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Abstract

Background: Glutamine, a non-essential amino acid, has recently been used in clinical care to
enhance recovery after surgery or trauma. It has also been reported to have beneficial effects
on glycaemic control in diabetic patients, while rodent studies suggest that it may reduce body
weight and lessen hyperglycaemia.

Objective: The present study aimed to investigate the effects of daily supplementation of
glutamine to high fat diet and to assess this in a mouse model with abnormal feeding behaviour:
the Snord116 knockout mouse.

Research methods: Adult male C57BL/6 mice and mice with deletion of the Snordl16 gene
cluster (implicated in Prader-Willi syndrome) were given ad libitum access to HFD for 12 weeks.
Mice of both genotypes were randomly assigned to either the treatment or non-treatment group.
Animals were supplemented with glutamine in food (40 mg/g HFD). Body weight was monitored
weekly. Spontaneous and fasting-induced food intake, glucose tolerance and insulin sensitivity,
energy expenditure and body composition were assessed between 14 and 18 weeks of age.

Results: Glutamine treatment did not attenuate the development of HFD-induced obesity in
either WT or Snordl116 knockout mice, with treatment and non-treatment groups within
genotypes gaining weight at a similar rate during the monitoring period. There was also no
difference between treatment groups within genotypes in food intake, glucose tolerance, insulin
tolerance, energy expenditure or adiposity.

Conclusion: Our results did not find evidence that would support beneficial metabolic effects of
glutamine when administered daily; either in WT or Snord116 knockout mice fed a HFD.
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Introduction vitro, glutamine potently stimulates glucagon-like peptide 1
(GLP-1)release [12,13]. Given that the GLP-1 agonist exenatide
has been shown to augment postprandial satiety in adults with
Prader-Willi syndrome (PWS) [14], it is possible that glutamine,
in its role as GLP-1 secretagogue, could have a similar effect,
inducing weight loss via reduced food intake [15]. A recent
pilot study found that 4 weeks of daily supplementation of
glutamine (0.5 g/Kg BW/day) was associated with weight loss
and reduced waist circumference in obese women, compared
to supplementation with an isonitrogenous protein supplement
[16]. One previous mouse study showed that mice on a high fat
diet (HFD) with glutamine supplementation gained less weight
than those given HFD alone [17], although another study was
not able to detect any effect on body composition of glutamine

Glutamine is a conditionally essential amino acid, in that its
endogenous production is sufficient in times of health, but its
depletion during catabolic stress states requires supplementation
from an external source [1,2]. Glutamine is highly abundant in
muscle, plasma and milk and has a role in several physiological
processes, including glucose homeostasis, protein anabolism
and acid-base regulation [3-5].

Inrecent years, the addition of glutamine to enteral and parenteral
nutrition has become common in critical care. Glutamine’s
efficacy in aiding recovery after trauma or surgery has been
documented, with its use associated with reduced mortality
and reduced length of hospital stay when given to patients in

intensive care as reviewed in [6,7], though more recent studies
have disputed these effects [8,9]. In addition, glutamine was
suggested to improve gut immune function [10,11]. But while
the potential benefits of glutamine administration have been
studied in the context of critical care, less is known about its
effects during long-term supplementation. In humans and in
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supplementation in early-weaned mice [18].

Snordl16, in a paternally imprinted region on chromosome
15 (q11.2-13), has been reported as a potent genetic candidate
for PWS, as the lack of this gene causes extreme food-seeking
behaviour and hyperphagia in humans and mice [19-25]. To
better assess the effects of daily oral glutamine supplementation
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of HFD on body weight, food intake and energy metabolism
we chose to compare a mouse model with normal feeding
behaviour (wild type) and one with hyperphagia (Snordl16™"
mice) [24,26,27].

Materials and Methods
Generation of Snord116 - mice

A general chromosome-engineering technique was used to
generate the ubiquitous deletion of the imprinted Snord116 C/D
box gene cluster [22,24].

Animal experiments

The Snordl16Del mouse strain (C57BL/6(Cg)-Snord116™V%/J;
Stock No: 008118), was obtained from Jackson Laboratory (Bar
Harbor, ME, USA). Experimental animals were bred at ABR
(Australian BioResources Pty Itd., Moss Vale, NSW, Australia)
and transferred to the testing facility of the Garvan Institute of
Medical Research (Darlinghurst, NSW, Australia) at the age
of 5 weeks. All animal care and procedures were approved
by the Garvan/St. Vincent’s Animal Ethics Committee and
were conducted in accordance with relevant guidelines and
regulations.

Animals were housed under controlled conditions with a
light cycle of 12 hours (lights on between 7:00 and 19:00)
at an average room temperature of 22°C. The oxygen supply
was guaranteed by a specific ventilation system supplying
fresh air to the cages. The holding cages contained a
standardised environment of spreadable bedding, a paper roll
and a dome. Unless otherwise stated, animals had ad libitum
access to water out of a sealed bag through a valve in the
cage (hydropac/lab products, Seaford, DE, USA) and their
assigned diet.

From the age of 6 weeks, mice in the wild type (WT) (n=9 to
11 per group) as well as Snordl16 * control groups (n=7 to 8
per group) were fed with HFD providing 59% of calories from
lipid, 15% of calories from protein and the remaining 26% of
calories from carbohydrate (5.4 kcal/g, Specialty Feeds, Glen
Forrest, WA, Australia). The access to HFD lasted during the
experimental period. The treatment groups of both genotypes
received glutamine supplementation in HFD at a concentration of
40 mg/g HFD (Glutamine 5000, General Nutrition Corporation,
Pittsburg, PA, USA), which was used in previously in this
concentration [28] and is representative of the human diet [16].
The phenotypic study commenced 8 weeks after the diet started.
Sufficient time was given for the animals to recover between
tests. The time line of the experimental design was shown in
Figure 1.
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Body weight and composition

Body weight was monitored weekly. To determine total fat
and total lean body mass, animals underwent dual X-ray
absorptiometry (DXA) (Lunar PIXImus2, GE Medical Systems,
Madison, WI, USA) dorsal side down. DXA analysis was
performed before HFD feeding (at the age of 6 weeks) and after
HFD feeding (at the age of 18 weeks) to determine the alteration
in body composition. Animals were anaesthetised by inhalation
of 2.5% isoflurane (IsoFlo™, Abbott Laboratories, Abbott Park,
IL, USA) in oxygen. The head and the tail were excluded from
analysis.

Food intake

Food intake was measured at the age of 14 weeks (8 weeks
on HFD) both under non-fasted conditions (spontaneous food
intake) and in response to an overnight fast (fasting-induced
food intake). Mice were individually housed for three days
and fed their assigned diet in powdered form to acclimatise
to experimental conditions. They were then transferred to
individual specialised Nalgene metabolic chambers (Medtex,
Notting Hill, VIC) and given ad libitum access to powdered diet.
Food spillage, water spillage, faeces and urine were collected
into discrete compartments. Body weight and hopper weight
were recorded over three consecutive days, and food consumed
(i.e., food given minus food remaining) was calculated.

To determine the effect of fasting on food intake, animals’ food
was removed at 5:00pm on the day before the experiment. Food
was given at 9:00am the following day and food intake was
measured at 1, 2, 4, 8, 24, 48 and 72 hours after reintroduction
of food.

Glucose homeostasis

Insulin tolerance tests (ITT) and glucose tolerance tests (GTT)
were measured at the age of 15-16 weeks. Animals were fasted
for five hours prior to the tests. For ITT, an insulin solution
containing 0.1 IU/mL was prepared by diluting the stock solution
(100 TU/mL, Actrapid® Penfill®, Novo Nordisk, Baulkham
Hills, NSW, Australia) with sterile 0.9% saline (Astra Zeneca
Pty Itd., North Ryde, NSW, Australia). Animals were injected
intraperitoneally with insulin solution at a dosage of 0.75 pU/g
body weight. Glucose levels were assessed at baseline and
15, 30, 60 and 90 minutes after insulin administration with
Accu-chek® Go glucometer (Model GS, Roche, Mannheim,
Germany) in tail blood. For GTT, a 10% glucose solution for
injection was prepared by diluting a sterile solution of 50% w/v
glucose (Pharmalab, Lane Cove, NSW, Australia) with sterile
physiological saline. Glucose was injected intraperitoneally at
a dose of 1 mg/kg body weight in a volume of 10 puL/g body
weight and blood glucose levels were assessed as for ITT.
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Figure 1. Experimental design and time course of study.
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Indirect calorimetry

Energy expenditure and substrate utilisation were measured
at 17 weeks (11 weeks on HFD) by indirect calorimetry using
an eight-chamber open-circuit calorimeter (Oxymax Series;
Columbus Instruments, OH, USA). Locomotor activity was
also determined in these chambers using an OPTO-M3 sensor
system (Columbus Instruments). An airflow rate of 0.6 L/min
was maintained and mice were acclimatised to chambers for 24
hours before the beginning of recording. Oxygen consumption
(VO,) and carbon dioxide production (VCO,) were measured
and respiratory exchange ratio (RER) was calculated as VCO,/
VO,. Energy expenditure (kCal) was calculated as calorific value
(CV)xVO,, where CV =3.815+1.232 x RER. Physical activity
was assessed as ambulatory counts, i.e., consecutive beam
breaks in the X and Y horizontal dimensions. Data collected for
the metabolic parameters in the 24-hour measurement period
were expressed as hourly averages and physical activity data
were presented as hourly sums. The calorimeter was maintained
with monthly calibration using highly pure primary O, and CO,
standards.

Statistical analysis

Analyses were performed and figures were prepared using
GraphPad Prism software (version 6.0, GraphPad software,
San Diego, CA). Treatment groups were compared within each
genotype (i.e., WT vs. WT-glutamine; Snord116 - vs. Snord116
-glutamine). Time course analyses (body weight curves,
fasting-induced food intake, ITT and GTT glucose curves,
energy expenditure, RER and physical activity) were performed
using two-way ANOVA for repeated measures. Multiple
parameter analyses (delta fat mass and lean mass, individual
adipose tissue masses) were performed by multiple t-tests,
correcting for multiple comparisons using the Holm-Sidak
method. Differences in individual parameters (spontaneous food
intake and area under the curve for glucose, energy expenditure,
RER and physical activity) were performed by t-tests. Data are
expressed as mean + standard error of the mean. A p value <
0.05 was considered statistically significant.

Results
Body weight

WT mice on HFD with and without glutamine supplementation
gained body weight between 6 and 18 weeks of age, with no
difference between treatment groups in amount or rate of weight
gained (Figure 2A). Similarly, Snordl16 -~ mice gained weight
throughout the monitoring period, with no difference between
mice on HFD with or without glutamine (Figure 2B).

Body composition

In order to assess changes in fat mass and lean mass throughout
the monitoring period, body composition was determined by
DXA at the commencement of HFD treatment and at 18 weeks
of age. All treatment groups exhibited an increase in fat mass as
a percentage of body weight between the two time points, along
with reduced lean mass as a percentage of body weight (Figures
2C and 2D). Interestingly, these changes were of greater
magnitude in WT mice than in Snordl16” mice. However,
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no effects of glutamine supplementation on fat or lean mass
changes were seen in either genotype.

Furthermore, glutamine supplementation had no effect on
masses of excised adipose tissue deposits (Figures 2E and 2F)
or individual organs (data not shown) in either WT or Snord116
“~ mice.

Food intake

There was no difference in spontaneous or fasting-induced
food intake between WT mice with and without glutamine
supplementation (Figures 3A and 3B). As previously shown
[24], food intake is generally higher in Snord116 *~ mice
than WT, but this elevated spontaneous and fasting-induced
food intake was unaffected by glutamine supplementation in
Snordl16 - mice (Figures 3C and 3D).

Glucose homeostasis

Blood glucose levels after a 5-hour fast was similar between all
genotypes and treatment groups. During GTT, blood glucose
levels in WT mice increased from baseline and stayed elevated
throughout the 90-minute procedure, irrespective of treatment
(Figure 4A, left panel). Glucose area under the curve was
also unaffected by glutamine supplementation (Figure 4A,
right panel). Similarly, glucose levels after injection rose in
Snordl16 7~ mice and remained above fasting levels (Figure
4B, left panel). There was no difference in glucose curve or in
glucose area under the curve between Snord116 - mice treated
or untreated with glutamine (Figure 4B, right panel).

The intraperitoneal injection of insulin led to a drop in blood
glucose levels in all groups. There were no differences
within genotypes between groups with or without glutamine
supplementation, either in glucose curve or area under the curve
(Figures 4C and 4D).

Indirect calorimetry

In human studies, glutamine supplementation has been shown
to have a positive effect on energy expenditure after a meal.
To assess its effects on 24-hour energy expenditure, substrate
utilisation and physical activity in mice, indirect calorimetry
and continuous activity monitoring were performed.

All study groups displayed a diurnal pattern of energy
expenditure, with more energy expended in the dark phase than
in the light phase. Snordl16" mice showed reduced energy
expenditure compare to WT, however, no effect of glutamine
supplementation on energy expenditure was observed in either
WT or Snordl116 ”- mice, respectively (Figures 5A and 5B).

No clear diurnal pattern was discernible in respiratory exchange
ratio (RER), an indicator of fuel source and there were also no
effects of glutamine treatment in RER within each genotype
(Figures 5C and 5D).

In line with the circadian pattern of energy expenditure, physical
activity was low in the light phase and elevated in the dark phase
in all genotypes and treatment groups. There was no difference
in physical activity between mice receiving glutamine and those
not receiving it in either genotype (Figures S5E and 5F).
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Figure 2. Body weight and composition. 2a) Body weight (BW, g) as a percentage of initial BW from 6 to 18 weeks of age in untreated wildtype
(WT) mice (solid line) and WT mice supplemented with daily glutamine (WT/GlIn, broken line) on high fat diet (HFD), 2b) BW as a percentage of
initial BW from 6 to 18 weeks of age in untreated Snord116” mice (solid line) and Snordl 167 mice supplemented with daily glutamine (Snordl 16"/
Gln, dotted line) on HFD; 2¢) Changes in whole body fat mass as a percentage of BW and whole body lean mass as a percentage of BW between 6
and 18 weeks of age in WT (black bars) and WT/Gln (white bars) mice; 2d) Changes in whole body fat mass as a percentage of BW and whole body
lean mass as a percentage of BW between 6 and 18 weeks of age in Snordl 16" (black bars) and Snordl167/Gln (striped bars) mice; 2e) Masses
of excised white adipose tissue (WAT) depots (inguinal (WATi), epididymal (WATe), mesenteric (WATm) and retroperitoneal (WATr)) and brown
adipose tissue (BAT) depots at 18 weeks of age in WT (black bars) and WT/GIn (white bars) mice; 2f) Masses of excised WAT and BAT depots at
18 weeks of age in Snord1 167 (black bars) and Snordl167/Gln (striped bars) mice. WT n=9; WT/Gln n=11; Snord116" n=7; Snord116"/GIn n=8.

To further assess the effects of glutamine administration on
feeding, a murine model of hyperphagia was investigated.116 is
an imprinted gene cluster implicated in the neurodevelopmental
genetic disorder PWS in humans (characterised by hyperphagia
and endocrine dysfunction) and has the homologue Snordi16 in
mice [24]. Snordl16 knockout mice differ from WT in that they
have increased spontaneous food intake and increased fasting-

Discussion

Daily dietary glutamine supplementation had no effect on body
weight gain, body composition, food intake, energy expenditure,
and substrate oxidation and glucose homeostasis in C57Bl/6
mice. Nor did it have an influence on these parameters in a
murine model of hyperphagia, the Snordl16 knockout mouse

model on the same background.

Despite the fact that oral glutamine administration has been
shown to stimulate GLP-1 secretion in humans [13], we found
no evidence of increased satiety in mice receiving glutamine.
Total daily food intake and periodic fasting-induced food intake
were unchanged between treated and untreated WT mice.
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induced food intake [22,24,26,27]. However in the current
study, similar to WT, there was no difference in food intake
between treated and untreated Snord!16 knockout mice. It may
be that the GLP-1-secretory effects of glutamine are transient,
and that chronic administration does not produce continuously
high levels; or GLP-1 levels may increase but not to sufficient
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Figure 3. Food intake. 3a) Daily food intake (g; average of 3 days of measurement) as a percentage of body weight (BW) at 14 weeks of age in
WT (black bars) and WT/Gin (white bars) mice; 3b) Cumulative food intake as a percentage of BW measured over 48 hours after an overnight
fast (fasting-induced food intake) at 14 weeks of age in WT (black bars) and WT/Gln (white bars) mice, 3¢) Daily food intake as a percentage of
BW at 14 weeks of age in Snord116™ (black bars) and Snordl16"/Gln (striped bars) mice; 3d) Fasting-induced food intake at 14 weeks of age in
Snord116™ (black bars) and Snord1167/Gin (striped bars) mice. WT n=9; WT/GIn n=11, Snordl16"n=7, Snordl16"/Gln n=8.
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Figure 4. Glucose tolerance and insulin sensitivity. 4a) Glucose levels (mM); left panel) and glucose area under the curve (right panel) after
intraperitoneal injection of 1mg/kg glucose at 16 weeks of age in WT (solid line; black bar) and WT/Gln (broken line; white bar) mice; 4b) Glucose
levels and glucose area under the curve after intraperitoneal injection of 1mg/kg glucose at 16 weeks of age in Snord116™ (solid line; black bar)
and Snordl167/Gln (dotted line; striped bar); 4¢) Glucose levels and glucose area under the curve after intraperitoneal injection of 0.75 uU/ g
insulin at 16 weeks of age in WT (solid line; black bar) and WT/Gln (broken line; white bar) mice; 4d) Glucose levels and glucose area under the
curve after intraperitoneal injection of 0.75 uU/ g insulin at 16 weeks of age in Snord116™ (solid line; black bar) and Snord116”/GlIn (dotted line;
striped bar). WT n=9; WT/GIn n=11; Snord116" n=7; Snord116"/GIn n=8.

38 J Nutr Hum Health 2017 Volume 1 Issue 2



Citation: Bervini S, Purtell L, Aepler J, et al. Effects of glutamine supplementation on body composition, food intake and energy metabolism in

high fat fed mice. J Nutr Hum Health. 2017,1(2):34-41

A

Energy Expenditure Energy Expenditure AUC
0.7 0.6 . wr
0.6 - WT [J WT/GIn
: 0= WT/GIn
£ 05 £ 04
3 ©
g 0.4 %
= 03 =
© ©
£ 02 £ 02
0.1
[X 0.
Light phase Dark phase
RER RERAUC
1.0 1.0
- WT  WT
-o- WT/GIn [ WT/GIn
0.9 0.9
4 4
w
2.8 =3 I H I
0.7 0.7
ol o[ ]| Ml
Light phase Dark phase
Physical Activity Activity AUC
10000 6000
- WT . WT
8000 =0 WT/GIn [J WT/GIn

4000
6000

4000
2000

N
=3
S
S

Activity (x+y ambulatory counts)
Activity (x+y ambulatory counts)

<

Light phase Dark phase

Heat (kCal/h)

Energy Expenditure Energy Expenditure AUC

0.7 0.6
0.6
0.5
0.4
O'B-W
e

0.27 &

0.14

Il Snord1167-
Snord116/GIn

=« Snord116™
+a: Snord1167/GIn

Heat (kCallh)

0.0
Light phase Dark phase

RER RERAUC

=+ Snord116™
+4+ Snord116*/GIn

Il Snord1167-
Snord1167/GIn

o []1]

Light phase Dark phase

RER
b

M

Activity (x+y ambulatory counts)

Physical Activity

Activity AUC

6000
=+ Snord116™

a- Snord116™/GIn

Il Snord116”-
Snord1167/GIn
4000

2000

Activity (x+y ambulatory counts)

Light phase Dark phase

Figure 5. Indirect calorimetry and physical activity. 5a) 24-hour pattern of energy expenditure (kCal/hour; left panel; white area=light phase,
grey area=dark phase) and area under the curve (right panel) at 17 weeks of age in WT (solid line; black bar) and WT/Gln (broken line; white bar)
mice; 5b) 24-hour pattern of energy expenditure and area under the curve at 17 weeks of age in Snord116™ (solid line; black bar) and Snord116™/
Gln (dotted line; striped bar) mice; 5¢) 24-hour pattern of respiratory exchange ratio (RER) and area under the curve at 17 weeks of age in WT
(solid line; black bar) and WT/GIn (broken line; white bar) mice; 5d) 24-hour pattern of respiratory exchange ratio (RER) and area under the
curve at 17 weeks of age in Snord116™ (solid line; black bar) and Snordl16"/Gln (dotted line,; Striped bar) mice; 5e) 24-hour pattern of physical
activity (x + y ambulatory counts) and area under the curve at 17 weeks of age in WT (solid line; black bar) and WT/Gln (broken line; white bar)
mice; 5f) 24-hour pattern of physical activity (x + y ambulatory counts) and area under the curve at 17 weeks of age in Snord116™ (solid line; black
bar) and Snord1167/Gin (dotted line; striped bar) mice. WT n=9; WT/Gln n=11, Snordl116" n=7; Snordl16"/GIn n=8.

extent to have a prolonged suppressive effect on food intake.
Alternatively, this may be a human-specific effect. As GLP-1
levels cannot be determined with great accuracy in mice, this
question cannot be answered at this point.

Glutamine supplementation had no effect on fasting glycaemia
in either WT or Snord116 knockout mice. Similarly, there was
no effect of glutamine on glycaemia during insulin tolerance
or glucose tolerance tests, suggesting that glucose homeostasis
in animals on HFD is unaffected by long-term glutamine
administration and again suggesting that GLP-1 levels are not
affected.

As glutamine is involved in regulating fatty acid oxidation, it
was of interest to examine the effect of glutamine on RER, an
indicator of substrate utilisation. Although an increase in RER
could theoretically be predicted from glutamine’s known role
as an inhibitor of fatty acid oxidation, we found no difference
between treatment groups in overall 24-hour RER or in either
the light or dark phase.

A recent pilot study investigated glutamine supplementation as
a potential weight loss therapy in 6 women, with participants

J Nutr Hum Health 2017 Volume 1 Issue 2

experiencing, on average, ~2.8 kg of weight loss during the
4 week treatment period [16]. Though these results seem
promising, the fact that neither participants nor researchers
were blinded to supplement in this study highlights that further
investigations are needed to clarify the effects of this amino acid
in humans.

The results of the present study support findings from a previous
investigation into glutamine supplementation in rodents, which
did not find an effect of treatment on body composition in early-
weaned mice [18]. They did, however, differ from those of the
report of Opara et al., which observed reduced body weight and
an attenuation of hyperglycaemia in glutamine-supplemented
mice [17]. This discrepancy could possibly be explained
by the fact that mice of a different genetic background were
investigated, and/or because mice in the current study were
slightly older than those of Opara et al. at the time of testing.

Our study did not detect any positive effects of glutamine
supplementation such as weight loss, improved glycaemia or
lean body mass development [16]. Further, it also did not detect
the increased satiety (as measured by periodic food intake)
that had been hypothesised based on the GLP-1-stimulating
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property of oral glutamine. This could indicate that glutamine
is only of therapeutic use in glutamine-deficient critically ill
patients or animals. The mice in the current study, although
overweight from consuming a HFD, did not benefit from
glutamine supplementation, suggesting that glutamine may only
be important in malnutrition or stressed disease states.

Conclusion

We found no evidence for an appetite-suppressing role for
oral glutamine, either in normal or hyperphagic mice, nor did
we detect an effect of glutamine on body weight or fat mass.
Accordingly, glutamine is unlikely to be an effective anti-
appetite or weight loss candidate in either simple obesity or
Prader-Willi syndrome.
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