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Oral carbohydrate solution cause an inflammatory response
when aspirated into the lungs in mice
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Abstract

Purpose Many studies have been published on the beneficial effects of oral carbohydrate solutions (OCS) administered prior
to surgery. However, the risk of pulmonary aspiration cannot be excluded in all patients undergoing anesthesia. But, there
are few studies on the safety of OCS at lung aspiration.

Methods Experiments were conducted with mice (Nine- to ten-week-old male BALB/c mice weighted 23-26 g). Lung
aspiration was performed by intratracheal administration of OCS and its major constituents, fructose and maltodextrin.
Bronchoalveolar lavage fluid (BALF) was collected 3 and 24 h after lung aspiration. The level of Tumor necrosis factor-a
(TNF-a), interleukin-6 (IL-6) and macrophage inflammatory protein-2 (MIP-2) were measured in BALF. The total white
blood cell, neutrophil counts, wet to dry ratio and histological examination were performed in BALF and lung tissue, respec-
tively, at 24 h after aspiration.

Results The OCS increased the level of TNF-a, IL-6 and MIP-2 at 3 h and the neutrophil count at 24 h in BALFs, com-
pared to a phosphate-buffered saline (PBS) group. The increase in IL-6 level induced by OCS was maintained for 24 h. The
OCS also increased the number of white blood cells and the percentage of neutrophils in BALFs. Compared to fructose,
maltodextrin significantly increased the production of MIP-2 in BALFs. OCS and maltodextrin also increased neutrophil
recruitment in lung tissue.

Conclusion Aspiration of OCS may cause inflammation of the lungs. The preoperative use of OCS may require caution
under specific clinical conditions, such as patients at risk of lung aspiration.
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Introduction Surgery (ERAS) programs attempted to reduce insulin

resistance through preoperative oral carbohydrate loading

Pre-operative fasting is performed to reduce the incidence of
aspiration pneumonia due to reflux of gastric contents dur-
ing anesthesia [1, 2]. However, this leads to thirst, hunger,
and metabolic disturbances such as glucose intolerance, in
the fasting patient [3]. Recently, Enhanced Recovery After
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[4]. Oral carbohydrate solution (OCS) ingestion prior to sur-
gery can reduce the inconvenience to the patient, enhance
postoperative recovery and shorten the hospital stay [5-7].

OCS consists of water and nutritional substances, such as
carbohydrates and amino acids. The composition and type of
nutrients affect the gastric emptying time. For example, the
gastric emptying time for OCS containing the only carbohy-
drate is faster than that of OCS containing amino acids [8,
9]. The concentration and total amount of carbohydrates in
OCS also affect gastric emptying [10]. Recent studies show-
ing that complex carbohydrates can improve insulin resist-
ance suggest that OCS containing complex carbohydrates is
more suitable for preoperative carbohydrate loading than an
OCS containing only simple carbohydrate [11, 12]. Based on
these results, the commercialized OCS is a mixture of simple
sugar and complex carbohydrate. However, few studies have
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reported that complex carbohydrates improve postoperative
outcomes compared to simple carbohydrates.

Aspiration pneumonia is a serious complication of gen-
eral anesthesia with a mortality rate of 5% [13]. However,
a previous study has reported that OCS administered 4 h
before surgery did not develop aspiration pneumonitis [14].
The gastric emptying time is influenced by several factors
associated with surgery and anesthesia [15]. Gastric emp-
tying time can be delayed by medical conditions, such as
diabetes mellitus and intestinal obstruction, as well as by
opioid use. In addition, the stomach may remain full after the
recommended fasting time up to 2% in patients despite there
was no reason to delay gastric emptying [16]. These results
suggest that there is a possibility that the OCS administered
before surgery may cause lung aspiration in specific clinical
conditions. However, there were few studies on the safety of
the OCS aspirated to the lung. Therefore, we investigated the
effect of the constituents of OCS on pulmonary inflamma-
tion following aspiration into the lungs.

Methods

All animal experiments were approved with the institutional
Animal Care and Use Committee (CNU IACUC-H-2017-14)
protocols. Nine to ten-week old male BALB/c mice
(23-26 g) were purchased from Samtako Science (Daejeon,
Korea). The mice were housed in a temperature-controlled
facility (22 +2 °C) and maintained under a 12/12 h light/
dark cycle with ad libitum access to food and water for at
least 3 days.

Materials

A commercially available OCS (12.8 g/100 mL maltodex-
trin, 2 g/100 mL fructose, No-NPO®; Daesang Wellife,
Seoul, South Korea) was used. Maltodextrin and fructose
were purchased from Sigma Aldrich (St. Louis, MO).

Experiment protocol

The first experiment was conducted to investigate if OCS
aspirated to the lungs causes inflammation. Mice were ran-
domly allocated to one of three groups: sham (tracheal expo-
sure only), phosphate-buffered saline (PBS; PBS aspiration)
and OCS (OCS aspiration). The mice are anesthetized by
intraperitoneal of ketamine (80 mg/kg) and dexmedetomi-
dine (0.5 mg/kg). The depth of anesthesia was confirmed by
pinching the paw using tweezers. The mice were fixed in the
supine position on a heating pad maintained at 38 °C. The
trachea was exposed by performing a sterile surgical proce-
dure. The exposed trachea was slowly injected with 80 pL.
of PBS or OCS using a 1 mL subcutaneous syringe with

a 31- gauge 5/16-inch needle. Next, the skin was sutured,
the mice were returned to their cages until awakening. The
second experiment was conducted to determine which com-
ponents of OCS is the main inflammatory inducer. OCS
consists mainly of simple carbohydrates such as fructose
and complex carbohydrate such as maltodextrin [17]. Mice
were randomly allocated (n =6 mice per group) to fructose
group and maltodextrin group. Fructose and maltodextrin
solutions were prepared at the same concentration as per
the OCS. In the third experiment, aspirated solutions were
calibrated to have a pH 1.8 similar to that of gastric juice,
like the clinical situation. The pH of the solutions before
titration was OCS =4.67, PBS =7.28, maltodextrin 6.68,
and fructose =7.26, respectively. 80 pL of each experimental
solution calibrated to a pH of 1.8 +0.05 using hydrochloric
acid was aspirated into mice (n=6 per group). The pH was
measured using a pH meter (FiveEasy™ F20-Std-Kit, Met-
tler Toledo).

Harvest of bronchoalveolar lavage

Bronchoalveolar lavage fluids (BALFs) were sampled 3 or
24 h after thracheal injection. Next, 1 mL of PBS (pH 7.2)
were instilled and gently aspirated three times. The fluid
recovery rate was > 80%. Total cell counts in the BALFs
were measured with a hemocytometer after red blood cell
lysis. Next, BALFs were stained with Wright—-Giemsa to
determine the percentage of neutrophil.

Enzyme-linked immunosorbent assay of cytokines

The BALF was centrifuged at 1000 Xg for 10 min (CF-RD,
Sakura, Tokyo, Japan) at 4 °C to remove the cells. The cell-
free supernatant was stored at — 80 °C for measurement of
the tumor necrosis factor-o (DY410), interleukin-6 (DY406),
and macrophage inflammatory protein-2 (DY452) levels by
enzyme-linked immunosorbent assay (ELISA), using Duo-
Set kits obtained from R&D Systems (Minneapolis, MN,
USA) according to the manufacturer’s instructions. The opti-
cal density of each sample were determined using a micro-
plate reader (Tecan™ Infinite M200) set to 450 nm. Each
sample were analyzed in duplicate and the average values
were used.

Harvest of lung tissue

Mice were sacrificed 24 h after injection and the lungs were
fixed with formalin (5%) at a pressure of 20 cm H,O by
tracheal administration. The left lung of each mouse was
embedded in paraffin, sectioned to a thickness of 5 pm, and
stained with hematoxylin and eosin (H&E).
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Lung injury histology score

The lung injury scores were calculated by a pathologist
blinded to the experimental design. The histologic score of
each slide was measured using the lung injury scoring sys-
tem recommended by the American Thoracic Society [18].

Wet to Dry lung weight ratio

Pulmonary edema due to the aspirated solution was con-
firmed using the wet and dry ratio of the lung tissue. After
collecting the lung tissue on both sides, the blood on the
surface was removed and the weight was measured imme-
diately. The lung tissue was dried in a 60 °C oven for 7 days
and the dry weight was measured. The Wet to Dry ratio was
calculated using the wet and dry weights.

Statistical analysis

Data are expressed as mean + standard error of the mean
(SEM). The Kolmogorov—Smirnov test was used to deter-
mine whether the data were normally distributed. Statisti-
cal significance was evaluated by Student’s 7-test and one-
way analysis of variance (ANOVA) with Bonferoni’s post
hoc test, for comparison of two and more than two groups.
The Kruskal-Wallis H-test and Bonferroni-corrected

Mann—Whitney U tests were used. A value of P <0.05 were
considered statistically significant. Statistical analysis was
performed using SPSS software (version 20.0.0; IBM Corp,
Armonk, NY).

Results

OCS increases the inflammatory response
when aspirated into the lungs

We determined whether OCS could affect the expression of
an inflammatory mediator such as tumor necrosis factor-o
(TNF-), interleukin-6 (IL-6) and macrophage inflammatory
protein-2 (MIP-2) following aspiration into the lungs. OCS
increased level of TNF-a, IL-6 and MIP-2 in BALFs 3 h
after aspiration into the lung when compared to PBS group
(Fig. la—c). The increase in the IL-6 level was maintained
even after 24 h in the OCS group (Fig. 1d-f). Because the
accumulation of neutrophils in the alveolar space and lung
interstitium is prominent after 24 h administration lipopoly-
saccharide into the lungs [19, 20], we investigated the effect
of OCS on neutrophil recruitment to the alveolar space 24 h
after its administration. The administration of OCS into the
lungs resulted in significant increases in the total number of
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Fig. 1 Effect of oral carbohydrate solution (OCS) on the bronchoal-
veolar lavage fluid (BALF) levels of tumor necrosis factor-a (TNF-
a), interleukin-6 (IL-6), and macrophage inflammatory protein-2
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cells and the percentage of neutrophils in BALFs, compared
to the sham or PBS group (Fig. 2).

Maltodextrin is responsible for neutrophil
recruitment to the lung

Because OCS led to significant neutrophil infiltration in
the alveolar space (Fig. 2), we determined which compo-
nents of OCS induced significant infiltration of the alveo-
lar wall and lung parenchyma. There was no significant
difference between the fructose and maltodextrin in the

level of TNF- o and IL-6 in BALFs 3 h after administra-
tion to lung (Fig. 3a-b). However, maltodextrin signifi-
cantly increased the level of MIP-2 in BALFs 3 h after
administration to the lung, compared to fructose (Fig. 3c).
But, there was no statistical difference in the level of TNF-
a, IL-6 and MIP-2 in BALFs between the two groups 24 h
after lung aspiration (Fig. 3d, e). Light microscopy showed
greater infiltration of the neutrophils in the alveolar wall
and pulmonary interstitium in the OCS and maltodextrin
group compared to PBS group. The lung injury score was
also higher in the OCS and maltodextrin group compared
to PBS group (Fig. 4).
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Fig.3 BALF levels of TNF-a, IL-6, and MIP-2 at 3 h (a, b, ¢) and 24 h (d, e, f) after administration of fructose (FRU), and maltodextrin (MTD)

into the lung. Data are mean + SEM (n=6). *P <0.05
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Fig.4 Microscopic findings and Lung injury scores. Histologic
examination (H-E staining, original magnification X 200) of the lung
was performed 24 h after administration of PBS, OCS, fructose, and

OCS also plays a major role in increasing
the inflammatory responses when aspirated
with hydrochloric acid

PBS or OCS combined with hydrochloric acid to a pH 1.8
similar to the upper range of typical gastric contents were
injected into the lungs in mice. Even when the pH of PBS or
OCS were calibrated similarly to that of the gastric content,
OCS increased level of TNF-«, IL-6 and MIP-2 in BALFs
3 h after aspiration into the lung when compared to PBS
group (Fig. 5a—c). In addition, wet to dry lung weight ratio
also increased in the OCS group compared to the PBS group
(Fig. 5d). Next, maltodextrin, whose pH was calibrated to
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Fig.5 Effect of OCS with hydrochloric acid (a, b, ¢, d), fructose
(FRU) and maltodextrin (MTD) with hydrochloric acid (e, f, g) on
the levels of TNF-a, IL-6, and MIP-2 in bronchoalveolar lavage fluid
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be similar to gastric acid, significantly increased the level
of MIP-2 in BALFs 3 h after administration to the lung,
compared to the pH-corrected fructose (Fig. 5g). But, there
was no statistical difference in the level of TNF-a and IL-6
in BALFs (Fig. Se, f), consistent with the above findings
(Fig. 3a—c).

Discussion
In the present study, we found that OCS increased the

level of inflammatory mediators, such as TNF-a, IL-6 and
MIP-2 in BALF and the severity of lung injury following
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aspiration to the lungs. In addition, OCS further increased
the production of inflammatory mediators in BALF even
when administered with acid to the lungs, and exacerbated
acid aspiration-induced lung injury, as evidenced by the
increase in the wet/dry weight lung ratio. Although there
are no reports of aspiration pneumonia due to preoperative
OCS administration, the result of the present study shows
that OCS may cause inflammation when aspirated to the
lungs [1, 21]. Aspiration pneumonia may be thought to occur
only when the stomach is full, but it also occurs when there
are small contents in the stomach. Stimulation like airway
manipulation during light anesthesia can induce active vom-
iting or gastro-esophageal reflux episodes independent of
the volume of gastric contents [22, 23]. Micro-aspiration
may occur even in patients with endotracheal intubation [24,
25]. Therefore, in patients undergoing general anesthesia,
the possibility of occurrence of aspiration into the lungs
should not be excluded.

Carbohydrate loading aims to reduce insulin resistance
induced by metabolic stress arising from fasting and sur-
gery. In the early days of introducing the concept of carbo-
hydrate loading to reduce insulin resistance, glucose and
insulin were injected intravenously. Recently, however, this
has been superseded by oral carbohydrate administration,
which is a more physiological method [26]. Early OCS used
only glucose as a carbohydrate. But, recently introduced
OCSs comprise not only simple sugars, such as fructose,
but also complex carbohydrates, such as maltodextrin [27,
28]. Maltodextrin can be enzymatically derived from any
source of starch, including potato and corn [29]. The advan-
tage of maltodextrin is that it is more soluble than starch,
has a lower osmotic pressure, and is rapidly hydrolyzed in
the intestines [17]. Glucose polymers such as maltodextrin
stimulate water absorption in patients with short bowel syn-
drome, and in patients suffering from diarrhea [30]. The
ratio of fructose to maltodextrin affects stomach fullness,
abdominal cramping, and nausea [31].

In the present study, OCS increased the levels of inflam-
matory mediators, such as TNF-a, IL-6 and MIP-2, and
the numbers of white blood cells and neutrophils in BALF.
These results suggest that OCS, when aspirated into the
lungs, exacerbates the inflammatory response in patients
at high risk of lung aspiration. Interestingly, maltodextrin,
a component of OCS, significantly increased the level of
MIP-2 in BALFs and neutrophils infiltration in the alveo-
lar wall and pulmonary interstitium compared to fructose.
However, there was no significant difference in the level
of TNF-a or IL-6 between the two groups. Neutrophils are
recruited to sites of inflammation and play an important
role in lung injury [32]. CXC chemokines, such as IL-8
and MIP-2 (murine IL-8 homologues), play an important
role in neutrophil recruitment to sites of inflammation [33].
TNF-a also promotes neutrophil recruitment to sites of

inflammation through interaction with MIP-2 [34]. These
results showing that maltodextrin increases TNF-a and
MIP-2 simultaneously suggest that maltodextrin is respon-
sible for the recruitment of neutrophils into the alveoli by
OCS, as well as subsequent histological changes.

Preoperative fasting is essential to prevent aspiration of
gastric contents during induction and recovery of general
anesthesia. However, prolonged fasting is uncomfortable
for patients [35], and together with surgical stress, can lead
to protein catabolism and insulin resistance [3, 26]. The
metabolic changes induced by preoperative fasting worsen
the prognosis in terms of the length of hospital stay and
postoperative infection [36]. Recent NPO guidelines have
changed such that preoperative clear fluid intake even 2 h
prior to surgery is considered safe with no pulmonary aspira-
tion [1, 21]. However, finding that maltodextrin may cause
lung injury suggest that attention should be paid to the use
of OCS in patients whose gastric emptying time may be pro-
longed, such as diabetes or morbid obesity, and that the use
of OCS containing maltodextrin may be avoided, especially
in patients at risk of lung aspiration.

This study has the following limitations. First, we found
that oral carbohydrate solution causes inflammation when
aspirated into the lungs, but we could not disclose the detail
mechanism. Second, since this study was conducted on mice,
it is limited to apply to humans. In addition, it is different
from clinical situations by inducing aspiration by injecting
it directly into the lung. Third, it is known that the presence
or absence of particles as well as the pH and volume of the
gastric contents are critical factors affecting the severity of
aspiration pneumonia. However, the effect of particles in this
experiment has not been studied.

In conclusion, oral carbohydrate loading solutions cause
an inflammatory response when aspirated into the lungs.
Therefore, oral carbohydrate loading solutions, especially
those containing maltodextrin, should be used with caution
for patients at potential risk of lung aspiration.
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