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ABSTRACT. The current study was performed to investigate the effects
of midazolam on immune function in pediatric patients after surgery
and possible mechanism involved. Patients who needed sedation for
more than 2 consecutive days after undergoing surgery in the Pediatric
Surgery Department of our hospital were enrolled for the study. Fifty-
six patients (5-14 years old) were randomly divided into midazolam
and propofol treatment groups (N = 28 each in each group). Pediatric
patients received midazolam or profolol via continuous intravenous
administration, and their plasma cytokine levels were compared after
48 h. Cultured rat C6 brain glioma cells were pretreated with a range
of concentrations of midazolam or propofol for 60 minutes prior to
incubation with 10 ng/mL IL-1f in serum-free medium or vehicle for
36 h. IL-6 concentration was subsequently measured using ELISA. In
comparison with levels measured before the infusion of midazolam for
48 h, concentrations of all cytokines decreased, with the differences in
IL-1B, IL-8, and TNF-a concentrations reaching significance (all P <
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0.05). Midazolam significantly suppressed the IL-1p-induced release of
IL-6 inrat C6 glioma cells. This inhibition was concentration-dependent
between 0.3 and 3 puM, with 3 pM concentration of midazolam
decreasing the IL-1B-induced release of IL-6 by 43.58%. Midazolam
can significantly inhibit the release of cytokines in pediatric patients
after surgery. One of the mechanisms may be the inhibition of IL-1p-
induced release of IL-6 in the central nervous system.
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INTRODUCTION

Midazolam is a drug belonging to the benzodiazepine family. It is used for premedica-
tion before the induction of anesthesia, in the induction and maintenance of general anesthesia,
and to achieve conscious-sedation during diagnostic or therapeutic procedures (Olkkola and
Ahonen, 2008). Previous studies have shown that midazolam can affect the immune function
in elderly, critically ill patients (Helmy and Al-Attiyah, 2001). There are two types of benzo-
diazepine receptors: the central type benzodiazepine receptors (CBRs), which are coupled to
the GABA, inotropic receptors, and peripheral type benzodiazepine receptors (PBRs), which
are not coupled to GABA, (Casellas et al., 2002; Weissman and Raveh, 2003). Although mid-
azolam was shown to bind and activate both CBRs and PBRs (Matsumoto et al., 1994), the
sedative and hypnotic effects of midazolam are mediated through its action on neuronal CBRs
(Helmy and Al-Attiyah, 2001; Casellas et al., 2002; Olkkola and Ahonen, 2008), which are
expressed only in the central nervous system (Casellas et al., 2002). The expression of CBRs
coupled to GABA, receptors on astrocytes was shown to be altered in cell maturation, dif-
ferentiation, and activation (Tateishi et al., 2006). While the expression of PBRs in the normal
human brain is very low, the expression in astrocytes and microglial cells is increased upon
glial activation in inflammation, brain injury, neurodegeneration, and neuroglioma (Casellas
et al., 2002; Weissman and Raveh, 2003). C6 cells are derived from rat glioma cells, which
express both PBRs and CBRs (Starosta-Rubinstein et al., 1987). These cells are therefore suit-
able for studying the function of PBRs in astrocytes.

Animal studies have shown that midazolam can improve neuronal recovery after hy-
poxia and ischemia (Lei et al., 2009). Cytokines, particularly interleukin (IL)-1p and tumor
necrosis factor (TNF), can activate the immune system and further aggravate brain injury
(Green, 2008). Midazolam can inhibit the expression of IL-6 mRNA in human peripheral
blood mononuclear cells (Miyawaki et al., 2001), and suppress the lipopolysaccharide (LPS)-
induced release of nitric oxide and TNF-a in rat microglial cells via PBRs (Wilms et al., 2003).
Therefore, we hypothesized that midazolam may play a role in the regulation of immune func-
tion in the central nervous system. However, the exact mechanism of the effect of midazolam
on the immune function in the central nervous system remains unclear.

Under physiological conditions, IL-1p and pro-inflammatory cytokines are expressed
at low levels in the central nervous system (Gibson et al., 2004; Allan et al., 2005; Simi et al.,
2007). IL-1 plays a role in the physiological processes involved in sleep and synaptic plasticity
(Allan et al., 2005). In traumatic brain injury, stroke, and neurodegenerative diseases, IL-1p
levels in cerebrospinal fluids are increased (Allan et al., 2005). IL-1p can induce the microglia
and astrocytes to produce other cytokines, such as TNF-o and IL-6 (Allan et al., 2005; Simi
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et al., 2007). A previous study in C6 glioma cells found that IL-1 significantly increases I1L-6
synthesis (Tanabe et al., 2010). Our current study therefore aimed to investigate the effect of
midazolam on the immune function in pediatric patients and its possible mechanism.

METHODS
Study subjects and grouping

Patients in the Pediatric Surgery Department of our hospital who needed sedation treat-
ment for more than 2 consecutive days after surgery were selected for potential participation.
A total of 56 patients, aged 5-14 years, were recruited for the study. Pediatric patients were
randomly divided into midazolam and propofol treatment groups using a random number table,
with each group having 28 patients. All patients had no medical history of epilepsy, drug abuse,
Glasgow coma scale <15 points, diseases of immune and endocrine systems, cancer, chronic
inflammation, or severe kidney or liver disease. Additionally, we excluded patients who were
receiving steroids or drugs affecting the immune system. The study had been approved by Hu-
man Subjects Research Committee of Children’s Hospital of Zhengzhou.

Medication administration

In the midazolam group, patients were first intravenously administered 0.05-0.08 mg/kg
midazolam (Jiangsu Nhwa Pharmaceutical Group Co., Ltd., batch No. H19990027, Xuzhou, Ji-
angsu, China), followed by 0.02-0.06 mg/kg midazolam administered by continuous intravenous
infusion. In the propofol group, patients were first intravenously administered 1.5-2.0 mg/kg
propofol (XiAn LiBang Pharmaceutical Co., Ltd., batch No. H20010368, XiAn, Shanxi, China),
followed by 0.5-1.5 mg/kg midazolam administered by continuous intravenous infused. The
actual amount of propofol or midazolam administered per hour was recorded for each patient.
Remaining treatments were implemented in accordance with the physician’s directions.

Individual observation of cytokine levels

A sample (10 mL) of central venous blood was collected immediately before dos-
ing and 48 h following the dosing. Following centrifugation at 4°C, the separated plasma
was stored at -80°C until analysis. Plasma levels of IL-1p, IL-2, IL-6, IL- 8, TNF-a, and
interferon-y (IFN-y) were measured by ELISA.

Cell culture

C6 rat glioma cells were purchased from Cyagen Biosciences (item No. RBGC6-
30001, Guangzhou, Guangdong, China). Cells were seeded onto 35-mm (5 x 10* cells/plate)
or 90-mm (2 x 103 cells/plate) culture plates and stored at 37°C in Dulbecco’s modified
Eagle medium (DMEM) containing 10% fetal bovine serum under humid conditions with
5% CO,/95% air. Six days later, the medium was replaced with serum-free DMEM and the
cells were used for experiments after 24 hours. Cells were pretreated with a range of concen-
trations of midazolam or propofol for 60 minutes, prior to incubation with 10 ng/mL IL-1B
or vehicle for 36 hours.
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IL-6 levels

IL-1B (10 ng/mL) or vehicle was added to the serum-free medium and the cells
were cultured for 36 hours. The medium was collected and the concentration of IL-6 was
measured by ELISA.

Statistical analysis

The SPSS 19.0 software (IBM Co, Armonk, NY, USA) was used for all statistical
analyses. The #-test or analysis of variance was used for comparisons between the two treat-
ment groups. P < 0.05 was considered to be statistically significant.

RESULTS
Comparison of immune indices in patients measured before and after dosing

Before dosing, no statistically significant differences were observed in levels of stud-
ied cytokines between the patients in two treatment groups (comparison between groups, all P
>0.05). As presented in Table 1, levels of all studied cytokines were reduced after continuous
administration of midazolam for 48 hours, with significant decreases observed in IL-1p, IL-8,
and TNF-a levels, compared with the measurements obtained before dosing (P < 0.05).

In the propofol group, IL-1P, IL-8, and TNF-a levels were significantly increased
after continuous administration of propofol for 48 hours, compared to the measurements ob-
tained before dosing (P < 0.05).

Table 1. Changes in blood cytokine levels measured before and after dosing.

Concentration before dosing (ug/L) Concentration after dosing (ug/L) P
Midazolam group (N = 28) IL-1B 5.69+2.98 4.52+1.21 0.011
IL-2 1023.33 +214.78 935.07 + 182.34 0.069
IL-6 119.02 + 83.04 94.02 + 68.34 0.043
IL-8 4.53+0.92 3.99 +0.87 0.051
TNF-a 9.39+3.80 6.87 +4.01 0.035
INF-y 110.34 £ 18.92 112.80 + 14.35 0.073
Propofol group (N = 28) IL-1B 535+2.02 6.78 £ 1.09 0.020
IL-2 1018.45 +212.40 1021.34 +193.20 0.072
IL-6 115.21 £ 82.00 121.02 +72.30 0.032
IL-8 4.62 +0.89 4.02 +0.65 0.055
TNF-a 9.22+3.74 12.80 +4.21 0.020
INF-y 115.64 £ 18.20 114.56 +15.77 0.065

All results are reported as means + standard deviation. Blood cytokine levels measured before and after dosing were
compared using the #-test. P < 0.05 indicated a statistically significant difference.

Effect of midazolam on IL-1B-induced release of IL-6 in C6 cells

Previous reports indicated that IL-1f can significantly induce the expression of IL-6
mRNA in C6 glioma cells and stimulate the release of IL-6 (Wilms et al., 2003). Figure 1
presents IL-6 concentrations measured in C6 glioma cells after pretreatment with a range of
concentrations of midazolam for 60 minutes, followed by a 36-hour incubation with 10 ng/
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mL of IL-1P (the upper curve) or vehicle (the lower curve). The results show that midazolam
significantly inhibits IL-1B-induced release of IL-6, with the inhibition being concentration-
dependent between 0.3 and 3 uM (Figure 1).
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Figure 1. Concentrationsof IL-6 were measured following 60-minute pretreatment of C6 glioma cells with a
range of concentrations of midazolam and 36-hour incubation with IL-1f (10 ng/mL; upper curve) or vehicle
(lower curve). *Significantly different, compared to the single use of IL-1B, P < 0.05. Pairwise comparisons were
performed using analysis of variance.

At the highest (3 uM) concentration of midazolam, IL-1pB-induced release of IL-6 was
decreased by 43.58%.

Effect of propofol on IL-1B-induced release of IL-6 in C6 cells

Figure 2 presents the IL-6 levels measured in C6 glioma cells pretreated with a range of
concentrations of propofol for 60 minutes prior to incubation with 10 ng/mL of IL-1p (the upper
curve) or vehicle (the lower curve) for 36 hours. The results show that propofol did not signifi-
cantly inhibit IL-1f-induced release of IL-6 in the 0-10 uM concentration range (Figure 2).
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Figure 2. Concentrations of IL-6 were measured following 60-minute pretreatment of C6 glioma cells with a range
of concentrations of propofol and 36-hour incubation with 10 ng/mL of IL-1B (upper curve) or vehicle (lower
curve). Pairwise comparisons were performed using analysis of variance.

DISCUSSION

In this study, midazolam administration was found to decrease plasma levels of cytokines
in children, significantly decreasing IL-1p, IL-6, and TNF-a concentrations, while propofol ad-
ministration significantly was observed to increase the concentrations of IL-1p, IL-6, and TNF-a.
Further study found that midazolam significantly inhibits IL-1p-induced release of IL-6 in rat C6
glioma cells, while propofol elicits no significant effect on IL-1f-induced release of IL-6.

Benzodiazepines are known to play a role in the regulation of the immune system
(Miyawaki et al., 2001; Casellas et al., 2002; Wilms et al., 2003). Midazolam, a drug belong-
ing to the benzodiazepine family, is commonly used in clinics and can inhibit the immune
function. Previous studies have found that the prolonged intravenous administration of mid-
azolam (more than 48 hours of continuous medication) can significantly affect the immune
function in elderly patients after surgery and inhibit the production of IL-1p, IL-6, and TNF-a.
Conversely, propofol, another commonly used sedative drug, promotes the productions of
IL-1B, IL-6, and TNF-a. It is widely perceived that the immunological parameters should be
monitored in patients who are aged, physically weak, or immunocompromised while undergo-
ing treatment with midazolam (Helmy and Al-Attiyah, 2001). A study performed in pediatric
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patients following continuous intravenous administration of midazolam after surgery found a
trend towards a decrease in immunological indices 48 hours after treatment, compared with
the measurements before treatment, with significant decreases observed in levels of IL-1f, IL-
6, and TNF-a. The finding of this study, that IL-1p, IL-6, and TNF-a levels are significantly in-
creased in propofol-treated patients, is consistent with the results of previous studies (Tanabe
et al., 2010). To further clarify the effect of midazolam on the above-mentioned cytokines and
the mechanism of its action, we investigated the effects of midazolam and propofol on IL-1[3-
induced release of IL-6 in rat C6 glioma cells.

Previous studies have found that midazolam inhibits the expression of IL-6 mRNA
in human peripheral blood mononuclear cells (Miyawaki et al., 2001), and inhibits the LPS-
induced release of nitric oxide and TNF-a in rat microglial cells via PBRs (Wilms et al., 2003).
In patients with traumatic brain injury, stroke, and neurodegenerative diseases, [L-1p levels
are elevated in the cerebrospinal fluid (Allan et al., 2005). High levels of brain IL-1f after
acute injury are found in the microglial cells, with astrocytes also producing IL-1p (Gibson et
al., 2004; Allan et al., 2005; Simi et al., 2007). IL-1P can induce the microglia and astrocytes
to produce other cytokines, such as TNF-a and IL-6 (Allan et al., 2005; Simi et al., 2007).
Previously study performed has found that IL-1f can significantly induce the synthesis of IL-6
in C6 glioma cells (Tanabe et al., 2010). The results of the same study also suggest that IL-1f3
significantly induces the expression of IL-6 mRNA and stimulates the release of IL-6 in C6
glioma cells (Tanabe et al., 2010). Our current study shows that midazolam can significantly
inhibit IL-1B-induced release of IL-6 in rat C6 glioma cells. The inhibitory effect was concen-
tration-dependent between 0.3 and 3 pM concentrations, with 3 uM midazolam concentration
decreasing the IL-1B-induced release of IL-6 by 43.58%. Conversely, propofol elicited no sig-
nificant effect on IL-1B-induced release of IL-6. These results, combined with the mentioned
clinical findings, demonstrate that midazolam inhibits the release of cytokines, and suggest
that the inhibition of the IL-1B-induced release of IL-6 in the central nervous system may be
one of the possible mechanisms of action.

CONCLUSIONS

In summary, this study demonstrates that prolonged intravenous administration of
midazolam (more than 48 hours) in pediatric patients after surgery has an inhibiting effect on
the release of cytokines, with the inhibition of the IL-1-induced release of IL-6 in the central
nervous system being one possible mechanism of action. These findings have a vital signifi-
cance, with implications that could guide future clinical applications of midazolam.
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