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Perioperative use of cefazolin ameliorates
postoperative cognitive dysfunction but
induces gut inflammation in mice
Peng Liang1,2, Weiran Shan1 and Zhiyi Zuo1,3,4*

Abstract

Background: Emerging evidence indicates that long-time use of multiple antibiotics can induce cognitive dysfunction
via gut dysbiosis. Cefazolin is often used for 3 to 5 days to prevent perioperative infection. This study is to detect the
impact of perioperative use of cefazolin on inflammatory responses and postoperative cognition.

Methods: The anti-inflammatory effect of cefazolin was determined in mouse C8-B4 microglial cells treated
with lipopolysaccharide (LPS). Interleukin (IL)-6 and IL-1β at 6 and 24 h after LPS treatment were detected.
Six- to 8-week-old CD-1 mice were subjected to laparotomy. Cefazolin at 300 mg/kg was injected intraperitoneally
1 h before surgery and then once per day for 5 days after surgery. Their learning and memory were assessed by
Barnes maze and fear conditioning tests which started 1 week after the surgery. The brain and colon were harvested
24 h and 6 days after surgery to determine inflammatory cytokines. The colon and its luminal contents were harvested
6 and 19 days after surgery for the determination of bacteria flora. Cefazolin concentrations in the serum and brain
were measured 0.5, 1, and 2 h after cefazolin injection.

Results: IL-6 and IL-1β levels were decreased by 250 μg/ml cefazolin in the LPS-stimulated C8-B4 cells. Laparotomy
increased the time for mice to identify the target hole in the Barnes maze on day 1 and day 8 after training sessions
and reduced context-related freezing behavior in fear conditioning test. Cefazolin attenuated these surgical effects
but reduced context-related freezing behavior in mice without surgery. IL-6 in the hippocampus and cerebral cortex,
IL-1β in the cerebral cortex, and IL-6 and IL-1β in the serum and colon were increased 24 h after laparotomy. Cefazolin
attenuated these effects. Cefazolin treatment for 5 days in mice without surgery induced colon dysbiosis and increased
IL-6 and IL-1β in the colon and IL-1β in the cerebral cortex. Colon dysbiosis disappeared in mice treated with cefazolin
alone but persisted in mice with surgery and cefazolin 19 days after surgery. High cefazolin concentrations in the
serum but not in the brain were detected after cefazolin injection.

Conclusions: These results suggest that cefazolin has a direct anti-inflammatory effect and can attenuate
surgery-induced postoperative memory and learning impairment in mice. Cefazolin alone may induce cognitive
dysfunction possibly by transient gut dysbiosis in mice without surgery.
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Background
Postoperative cognitive dysfunction (POCD), a severe
complication in elderly surgical population [1–3], is asso-
ciated with long-term disability, high social transfer costs,
and increased mortality [4]. However, its mechanisms are
not fully understood. Current studies on POCD mainly
focus on identifying risk for POCD, contribution of sur-
gery and/or anesthesia to the development of POCD, and
possible mechanisms for surgery and anesthesia to induce
POCD [2, 5, 6]. The effects of perioperative antibiotic use
on postoperative cognition are not known.
Perioperative administration of antibiotics for reducing

surgical infection is a consensus practice in clinical set-
tings. Consensus guidelines most often recommend cefa-
zolin and other cephalosporins for surgical antimicrobial
prophylaxis [7]. Antibiotics are usually started 15 to
60 min before surgical incision and continued for 24 h.
Empirical prolonged use of antibiotics is considered in
the cases of serious surgical site infections [8]. Apart
from targeting bacterial pathogens, antibiotics often in-
discreetly harm some commensal gastrointestinal micro-
biota, allowing other pathogens and/or opportunistic
bacteria to propagate, especially if antibiotics are used
for a long time [9].
The potential contribution of bidirectional communi-

cation between the gut and brain to human health has
been shown by association between gastrointestinal and
mood disorders [10, 11]. Emerging evidence indicates
that the microbiota-gut-brain axis plays an important
role in the cognitive function [12, 13]. Depletion of the
gut microbial community (dysbiosis) by the combination
of many antibiotics for a long time can impair the cogni-
tive function of animals [14]. However, the effects of
clinically relevant use of antibiotics on cognition have
not been reported.
Some antibiotics, such as minocycline, have anti-in-

flammatory effects [15]. Neuroinflammation is consid-
ered as a critical pathological process for POCD [5,
16, 17]. However, the effects of commonly used cefa-
zolin on inflammation and POCD are not known.
Based on the above information, we hypothesize that

cefazolin has anti-inflammatory effect and can attenuate
POCD but may induce cognitive changes due to the dis-
ruption of gut microbiota. To address these hypotheses,
in vitro and in vivo experiments were performed.

Methods
Cell culture and treatment
C8-B4 cells (CRL-2540TM, American Type Culture Col-
lection, Manassas, VA, USA), a mouse microglial cell line
[18], were grown in Dulbecco’s modified Eagle medium
with 10% fetal bovine serum. Cells were maintained at
37 °C in a humidified atmosphere with 5% CO2. Cells were
plated at 5 × 105 cells/well in 6-well plates and treated

with various cefazolin concentrations [50, 100, or 250 μg/
ml, diluted by normal saline (NS)] for 6 or 24 h. Control
cells were treated with medium and NS. For lipopolysac-
charide (LPS) treatment, culture medium was replaced
with fresh medium containing 1 μg/ml LPS. This incuba-
tion was for 6 h or 24 h. Culture medium was harvested
to measure interleukin-1β (IL-1β) and IL-6 by using
ELISA kits (MLB00C, M6000B, R&D System, Minneap-
olis, MN, USA).

Animals and experimental groups
Six- to 8-week-old CD-1 male mice (weighing 31–36 g)
were used. The mice were housed in cages (5 mice/cage)
on a 12-h light/dark cycle with free access to water and
food. For assessment of mouse behavior, observers were
blinded to the group assignment and treatments of mice.
Five separate cohorts of mice were used in the experi-

ments. In the first cohort, mice were randomized by a
SPSS-generated random number assignment to one of
four groups (n = 20 in each group): control, cefazolin, sur-
gery, and surgery plus cefazolin. These mice were used for
learning and memory tests (Barnes maze and fear condi-
tioning tests) which started 7 days after the surgery. The
second cohort mice (n = 5–7 in each group), also in the
four groups, were used to obtain the serum, hippocampus,
cerebral cortex, and colon for ELISA analyses of IL-1β
and IL-6 at 24 h after surgery. The third cohort mice
(n = 7 in each group), also in the four groups, were
used for harvesting the hippocampus, cerebral cortex,
and colon including its luminal contents 6 days after
the surgery for ELISA analyses or 16S rRNA analyses.
The fourth cohort mice (n = 5–6 in each group) with
the same four groups were used to harvest the colon
and its luminal contents 19 days after the surgery for
16S rRNA analyses. The fifth cohort mice (n = 7 in
each group) were used to measure cefazolin concen-
trations in the blood and brain. Mice received one
dose of cefazolin and their blood and brain were har-
vested 0.5, 1, or 2 h after the injection of cefazolin
for measuring cefazolin by high-performance liquid
chromatography (HPLC).

Exploratory laparotomy model
All mice were anesthetized by 1.5% isoflurane for ex-
ploratory laparotomy as we did before [19]. Briefly,
mouse was kept at spontaneous respiration with an in-
spiration of 50% O2. Rectal temperature was monitored
and maintained at 37 °C with the aid of a heating blan-
ket (TCAT-2LV, Physitemp instruments Inc., Clifton, NJ,
USA). The hair in the abdomen was shaved and the ab-
dominal area was sterilized with iodine. Bupivacaine
(0.25%, 3 mg/kg) was infiltrated to the incision site be-
fore surgery. The abdominal cavity was opened by an in-
cision from the xiphoid process to the superior margin
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of the pubic symphysis. The right colon, diaphragmatic
surface of the liver, spleen, kidneys, and bladder were
explored by a cotton tip wetted with NS to mimic clin-
ical exploratory laparotomy. To ensure similar degree
of stimulation, every mouse was explored by the same
set of procedure. After the peritoneum and skin were
closed separately, all animals received a subcutaneous
injection of 3 mg/kg bupivacaine to the wound again
for postoperative analgesia. The total duration of
anesthesia was 2 h.

Cefazolin treatment
Cefazolin (1 g/vial, APOTEX CORP, Weston, FL, USA)
was dissolved by NS to 100 mg/ml. Cefazolin at 300–
500 mg/kg in mice is used for prevention of wound infec-
tion according to a previous report [20]. In this study,
10 mg cefazolin in 0.1 ml was intraperitoneally injected
30 min before surgery and then once every day for 5 days,
while 0.1 ml NS was intraperitoneally injected in the con-
trol group and surgery only group.

Barnes maze
Seven days after surgery, Barnes maze was used to test
the spatial learning and memory of mice as we did pre-
viously [21]. The Barnes maze instrument (SD Instru-
ments, San Diego, CA, USA) is a round platform with
20 peripheral holes, one of which is equipped with a
dark box. This hole is called target hole. After the
mouse was placed in the middle of the platform, aver-
sive noise (85 dB) and very bright light from a 200-W
bulb were used to stimulate mice to seek and enter the
target hole. Mice were trained in a spatial acquisition
phase (3 min per trial, 2 trials each day for 4 days and
2-h interval between trials). The spatial memory test
was conducted 1 day after training (short-term reten-
tion) and 8 days after training (long-term retention).
Mice had a rest from the short-term to long-term re-
tention test. The latency to enter the target hole in
every trial was calculated using an ANY-Maze video
tracking system (SD Instruments).

Fear conditioning
Fear conditioning test was conducted the next day after
the Barnes maze test [21]. A transparent plastic chamber
wiped with 70% alcohol placed in a relatively dark room
was used to accommodate mice encountering three
tone-foot shock pairings with 1-min interval (tone,
2000 Hz/85 dB/30 s; foot shock, 0.7 mA/2 s). Mice were
returned to the same chamber for 8 min without tone
and shock 24 h after training. The freezing behavior was
recorded in an 8-s interval. Two hours later, mice were
placed in another chamber with a different context,
which was wiped with 1% acetic acid and was in a rela-
tively light room. The tone stimulus was added for three

cycles (30 s per cycle, 1 min inter-cycle interval, total
4.5 min) after 3 min without any stimuli in the cage. All
freezing behavior during 4.5 min with tone stimulus was
recorded by a video camera and was scored by an obser-
ver who was blinded to group assignment.

Blood, brain, and colon tissue harvesting
Mice were anesthetized with isoflurane. Thoracotomy
was performed for obtaining blood from the heart. Blood
was centrifuged at 1300 relative centrifugal field for
20 min at 4 °C after it had been placed at 4 °C for 2 h
for serum collection. Those mice for brain tissue har-
vesting were perfused with NS. The bilateral hippocampi
and their overlaying cerebral cortices were dissected out
for ELISA assay. The acceding colon was harvested for
ELISA and 16S rRNA assessment. All dissection proce-
dures were performed on ice.

ELISA of interleukins the in serum, brain, and colon
IL-6 and IL-1β in the serum, brain, and colon were de-
tected by using ELISA kits (R&D SYSTEM). The tissues
(hippocampus, cerebral cortex, or colon) were homoge-
nized on ice in the RIPA buffer (25 mM Tris-HCl with
pH 7.6, 150 mM NaCl, 1% sodium deoxycholate, and 0.1%
SDS) (Thermo Scientific, Rockford, IL, USA) and a prote-
ase inhibitor cocktail (10 mg/ml aproteinin, 5 mg/ml pep-
tastin, 5 mg/ml leupetin, and 1 mM phenylmethane
sulfonylfluoride) (Sigma-Aldrich, St. Louis, MO, USA).
After being centrifuged for 20 min (13,000g, 4 °C), the
supernatant was collected for ELISA detection according to
the manufacturer’s instruction. Cytokines in the serum
were detected in the same way. The amount of IL-6 and
IL-1 β in each sample except for those in the serum was
normalized by its protein content.

16S rRNA PCR method
Colon tissues including their luminal contents were har-
vested. DNA was extracted with Power Lyzer Power soil
DNA isolation kit (Mo Bio Laboratories, Inc., Carlsbad,
CA, USA) according to the manufacturer’s instruction.
Total of 50 ng DNA was used as DNA template for 16S
rRNA PCR. The V3 and V4 region of 16S rRNA was
amplified by the primers F: 5′-CCTACGGGAGGCTG
CAG-3′ and R: 5′-GACTACACGGGTATCTAATCC3′
[22] with the following procedure: 95 °C for 3 min and
25 cycles of 95 °C for 30 s, 55 °C for 30 s, 72 °C for 30 s,
and then 72 °C for 5 min, stored at 4 °C. The amplicons
were applied to electrophoresis with 1% agarose gel.
Products of 500 bp were quantified.

Cefazolin concentration measurement
Cefazolin concentration in the mouse serum and brain
tissues was determined by HPLC. The blood, hippocam-
pus, and cerebral cortex were harvested 0.5, 1, or 2 h
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after the intraperitoneal injection of 300 mg/kg cefazolin.
The procedure to harvest these tissues and the prepar-
ation of serum was the same as described in the “Blood,
brain, and colon tissue harvesting” section. The brain tis-
sues were then homogenized in five times of NS volumes.
After centrifugation, the supernatant was used for HPLC.
HPLC analyses of the samples were performed as de-
scribed before [23] with an Agilent ZORBAX-C18 col-
umn, a mobile phase of methanol:50 mM ammonium
acetate aqueous solution = 15:85 (pH was adjusted by gla-
cial acetic acid to 4.30), and a detection wavelength at
272 nm. The mobile phase speed was 1 ml/min. After
standard curve of cefazolin concentrations was estab-
lished, 50 μl of samples was mixed with 50 μl of pure
water, vortexed for 10 s, and then mixed with 200 μl
of 6% perchloric acid solution. The samples were vor-
texed for 30 s and then centrifuged at 20,000 rpm for
10 min. Twenty microliters of the supernatant was
used for HPLC.

Statistical analysis
Parametric data with normal distribution are presented
as mean ± S.E.M. (n ≥ 5). One-way or two-way repeated
measures analysis of variance followed by Tukey test
was used to analyze the data from the training sessions
of Barnes maze test within the same group or between

groups, respectively. Other data were analyzed by
one-way analysis of variance followed by the Tukey test
with normally distributed data or by one-way analysis of
variance on ranks followed by the Tukey test with
non-normally distributed data. Differences were consid-
ered statistically significant at P < 0.05. All statistical ana-
lyses were performed with SigmaStat (Systat Software,
Inc., Point Richmond, CA, USA).

Results
Cefazolin had a direct anti-inflammatory effect on C8-B4
cells stimulated by LPS
IL-6 and IL-1β levels in the culture medium of cells
treated with or without different concentrations of cefazo-
lin under control condition were very low, and cefazolin
at 50 and 100 μg/ml inhibited IL-6 production (Fig. 1).
LPS increased IL-6 and IL-1β production. The increase of
IL-1β was inhibited by all doses of cefazolin but the in-
crease of IL-6 was inhibited only by cefazolin at 200 μg/
ml, the highest dose tested. This cefazolin effect was simi-
lar whether the culture medium was harvested after cells
were incubated with LPS and cefazolin for 6 h or for 24 h
(Fig. 1). These results suggest that cefazolin can inhibit
LPS-induced inflammatory response.
The serum concentrations of cefazolin were higher

than 300 μg/ml at 30 min after the cefazolin injection

Fig. 1 Cefazolin inhibited proinflammatory cytokine production. C8-B4 cells were incubated with or without 1 μg/ml LPS in the presence or
absence of various concentrations of cefazolin. Culture medium was harvested after the cells were incubated for 6 (a, b) or 24 h (c, d). Results are
mean ± S.E.M. (n = 7–9). *P < 0.05 compared with corresponding cells without cefazolin treatment, ^P < 0.05 compared with control cells
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(Fig. 2). These concentrations were higher than those
needed to inhibit LPS-induced cytokine production in
microglial cultures as shown above. However, we did not
detect any cefazolin in the cerebral cortex and hippo-
campus with a detection limit at 1.5 μg/ml by our assay
(Fig. 2). These results suggest that cefazolin does not
cross the blood-brain barrier, consistent with previous
findings [24, 25].

Cefazolin improved learning and memory in mice after
surgery and might impair learning and memory in mice
without surgery
The time for mice to identify target box in Barnes maze test
was decreased with the increase in training sessions. This
time on training days 2, 3, and 4 was shorter than that on
day 1 in all four groups (Fig. 3a). Surgery was a significant
factor to influence the time to identify the target box during
training sessions [F(1,38) = 5.179, P = 0.029]. Cefazolin was
not a significant factor to influence this time no matter
whether animals were with or without surgery. Surgery in-
creased the time for mice to identify the target box 1 day or

Fig. 2 Cefazolin concentrations in the serum. Six- to 8-week-old
mice received 300 mg/kg cefazolin intraperitoneally. Blood was
harvested 0.5, 1, or 2 h after the injection. a Cefazolin concentration
standard curve. b Cefazolin concentrations in the serum. Results are
mean ± S.E.M. (n = 7)

Fig. 3 Effects of cefazolin on learning and memory. Six- to 8-week-old
male CD-1 mice were subjected to laparotomy with or without cefazolin
and tested in Barnes maze and fear conditioning from 1 week after the
surgery. a Training sessions of Barnes maze. b Memory phases of Barnes
maze. c Fear conditioning. Results are mean ± S.E.M. (n= 20). *P< 0.05
compared with the corresponding values on day 1, ^P< 0.05 compared
with control mice, #P< 0.05 compared with mice with laparotomy
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8 days after the training sessions. Cefazolin attenuated this
increase (Fig. 3b). Surgery decreased the context-related
fear conditioning. This decrease was also attenuated by
cefazolin (Fig. 3c). These results suggest that surgery in-
duces learning and memory dysfunction, which is consist-
ent with our previous findings [18, 21]. Our results also
suggest that cefazolin attenuates this dysfunction.
Interestingly, cefazolin reduced context-related fear

conditioning in mice without surgery (Fig. 3c). This re-
sult indicates that cefazolin may impair learning and
memory of the mice under control condition.

Effects of surgery and cefazolin on interleukin expression
IL-6 was increased in the hippocampus and cerebral cor-
tex 24 h after surgery. Cefazolin attenuated this increase
in the cerebral cortex (Fig. 4a). Surgery also increased
IL-1β in the cerebral cortex (Fig. 4b). In addition, IL-6
and IL-1β in the serum and colon were increased 24 h
after the surgery. The increase of IL-1β in the serum and
the increase of IL-6 and IL-1β in the colon were inhib-
ited by cefazolin (Fig. 4c, d). These results suggest that
surgery induces systemic, brain, and colon inflammatory
response and that cefazolin attenuates this response 24 h
after surgery.
IL-6 and IL-1β in the cerebral cortex were increased

6 days after surgery. This increase was not inhibited by
cefazolin (Fig. 5a, b). Instead, cefazolin alone increased

IL-1β in the cerebral cortex (Fig. 5b). Also, cefazolin
alone and surgery alone increased IL-6 and IL-1β in the
colon 6 days after the onset of cefazolin use or 6 days
after the surgery (Fig. 5c). These results suggest that
mice with surgery remain to have inflammatory response
in the brain and colon 6 days after surgery and that cefa-
zolin may induce inflammation in the colon and brain at
a late phase.

Cefazolin used for 5 days induced colon dysbiosis
Cefazolin decreased the expression of 16S rRNA that is
expressed in almost all bacteria [26, 27]. This effect oc-
curred no matter whether mice had surgery or did not
have surgery. Surgery alone did not affect the expression
of 16S rRNA (Fig. 6a). These results suggest that cefazo-
lin induces gut dysbiosis. However, the expression of 16S
rRNA in the mice with cefazolin alone recovered but
was not recovered in mice with surgery and cefazolin at
19 days after the onset of cefazolin use (Fig. 6b). These
results suggest that surgery delays the recovery of gut
microbiota disrupted by cefazolin.

Discussion
Minocycline, an antibiotic, has been shown to have a
direct anti-inflammatory effect [15]. Our study showed
that cefazolin reduced LPS-induced IL-6 and IL-1β pro-
duction from C8-B4 mouse microglial cells. In addition,

Fig. 4 Effects of cefazolin on cytokine production at 24 h after laparotomy. Six- to 8-week-old male CD-1 mice were subjected to laparotomy
with or without cefazolin. The cerebral cortex, hippocampus, blood, and colon were harvested 24 h after the surgery. a IL-6 in the brain. b IL-1β
in the brain. c IL-6 and IL-1β in the serum. d IL-6 and IL-1β in the colon. Results are mean ± S.E.M. (n = 5–7). *P < 0.05 compared with control
mice, ^P < 0.05 compared with mice with laparotomy
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cefazolin attenuated surgery-induced increase of IL-6 in the
cerebral cortex and IL-1β in the serum. These results sug-
gest that cefazolin has a direct anti-inflammatory effect,
which may be helpful to reduce tissue injury after surgery.
Surgery on peripheral tissues and organs induces sys-

temic inflammation that can be transferred into the brain
to induce neuroinflammation [28–30]. We and others
have shown a critical role of neuroinflammation in POCD
[5, 16, 17]. Since cefazolin has an anti-inflammatory effect,

it is possible that cefazolin can reduce POCD. Consistent
with this possibility, cefazolin attenuated surgery-induced
learning and memory dysfunction. In addition, cefazolin at-
tenuated surgery-induced increase of proinflammatory cy-
tokines in the blood and brain 24 h after the surgery. Since
cefazolin concentrations that have anti-inflammatory effects
were achieved in the blood but were not reached in the
brain after intraperitoneal injection of cefazolin and cefazo-
lin application inhibited surgery-induced increase of proin-
flammatory cytokines in the blood, cefazolin may inhibit
the systemic inflammatory response, which leads to
the inhibition of neuroinflammation and improvement

Fig. 5 Effects of cefazolin on cytokine production at 6 days after
laparotomy. Six- to 8-week-old CD-1 mice were subjected to laparotomy
with or without cefazolin. The cerebral cortex, hippocampus, and colon
were harvested 6 days after the surgery. a IL-6 in the brain. b IL-1β in the
brain. c IL-6 and IL-1β in the colon. Results are mean ± S.E.M. (n = 7).
*P < 0.05 compared with control mice, ^P < 0.05 compared with mice
with laparotomy

Fig. 6 Effects of cefazolin and laparotomy on gut microbiota. Six- to
8-week-old CD-1 mice were subjected to laparotomy with or without
cefazolin. The colon and its contents were harvested 6 days (a)
or 19 days (b) after the surgery. The upper panel is a representative
image of 16S rRNA PCR products. Results are mean ± S.E.M. (n = 5–7).
*P < 0.05 compared with control mice, ^P < 0.05 compared with mice
with laparotomy
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of learning and memory of mice after surgery. Cefa-
zolin may not work directly on the brain to inhibit
its inflammation.
To our surprise, we found that cefazolin impaired the

freezing behavior of mice without surgery in the
context-related fear conditioning test, suggesting a detri-
mental effect of cefazolin on learning and memory. Con-
sistent with this suggestion, IL-1β was increased by
cefazolin in the cerebral cortex 6 days after the surgery.
More importantly, there was an increase in IL-6 and
IL-1β in the colon of mice treated with cefazolin only on
this day. Intraperitoneal injection of cefazolin almost
eliminated the expression of 16S rRNA in the colon,
suggesting a severe decrease of gut microbiota (dysbio-
sis). These results indicate the possibility that cefazolin
induces gut dysbiosis that causes inflammatory re-
sponses in the gut and brain, which then induces learn-
ing and memory dysfunction.
Contribution of microbiota to brain health and diseases

has been shown recently [12, 13]. Microbiota plays a critical
role in normal brain development [31–33]. Changes in
microbiota with aging may contribute to brain aging in-
cluding learning and memory decline [13, 32], and cogni-
tive functions are associated with the composition of the
gut microbiota in elderly population [34]. Difference in
microbiota has been found between healthy people and pa-
tients with neurodegenerative diseases, depression, and aut-
ism [13, 32, 35–37]. Mice which received sulfate-reducing
bacteria have impaired working memory [38]. Transplant-
ing microbiota from mice fed high-fat diet induces neuroin-
flammation and impairment of learning and memory in the
recipient mice that do not have obesity [39]. These results
indicate an important role of gut microbiome in learning,
memory, and brain health. A recent study showed that de-
pletion of gut microbiota with the combination of ampicil-
lin, bacitracin, meropenem, neomycin, and vancomycin
for 11 days impairs the novel object recognition memory
[14]. Although the implication of this study in clinical set-
ting is unknown because this combination of antibiotics is
unlikely to be used in patients, the findings suggest that
acute change of gut microbiota alters memory. Our find-
ings indicate that systemic use of cefazolin, a commonly
used method to reduce surgical infection, also induces
acute changes in gut microbiota, inflammatory responses in
gut and brain, and dysfunction of learning and memory.
Our results indicate that surgery alone induces gut in-

flammatory response because IL-6 and IL-1β in the
colon were increased in mice with surgery alone. These
mice may not have significant gut dysbiosis because the
expression of 16S rRNA in these mice was similar to
control mice. Thus, the inflammatory response in the
gut of these mice with surgery may not be due to gut
dysbiosis. It is unclear whether this inflammatory re-
sponse in the gut is a local response to laparotomy or

part of systemic response to this surgical procedure.
Nevertheless, the acute phase of this inflammation in
the gut was inhibited by cefazolin, consistent with the
idea that this acute inflammatory response in the gut
after surgery is not due to gut dysbiosis. Interestingly,
the gut dysbiosis caused by cefazolin disappeared in
mice treated with cefazolin alone but persisted in mice
with surgery and cefazolin when the assay was per-
formed 2 weeks after cefazolin application was stopped.
These results suggest that surgery prolongs the recovery
of gut microbiota.
We designed this study to simulate clinical setting. Intra-

venous injection of cefazolin is commonly used to prevent
surgical infection [40, 41]. Although it may be used for a
short period of time in relatively simple surgery with clear
wound, its use for several days is not uncommon in pa-
tients with complex surgery or contaminated wound.
Laparotomy, a procedure that is performed in all ages of
patients, was used. This procedure is often performed in
surgery involving organs in the abdominal cavity.
Our findings have significant implications. In addition

to its effects on bacteria, cefazolin may have direct
anti-inflammatory effect. This effect may explain its at-
tenuation on anesthesia and surgery-induced learning
and memory dysfunction. These effects may be benefi-
cial to our patients. Our study also suggests that even
routine systemic use of single antibiotic disturbs gut
microbiota, which may lead to gut inflammatory re-
sponse and cognitive dysfunction. Thus, caution must be
taken when systemic or oral use of antibiotics is decided.
Of note, it appears that the anti-inflammatory effect of
cefazolin appears to dominate early in its use, but in-
flammatory response occurs when gut dysbiosis occurs
at a delayed phase. Nevertheless, the gut dysbiosis ap-
pears to be transient when cefazolin is used alone.
Our study has limitations. First, we have not determined

details of the changes in gut microbiota caused by cefazolin
to implicate which bacteria may be involved in the effects
of cefazolin on gut inflammatory responses, learning, and
memory. The major goals of this initial study were to show
the effects. Future studies will be performed to identify the
bacteria involved. Second, our study used male mice only.
Application of our findings to females needs to be cautious.
However, it is hard to believe that cefazolin will not induce
gut dysbiosis in female animals. Third, we used young adult
mice but the delayed phase of POCD often occurs in eld-
erly patients. However, acute phase of POCD at hospital
discharge does occur in young patients [2]. Lastly, pro-
longed use of anesthetics can induce learning and memory
dysfunction [42, 43]. We did not study the effects of mice
with general anesthesia alone because we wanted to simu-
late clinical situation where general anesthesia is often used
with surgery. In addition, patients with general anesthesia
and without surgical incision may not need antibiotics.
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Conclusions
We have shown that cefazolin has a direct anti-inflam-
matory effect that may contribute to its attenuation of
surgery-induced learning and memory dysfunction.
However, systemic use of cefazolin can induce transient
gut dysbiosis that may lead to neuroinflammation and
the dysfunction of learning and memory. These novel
findings indicate that perioperative antibiotic use may be
beneficial from its anti-inflammatory effects but may
cause transient gut dysbiosis when used alone.
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