increases in serum cytokines

In these dose response studies with ketamine, the 70 mg/kg dose conferred complete
anesthesia. In contrast, when the 1 mg/kg or 7 mg/kg dose of ketamine was administered,
minimal, if any, differences in rat arousability or behavior were observed when compared to
rats receiving saline (not shown). Subjectively, no differences in the 1 mg/kg and 7 mg/kg
doses of ketamine were noted. Different results were seen with respect to their effects on
LPS induced cytokine production. The effects of ketamine in doses ranging from 1 – 70 mg/
kg on LPS induced increases in serum cytokines are shown in Figures 2-4. As shown, LPS
significantly increased serum levels of IL-1α, IL-1β, IL-6, IL-10, TNF-α, and IFN-γ when
compared to saline treated controls. When given in doses of 7 and 70 mg/kg, ketamine
attenuated LPS induced increases in serum IL-1α, IL-1β, and IL-6. LPS induced increases
in TNF-α were attenuated by 1, 7, and 70 mg/kg ketamine. However, production of IFN-γ
was attenuated by 70 mg/kg ketamine only. Additionally, for IL-1α, IL-1β, and IL-6, both 7
and 70 mg/kg of ketamine produced significantly different results when compared to rats
receiving 1 mg/kg ketamine. When compared to LPS treated rats not receiving ketamine,
serum concentrations of IL-10 were not affected by 1 or 70 mg/kg of ketamine, while 7 mg/
kg produced a moderate, but statistically significant, attenuation of the LPS induced increase
in this cytokine.
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Ketamine does not prevent TBI induced cortical edema
The macroscopic appearance of the rat brain 6 hours after injury is shown in Figure 1.
Because there is a significant hemorrhagic component in the area of direct injury, cortical
edema was only measured in the penumbra. As shown in Table 1, TBI caused a significant
increase in tissue water percentage at 6 hours in the penumbra, indicative of cerebral edema
formation (p = 0.05). Increased tissue percent water was not present 1 hour after CCI.
Ketamine did not prevent cerebral edema formation when compared to saline or sham
controls.

Ketamine does not prevent TBI induced intracerebral cytokine production
The effects of TBI on intracerebral production of IL-1α, IL-1β, IL-6, IL-10, and TNF-α in
the areas of direct injury and penumbra at 1 hour and 6 hours after injury are shown in
Tables 2 and 3. As shown, CCI induced increased tissue concentrations of IL-1α, IL-1β,
and TNF-α at 1 hour after injury, and IL-1α, IL-1β, IL-6, IL-10, and TNF-α at 6 hours after
injury, in the area of cortical injury in the absence and presence of ketamine (p < 0.05). In
contrast to the LPS model, ketamine did not significantly affect tissue cytokine
concentrations in the area of cortical injury when compared to saline or sham controls. In the
penumbra, CCI alone significantly increased tissue concentrations of IL-1α, IL-1β, and
TNF-α at 1 hour (p < 0.05). Ketamine did not affect tissue concentrations of IL-1α and
IL-1β in the penumbra at 1 hour, but did attenuate the CCI induced increase in TNF-α (p <
0.05). At 6 hours, CCI increased tissue concentrations of IL-1α, IL-1β, IL-6, IL-10, and
TNF-α in the penumbra, both in the absence and presence of ketamine (p < 0.05). Ketamine
did not significantly influence tissue cytokine concentrations in the penumbra at 6 hours.

Discussion
Trauma and septic shock initiate simultaneous pro- and anti-inflammatory responses. Based
on ongoing laboratory studies, we believe that clinical outcomes can be favorably altered by
differential modulation of anti-inflammation over pro-inflammation. While other groups
continue to define the complexities involved in the pathophysiologic responses to traumatic
and septic shock, we have focused on examining how commonly used ICU interventions
such as anesthetics and sedatives can be used to beneficially modulate inflammation.
Critically ill patients often have a prolonged hospital course with management in the
intensive care unit and may require multiple surgical procedures. As a result, they receive a
variety of anesthetic, sedative, and analgesic interventions. Due to its anti-inflammatory
properties, ketamine may be a useful therapeutic adjunct in this setting. Moreover, ketamine
has been shown to have anti-inflammatory effects in some patient populations, including
cardiac surgery and liver transplant, and may be a safe and beneficial adjunct in the brain-
injured patient (31, 32, 36, 37). However, others have suggested that its use in patients with
TBI is contraindicated as it could potentially exacerbate TBI due to its effects on cerebral
perfusion pressure. While perfusion pressures were not measured in this study, we clearly
demonstrated that a 7 mg/kg dose of ketamine does not exacerbate TBI-induced
inflammation.

In contrast, ketamine has potent anti-inflammatory effects on LPS induced changes in serum
concentrations of IL-1α, IL-1β, IL-6, TNF-α, and IFN-γ and these effects were dose
dependent. Indeed the anti-inflammatory effects were found at both anesthetic (70 mg/kg)
and sub-anesthetic (7 mg/kg) doses, but were limited at lower doses (1 mg/kg). Ketamine
may be most useful as an adjunct in the critical care setting at subanesthetic doses,
exploiting its sedative and analgesic properties without producing total intravenous
anesthesia. Because the subanesthetic dose of ketamine effectively attenuated LPS induced
changes in serum cytokine concentrations and did not anesthetize the rat, this dose of
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ketamine was examined in a model of TBI induced intracerebral inflammation. However,
this dose of ketamine had little effect upon TBI induced cerebral edema formation or
changes in cerebral cytokine concentrations.

This study extends our previously published data regarding the effects of ketamine at 70 mg/
kg on LPS induced changes in serum cytokines (9). In that study, we reported that ketamine
(70 mg/kg) blunted the LPS induced increases in serum concentrations of IL-1β, IL-6, TNF-
α, and IFN-γ. Here we report its effects on IL-1α as well as the effects of ketamine at doses
of 7 and 1 mg/kg on LPS induced changes in these cytokines. Taken together, these data
indicate that the anti-inflammatory effects of ketamine, with regards to LPS induced changes
in serum cytokines, are dose dependent and exist at doses considered sub-anesthetic.

Our results are consistent with the literature. However, these other investigations have been
limited to IL-6 and TNF-α (10, 12). In a cecal ligation and puncture model of rodent sepsis,
Yu et al reported that ketamine, given intravenously in a dose of 2.5 mg/kg attenuated the
increase in serum concentration of TNF-α, but not IL-6 (12). Similarly, we found that the
lowest dose of ketamine investigated in our study (1 mg/kg IP) was able to significantly
blunt the increase in systemic production of TNF-α in response to LPS, but had no
significant effects on the other cytokines studied. Thus, these data suggest that the most
potent anti-inflammatory effect of ketamine, with regards to LPS induced changes in serum
cytokine production, is its ability to attenuate the production of TNF-α. TNF-α is produced
by macrophages as a direct response to LPS through a toll-like receptor 4 mediated pathway.
That ketamine, at a dose of 1 mg/kg, is able to attenuate the LPS induced production of
TNF-α, in the absence of effects upon the LPS induced changes in other cytokines, indicates
that ketamine acts, in part, upon the macrophage mediated response to LPS in a manner
independent from its effects on other cytokines. Indeed, ketamine has been shown to inhibit
macrophage production of TNF-α in vitro (38). This effect alone, however, was not
sufficient for ketamine to modulate the global cytokine response, as evidenced by the
marked reduction of TNF-α production in response to 1 mg/kg of ketamine and the lack of
response in the other measured cytokines at this dose. This could reflect an insufficient dose
of ketamine to affect other aspects of macrophage function, such as IL-1 production, an
insufficient dose of ketamine to affect other cells involved in the inflammatory response, or
both. Conversely, ketamine appears to be much less potent with regards to its ability to
modulate production of IFN-γ, as neither the 1 mg/kg nor the 7 mg/kg doses of ketamine
were able to significantly diminish the LPS induced increases in this cytokine. This finding
suggests that the modulation of the inflammatory response by ketamine is not mediated
through IFN-γ. Additionally, ketamine had little effect upon the LPS production of IL-10,
an anti-inflammatory cytokine. Although ketamine produced a statistically significant
attenuation of LPS induced IL-10 production at a dose of 7 mg/kg, this effect is relatively
modest and production of IL-10 is largely preserved. That ketamine attenuates the LPS
induced production of pro-inflammatory cytokines, while having minimal effect upon the
anti-inflammatory cytokine IL-10, suggests that ketamine exerts its effect through selective
modulation of the inflammatory response, rather than through a broad non-discriminatory
mechanism. Thus, ketamine may modulate the inflammatory response in such a way that the
pro-inflammatory response is suppressed, while the anti-inflammatory response is relatively
preserved. In addition to the elucidation of the exact mechanism of its action, future studies
should also evaluate the effects of ketamine upon LPS induced inflammation and injury
when administered in conjunction with and after LPS.

Our current study also extends our knowledge with respect to TBI and confirms that TBI
results in a local inflammatory response as measured by formation of edema and interstitial
cytokine concentrations in cortical tissues. The presence of edema at 6 hours after injury, but
not at 1 hour after injury, is consistent with previous work as edema formation is expected to
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be present by 6 hours and to peak at 48 hours (35, 39). Treatment with ketamine prior to TBI
was not able to attenuate or delay the formation of post-TBI cortical edema. The changes in
cerebral cytokine concentrations as a result of TBI in this study are expected and consistent
with previous results from our laboratory and the work of others (34, 40-42). At the site of
injury, pro-inflammatory cytokines IL-1α, IL-1β, and TNF-α were found to be elevated at 1
and 6 hours after CCI, while the production of IL-6 was not observed until 6 hours after
injury. IL-10, an anti-inflammatory cytokine, was found to be increased at 1 and 6 hours
after injury. Despite the dramatic effects seen with ketamine on LPS induced production of
serum cytokines, ketamine only blunted the TBI induced increase in cerebral concentrations
of TNF-α, and even then only at 1 hour after CCI and only in the penumbra (Table 3). With
the lone exception of TNF-α, ketamine had no impact on the cytokine responses in our
model of TBI. Taken together, the results of our investigations utilizing a model of TBI
indicate that ketamine, at the subanesthetic dose of 7 mg/kg, has minimal effects on the early
local inflammatory state in the brain that develops in response to TBI.

In our LPS model, the anti-inflammatory effects of ketamine were very potent, especially in
regards to its ability to abrogate production of TNF-α. Consequently, we originally
hypothesized that the anti-inflammatory effects of ketamine would be present in another
model of inflammation, in this case, TBI. However, this was not the case. Nevertheless, it
remains possible that higher doses of ketamine may be required to observe any anti-
inflammatory effects when using other models of inflammation. That ketamine lacked
efficacy during TBI may be secondary to differing mechanisms of the inflammatory insults.
Endotoxemia from LPS produces a profound systemic inflammatory response with
subsequent organ damage and dysfunction, whereas CCI results in local tissue injury, a
localized inflammatory response, and, in more severe cases, a subsequent systemic
inflammatory response. Although these two responses, to LPS and to TBI, share many
cellular responses, signaling molecules, and molecular pathways, they are clearly the result
of two different initial insults and progression. The underlying molecular mechanisms likely
differ as well, but remain to be fully elucidated.

The major limitations of this study, specifically in regard to TBI, include the examination of
early time-points and the choice of a relatively low dose of ketamine. Previous work in our
laboratory indicates that edema can be detected by 6 hours, and persists up to 60 hours (35).
Additionally, local cytokine production varies depending upon the cytokine measured, with
increased tissue concentrations observed between 1 to 24 hours. Changes in IL-1α, IL-1β,
and TNF-α are detectable up to 12 hours, while changes in IL-6 are found from 6 to 24
hours (34). In the present study, measurements at the early time-points after CCI evaluate
early local inflammatory response. The prolonged course of the local inflammatory response
was not evaluated. Thus the progression of edema, the resolution of early cytokine
production (IL-1α, IL-1β, and TNF-α), and the sustained production of the pro-
inflammatory cytokine IL-6 were not examined. Furthermore, given the differing
mechanism responsible for the inflammatory response in TBI when compared to
endotoxemia, it is possible that a relatively low dose of ketamine is not sufficient to produce
effects. Finally, we have previously shown that pre-treatment with the anesthetic isoflurane
is also capable of attenuating the systemic production of IL-1α and IL-1β in response to
LPS (9). In our model of TBI, isoflurane anesthesia is used at the time of CCI, and potential
anti-inflammatory effects from the administration of this agent could make any effect that
ketamine might produce difficult to detect. Future investigations involving the anti-
inflammatory effects of ketamine in TBI are warranted and should incorporate higher doses
of ketamine and later time-points.

In conclusion, this study found that ketamine attenuates LPS induced systemic cytokine
production, but has little effect on the early local inflammatory response that occurs as a
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result of CCI induced TBI. However, it is noteworthy that ketamine did not exacerbate this
response either. Further studies with this agent to confirm its safety and efficacy in the
presence of TBI are warranted. Moreover, the data suggest that ketamine may have utility as
a sedative adjunct in septic patients.
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Figure 1.
Brain of the rat. The site of direct injury and penumbra were isolated after sacrifice for
measurement of tissue percent water and tissue cytokine concentrations.
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Figures 2A-B.
Effects of intraperitoneal ketamine (K; 70, 7, and 1 mg/kg), administered 1 hour prior to
intraperitoneal lipopolysaccharide (LPS, 20 mg/kg), on serum concentrations of IL-1α (2A)
and IL-1β (2B) 5 hours after LPS. Data are mean serum cytokine concentration (pg/mL) ±
SEM. * p < 0.05 versus Saline; ** p < 0.05 vs Saline-LPS; *** p < 0.05 vs Ketamine (1 mg/
kg)-LPS; n = 8 for Saline-Saline, n = 10 for all other groups.
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Figures 3A-B.
Effects of intraperitoneal ketamine (K; 70, 7, and 1 mg/kg), administered 1 hour prior to
intraperitoneal lipopolysaccharide (LPS, 20 mg/kg), on serum concentrations of IL-6 (3A)
and IL-10 (3B) 5 hours after LPS. Data are mean serum cytokine concentration (pg/mL) ±
SEM. * p < 0.05 versus Saline; ** p < 0.05 vs Saline-LPS; *** p < 0.05 vs Ketamine (1 mg/
kg)-LPS; n = 8 for Saline-Saline, n = 10 for all other groups.
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Figures 4A-B.
Effects of intraperitoneal ketamine (K; 70, 7, and 1 mg/kg), administered 1 hour prior to
intraperitoneal lipopolysaccharide (LPS, 20 mg/kg), on serum concentrations of TNF-α
(4A) and IFN-γ (4B) 5 hours after LPS. Data are mean serum cytokine concentration (pg/
mL) ± SEM. * p < 0.05 versus Saline; ** p < 0.05 vs Saline-LPS; *** p < 0.05 vs Ketamine
(1 mg/kg)-LPS; **** p < 0.05 vs Ketamine (1 mg/kg)-LPS; n = 8 for Saline-Saline, n = 10
for all other groups.
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