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Fig.1 Experimental procedures. Rats were randomly divided
into the normal control, sleep deprivation (SD) and SD+caffeine
(CAF) group. After 5-day adaptive feeding, HD-S02 was implanted
into the brain of rats to collect electroencephalogram (EEG ) signals.
After postoperative recovery (DO 10: 00-D1 10:00) , the EEG
baseline was recorded continuously for 24 h. D1 11:00-D4 11:00,
a 72 h-SD model of rats was established by a treadmill instru-
ment. Rats were ig given CAF 50 mg- kg™ (SD+CAF group) or
saline (normal control and SD group) at 13: 00 once per day. EEG
signals were recorded to analyze the sleep time and power spectral
density within 4 h of the last administration. The brain, spleen,
hippocampus and prefrontal cortex (PFC) of rats were collected
2 h after the last drug administration.
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Fig.2 Effect of CAF on sleep phase of SD rats. See
Fig.1 for the rat treatment. A1, A2 and A3:the average duration
of wake, non-rapid eye movement sleep (NREM) and rapid eye
movement sleep (REM) per hour; B: duration of wake, NREM
and REM within 4 h of treatment. x+s, n=10. *P<0.05, **P<
0.01, compared with normal control group; #P<0.05, *#P<0.01,
compared with SD group.
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Fig.4 Effect of CAF on contents of inflammatory factors
in spleen (A) , hippocampus (B) and prefrontal cortex
(PFC, C) tissues of SD rats by ELISA. See Fig.1 for the
rat treatment. IL-1P: interleukin-1p; TNF-a: tumor neerosis factor-o.
Xx+s, n=6-8. *P<0.05, **P<0.01, compared with normal control
group; #*P<0.05, compared with SD group.
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Fig.3 Effect of CAF on y oscillations (wake) of SD rats. See Fig. 1 for the rat treatment. y Oscillation relative power(%)=y
oscillation frequency power/y oscillation corresponding frequency power in baselinex100%. x+s, n=10. *P<0.05, compared with normal

control group; *P<0.05, compared with SD group.
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Fig.5 Effect of CAF on expressions of Toll-like receptors 4 (TLR4, A) and NF-kB (B) in spleens of SD model
rats by Western boltting. See Fig.1 for the rat treatment. A2 and B2 were the semi-quantitative results of A1 and B1, respectively.
xts, n=4-5. *P<0.05, **P<0.01, compared with normal control group; #P<0.01, compared with SD group.
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Fig.6 Effect of CAF on numbers of microglia in hippocampal dentate gyrus (A) and medial prefrontal cortex
(mPFC, B) of SD model rats by immunofluorescence. See Fig. 1 for the rat treatment. A2 and B2 were the semi-quantitative
results of A1 and B1, respectively. x+s, n=4-5. **P<0.01, compared with normal control group; *P<0.05, compared with SD group.
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Effect of caffeine on brain electrical changes and immune
responses in sleep-deprived model rats
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Abstract: OBJECTIVE To study the effect of caffeine (CAF) on the sleep phase, gamma oscil-
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lations and immune system function in sleep deprivation (SD) model rats. METHODS Rats were
divided into the normal control group, SD group and SD+CAF group. Except for the normal control
group, a 72 h SD model was established using a treadmill sleep deprivation apparatus in the other
two groups. At the same time, rats in the SD+CAF group were ig given CAF 50 mg- kg™ (for four consec-
utive days, once a day). The signals of electroencephalograms and electromyography of rats were
continuously recorded before and after modeling, and the sleep phase and gamma oscillation intensity
within 4 h of the last administration were analyzed. ELISA was used to detect the levels of interleukin-
1B (IL-1B), tumor necrosis factor-a (TNF-o) and IL-10 in the spleen, hippocampus and prefrontal cortex
(PFC) of rats. Western blotting was used to detect the protein expression levels of Toll-like receptor 4
(TLR 4) and NF-«kB, while immunofluorescence staining was used to detect the number of activated
microglia in the hippocampus and medial prefrontal cortex (mPFC). RESULTS Compared with the
normal control group, rats in the SD group had shorter wake time per hour (P<0.05) and total wake
time (P<0.01), while non-rapid eye movement (NREM) sleep time per hour (P<0.05), total NREM
sleep time (P<0.01) and total REM sleep time (P<0.05) were prolonged. In the SD group, the power
spectral density of oscillations was decreased at the frequency of 43-62 Hz (P<0.05). The contents of
IL-1B and TNF- in the spleen and hippocampus were significantly increased (spleen: P<0.05, hippo-
campus: P<0.01), while the content of IL-10 was decreased (spleen: P<0.01, hippocampus: P<0.01).
The content of IL-1B in PFC tissues was increased (P<0.01), while that of IL-10 was decreased (P<
0.05). The protein expressions of TLR4 (P<0.05) and NF-«kB (P<0.01) in spleen tissue were increased,
and the number of activated microglia in the dentate gyrus (DG) of the hippocampus and mPFC was
increased (P<0.01). CAF 50 mg- kg™ could reverse the above changes. CONCLUSION CAF can modulate
the sleep phase and gamma oscillations, inhibit microglial activation and central and peripheral inflam-
matory responses in SD model rats.
Key words: sleep deprivation; caffeine; cognitive impairment; gamma oscillations; inflammation
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