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Abstract

The aim of this study was to investigate the effect of activated ghrelin with dietary octanoic acids or medium-chain triglycer-
ide (MCT) administration to underweight patient with chronic obstructive pulmonary disease (COPD). Eleven severe and very
severe COPD patients received a 5-day treatment with edible MCT. Sequentially, 10 patients received a 3-week combination
treatment with MCT and intravenous acyl ghrelin. Five-day MCT treatment increased endogenous acyl ghrelin (p =0.0049),
but the total ghrelin level was unchanged. MCT—ghrelin combination treatment improved the peak oxygen uptake (p=0.0120)
during whole treatment course. This effect was attributed to the resultant improvements in cardiac function by O, pulse,
and to the difference between inspired and expired oxygen concentration rather than minute ventilation. Addition of dietary
MCT to ghrelin treatment improved the aerobic capacity of underweight COPD patients, likely by mechanisms of increased
O, delivery through improvements in primary cardiocirculatory and muscular crosstalk.
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COPD Chronic obstructive pulmonary disease

CPET Cardiopulmonary exercise testing
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MEP Maximal expiratory pressure

MIP Maximal inspiratory pressure

O, pulse V[ /HR
2
SGRQ St. George Respiratory Questionnaire
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Ve Minute ventilation

V(’)2 Oxygen uptake

Vi Tidal volume

Introduction

Reduced aerobic capacity is a hallmark that has been
related with the prognosis of patients with advanced stage
of cachectic chronic obstructive pulmonary disease (COPD)
[1, 2]. Currently, COPD is the third leading cause of death
globally [3]. Treatment strategies that target impaired aero-
bic function have been attempted to reduce the mortality, but
further developments are necessary.

Gut-brain crosstalk has been attracting attention [4].
Ghrelin [5], which was first discovered from the stomach
by Kojima and Kangawa et al. in 1999, is a 28-amino acid
peptide that has 2 forms, including des-acyl ghrelin and
acyl ghrelin; the latter is considered the major active form.
Soon after its discovery, ghrelin has been the only known
peptide hormone with orexigenic effects [6], and has vari-
ous physiologic effects [7—-11]. Subsequently, we previously
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demonstrated that 3-week administration of intravenous
acyl ghrelin alone [12] and with exercise training [13, 14]
improved the impaired aerobic capacity, and symptoms of
underweight patients with COPD.

Given that des-acyl ghrelin is converted to acyl ghrelin by
an n-octanoyl modification at serine [15], and that this modi-
fication displays a higher affinity for octanoic acid C8:0 than
for C6:0 and C10:0 [16], dietary octanoic acid C8:0 may be
presumed to produce activated ghrelin. Notably, El Khoury
et al. reported that the levels of acyl ghrelin increased soon
after consumption of high-fat, low-carbohydrate meals [17],
which are closely associated with a ketogenic diet. More
recently, Kawai et al. reported that medium-chain triglyc-
eride (MCT) supplementation increased the acyl ghrelin
levels in patients with anorexia nervosa [18]. Dietary MCT,
especially octanoic acid C8:0 might upregulate endogenous
acyl ghrelin production. Furthermore, the combined effects
of dietary octanoic acid C8:0 and intravenous acyl ghrelin
administration might benefit the underweight COPD patient.

The present study aimed to investigate the mechanism,
safety, and response to short-term administration of dietary
octanoic acid C8:0 alone and a combination therapy with
dietary octanoic acid C8:0 and intravenous ghrelin.

Materials and methods
Study design and patients

In this phase II, open-label clinical trial, underweight
patients with severe and very severe COPD received a
5-day treatment with octanoic acid: C8:0 alone, followed
by a 3-week combination treatment with octanoic acid:
C8:0 and intravenous acyl ghrelin. Recruitment of patients
was performed at a single center in the National Hospital
Organization (NHO) Osaka Toneyama Medical Center, in
Japan from October 2014 to March 2018. The study was
conducted according to the Declaration of Helsinki and the
Good Clinical Practice guidelines, and it was approved by
the ethics committees of NHO Osaka Toneyama Medical
Center (approval number, 1424). All patients gave written
informed consent.

The inclusion criteria were as follows: (1) severe to
very severe COPD [forced expiratory volume in one sec-
ond (FEV,) % <70%, and %FEV | <50%]; (2) underweight,
which was defined as a body mass index (BMI) of <21 kg/
m?); (3) in stable condition and able to tolerate cardiopul-
monary exercise testing (CPET) to ensure adequate evalua-
tion; (4) age between 20 and 85 years; and (5) provision of
a signed agreement to participate in this study. Participants
were excluded for any of the following reasons: (1) malig-
nant tumors; (2) active infection; (3) severe heart disease; (4)
hepatic failure (i.e., serum levels of aspartate transaminase
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and alanine transaminase greater than twice the upper
limits of normal); (5) renal failure (i.e., serum creatinine
concentration > 2.0 mg/dL); (6) asthma or positive airway
reversibility test; (7) pregnant or possibly pregnant; (8) on
therapy for diabetes mellitus or glycated hemoglobin >7.0;
(9) change in the drug regimen within 1 month before par-
ticipation in this study; and (10) judged by the physician to
be inadequate to participate in this study.

This study was registered with the University Hospital
Medical Information Network (UMIN) in Japan: https://
upload.umin.ac.jp/cgi-open-bin/icdr_e/ctr_view.cgi?recpt
no=R000017686, number: UMIN000015222.

Interventions

Five grams of edible oil with octanoic acid C8 (The Nisshin
QilliO Group, Ltd., Tokyo, Japan) were administered orally,
twice daily, during breakfast and lunch, for 26 days (Fig. 1).

The preparation of human ghrelin was performed with
the support from the National Cerebral and Cardiovascu-
lar Center Research Institute of Japan, as described previ-
ously [14]. Five-day treatment with MCT alone, followed by
3-week MCT-ghrelin combination treatment, were admin-
istered (Fig. 1). Synthetic human acyl ghrelin (2 pg/kg, dis-
solved in 10 mL of sterile saline) was administered intrave-
nously for 30 min twice daily, before breakfast and before
lunch; the dose was determined based on previous data [19].

The continuation therapy with MCT intake as a post-
therapy or the exercise training was not performed in the
present study.

Evaluation

Pre-treatment measurements before 5-day MCT alone, and
3-week MCT—-ghrelin combination treatment were per-
formed at “pre-treatment” as shown in Fig. 1. Effects of
5-day MCT alone were examined once, after 5-day MCT.
Effects of 3-week MCT—ghrelin combination treatment were
examined twice, at week 3 and week 7 (i.e., 4 weeks after
3-week combination treatment).

Pulmonary function tests were done, as previously
described [20, 21]. Symptom-limited exercise tests were
conducted on an electrically-braked cycle ergometer (CV-
1000SS, Lode, Groningen, The Netherlands), using a
CPET system (Marquette CASE series T 2001, GE Health-
care, Tokyo, Japan; Aero monitor AE310S, Minato Medi-
cal Science Co., Ltd, Osaka, Japan), as previously
described [21]. Incremental exercise testing, which com-
prised 2-min increments to 10 W, was performed until
patient exhaustion without encouragement, especially dur-
ing exercise. All patients were asked to keep a cycle
ergometer speed of about 60 rpm while looking at the rpm
meter. Minute ventilation (V'g), oxygen uptake (Vé)z), car-
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Fig. 1 Trial profile
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bon dioxide output (V(,:oz)’ breathing frequency (fy), tidal
volume (Vr), inspired oxygen concentration (Fig ), expired
oxygen concentration (Feg ), physiologic dead space/tidal
volume ratio (Vp/Vy), and oxygen (O,) pulse [Véz/heart

rate (HR)], were measured breath-by-breath and were col-
lected as 30-s average values at rest, during exercise at
2-min intervals, and at the end of exercise. O, pulse, which
is almost equivalent to the stroke volume, was measured
as an indicator of exertional cardiac function, because car-
diac output equals the product of stroke volume and HR.
The severity of dyspnea and intensity of leg fatigue were
evaluated by the modified Borg scale [22] at rest and dur-
ing the last 15 s of each exercise stage and at the end of
exercise. AF,, was calculated as the difference between
Fig, and Fe(, . Dual-energy X-ray absorptiometry, 6-min
walk distance test, assessment of food intake for 3 days,
and the respiratory muscle strength by the maximal inspir-
atory and expiratory pressures (MIP and MEP, respec-
tively) were performed as described previously [14].

The St. George Respiratory Questionnaire (SGRQ)
was used to assess the respiratory health status of patients
with COPD. In the present study, the validated Japanese

version of the SGRQ was used [23, 24]. The SGRQ is
a 50-item questionnaire that is divided into 3 domains:
symptoms (i.e., assessment of the frequency and severity
of respiratory symptoms); activity (i.e., assessment of the
effects of breathlessness on mobility and physical activ-
ity); and impact (i.e., assessment of the social function and
psychosocial disturbances of the disease). The items were
scored on a scale of 0-100, with higher scores reflecting
worse respiratory health status. The minimum clinically
important difference in the SGRQ was accepted as four
units [25].

Blood sampling for plasma ghrelin levels was performed
after 30 min of bed rest at 7:00 a.m., 10:00 a.m., 2:00 p.m.,
and 4:00 p.m. on the day of pre-treatment, the last day of
the 5-day MCT treatment, and the last day of the 3-week
MCT-ghrelin combination treatment. Blood sampling and
measurements of plasma ghrelin were performed (Tosoh
Co; Tokyo, Japan), as previously described [26]. Blood
sampling for plasma free fatty acid (FA) 8:0 was performed
at 10:00 a.m. on the day of pre-treatment, the last day of
the 5-day MCT treatment, and the last day of the 3-week
MCT-ghrelin combination treatment. Plasma free FA 8:0
was measured in the Faculty of Health Sciences, Hokkaido
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University, Japan, as previously described [27, 28]. Urinary
norepinephrine level was measured by 24-h collection (LSI
Medience Corporation, Tokyo, Japan).

Outcome measures
Efficacy

The primary outcomes were changes in peak Vé)z and the
SGRQ. The secondary outcomes included the changes in the
following variables: O, pulse, ventilatory equivalent for O,
(V’EN(’)2), Vp/Vr, respiratory muscle strength, body weight,
6-min walk distance, food intake, circadian changes in the
plasma acyl ghrelin level, and plasma free FA 8:0.

Safety

All participants who received at least 1 of the study treat-
ments were included in the safety analyses.

Sample size and statistical analysis

At the time of the study design, the definition of a clinically
important change after MCT—ghrelin combination treatment
was unknown. Therefore, sample size calculation was per-
formed based on the estimated effect of a 3-week ghre-
lin—pulmonary rehabilitation combination treatment on peak
Véz obtained by CPET [13]. Using a two-tailed test and an

of 0.05, a sample size of 7 was calculated to provide a 90%
power to detect a mean peak V(’)2 difference of 1.22 mL/kg/

min, with an estimated standard deviation of 0.8 mL/kg/min.
To obtain 7 evaluable participants, the total sample size was
set at 10.

The effects of the 5-day MCT treatment were exam-
ined once (i.e., after 5 days). The effects of the 3-week
MCT-ghrelin combination treatment were examined twice
during the course, particularly after 3 weeks (i.e., week 3)
and 4 weeks after its completion (i.e., week 7). The changes
in each outcome before and after the 5-day MCT treatment
were analyzed using the Wilcoxon signed rank test. The
changes in each outcome during the treatment time course
or sampling time course were analyzed using a linear mixed
effect model, considering patients as the random effect and
the treatment points or sampling points as the fixed effect.
The least squares means Tukey’s honestly significant dif-
ference test was used for the comparison of each variable
among the treatment points. A p value of <0.05 was consid-
ered significant. Statistical analyses were performed using
JMP software, version 11 (SAS Institute Inc., Cary, NC,
USA).
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Results

Of the 13 enrolled patients, 11 completed the 5-day treat-
ment with MCT alone and 10 completed the entire study
protocol (Fig. 1). Two patients dropped out during the
5-day treatment with MCT alone, and 1 patient dropped
out during the MCT-ghrelin combination treatment.
Therefore, to ensure efficacy evaluation using per protocol
analysis, 11 patients were included in the analyses of the
5-day MCT treatment and 10 were included in the analyses
of the MCT—ghrelin combination treatment. Table 1 shows
the patients’ baseline characteristics.

Table 1 Baseline characteristics of the patients (N=11)

Age, years 71.3 (4.8), 64-78
Sex, male/female (number) 10/1
BMI, kg/m> 17.4 (1.9), 13.9-20.9
Cigarette smoking, pack years 54.6 (24.7), 24.5-98
GOLD, III/IV, number 6/5
Pulmonary function test
FEV,,L 0.82 (0.25), 0.41-1.29
%FEV |, % predicted 32.2(9.4),16.8-48.2
FEV,/FVC, % 34.3 (6.6), 22.9-46.0
VC,L 2.47 (0.57), 1.83-3.39
%VC, % 78.3 (15.7), 55.6-100.5

Incremental work rate exercise testing
At peak exercise
5.8 (1.2),4-7
10.6 (2.6), 6.9-14.1

Dyspnea, Borg scale

Vé)z, mL/min/kg
SGRQ

Total score 55.6 (17.7), 26.8-79.9
67.5 (20.6), 19.1-92.0
70.1 (13.1), 54.4-92.5

40.3 (22.4),4.9-73.4

Symptoms score

Activity score

Impacts score
Medications (number)

LAMA

LABA

ICS

Triple inhalation therapy

S L AN O =

Methylxanthines

Data are presented as mean (SD) and as the minimum and maximum
values, unless otherwise stated

BMI body mass index, FEV, forced expiratory volume in one sec-
ond, FVC forced vital capacity, GOLD global initiative for chronic
obstructive lung disease, /CS inhaled corticosteroids, LABA long-act-
ing P,-agonist, LAMA long-acting muscarinic antagonist, SGRQ St.
George Respiratory Questionnaire; Triple inhalation; a combination
of LAMA, LABA, and ICS, VC vital capacity, V’OZ oxygen uptake

Medications are presented separately
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Response to 5-day MCT treatment

During the whole period of 5-day MCT and 3-week
MCT-ghrelin combination treatment, acyl ghrelin lev-
els were analyzed based on the sampling time course
among the treatments (Fig. 2a). Given that, at 4:00 PM,
the acyl ghrelin level was at its highest in the sampling
time course analysis by a linear mixed effect model
(p=0.0003, Fig. 2a), acyl ghrelin levels after 5-day treat-
ment with MCT alone were analyzed, focusing on that
point (Table 2, Fig. 2b). After 5-day treatment with MCT
alone, the plasma free FA 8:0, which was obtained at
10:00 a.m., increased significantly, compared with the
pre-treatment levels (p =0.0010, Table 2) and during the
treatment time course (p <0.0001, Fig. 2b); at 4 h (i.e.,
4:00 p.m.) after the daily intake of 10 g of MCT during
the sampling period, the acyl ghrelin level was increased,
compared with the pre-treatment level (p =0.0049,
Table 2); and at that same time, the des-acyl ghrelin level
decreased significantly, compared with the pre-treatment
level (p =0.0098, Table 2).

Between
timings **=*
a
30 *¥
= 1
E 25
©
g 20 %
=
S 15 Between
E treatments
&)
>
1)
<

7 AM 10 AM 2PM 4PM

Fig.2 a Time course of plasma acyl ghrelin after 5-day MCT or
3-week MCT-ghrelin combination treatment. Changes in plasma
acyl ghrelin were evaluated at 7:00 a.m., 10:00 a.m., 2:00 p.m., and
4:00 p.m. among treatments. Significant changes in the treatments
(»=0.0097), and in the sampling timings (p=0.0003) are confirmed
by a linear mixed effect model. ““p <0.01, *“p <0.001 between dif-
ferent timings or treatments, using the least squares means Tukey’s
honestly significant difference test. Open square, pre-treatment;
closed square, after 5-day intake of MCT with octanoic acid C 8:0
alone; closed triangle, after 3-week MCT—ghrelin combination treat-
ment. b Comparison of the changes in the plasma acyl ghrelin and

Table 2 Responses to dietary medium-chain triglycerides for 5 days
(N=11)

Before (n=11) After (n=11) p value

Free fatty acids 8:0, 2.7 (1.4) 20.5 (10.4) 0.0010
pmoL/L
Acyl ghrelin, fmoL/mL 8.6 (9.1) 20.0 (19.7) 0.0049

Des-acyl ghrelin, fmoL/mL  53.7 (44.3) 38.0 (27.8) 0.0098
Total ghrelin, fmoL/mL 62.3 (53.1) 57.9 (45.9) 0.3652

Data are means (SD). Blood samples for the free fatty acids 8:0 in
plasma were collected at 10:00 AM (2 h after the morning intake
of 5 g of medium-chain triglycerides). Blood samples for acyl ghre-
lin and desacyl ghrelin were collected at 4:00 p.m. (4 h after the
12:00 p.m. intake of 5 g of medium-chain triglycerides, when the
mean concentration of acyl ghrelin was the highest among the sam-
pling periods. Change between before and after dietary MCT for
5 days by the Wilcoxon signed rank test

Response to 3-week MCT-ghrelin combination
treatment

Body weight (p=0.0003) and SGRQ symptoms (p=0.0153)
improved during the course of 3-week MCT—ghrelin combi-
nation treatment (Table 3).

b
30 50 -
T
: 2
= ++ 40 o
E 2 Z
c 30 o
= Q.
o oY
S 10 Sl
= tH 2
2 10 §
< (o]
=
0 0o 3

Weey.,

free FA 8:0 levels during the treatment course of a 5-day intake of
MCT alone, followed by 3-week MCT-ghrelin combination treat-
ment. Significant increases in the plasma levels of free FA 8:0,
obtained at 10:00 a.m. (»p<0.0001) and acyl ghrelin (p=0.0072),
obtained at 4:00 p.m. are confirmed by a linear mixed effect model.
"p<0.05, "p<0.01, p <0.0001, compared with the pre-treatment
values, using the least squares means Tukey’s honestly significant dif-
ference test. Continuous line, plasma acyl ghrelin; dashed line, free
FA 8:0. Data are presented as means with standard error. FA fatty
acid, MCT medium-chain triglyceride
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Table 3 Changes in the resting

parameters after a 3-week
combination therapy with
ghrelin and dietary medium-
chain triglycerides (N=10)

Pre-treatment At 3 weeks At 7 weeks p value
Body weight, kg 46.1 (7.7) 47.5 (7.2)** 48.2 (8.0)*** 0.0003
BMI, kg/m? 174 (2.1) 18.1 (1.5)* 18.3 (1.8)*** 0.0008
Total lean mass, kg 36.1 (4.7) 37.0 (4.5)** 35.9 (4.6)" 0.0011
Food intake, kcal/day 1853 (264) 1962 (318) ND 0.0360
MEP, cmH,0 99.7 (26.2) 106.9 (34.7) 102.0 (38.4) 0.5413
MIP, cmH,0 —-56.3 (12.6) —63.7 (14.2) -59.3 (12.0) 0.2058
Urinary NE on 24-h collec- 268.7 (121.9) 126.1 (48.3) ND 0.0063
tion, pg/day
Pulmonary function test
FEV,,L 0.85 (0.24) 0.87 (0.20) 0.86 (0.21) 0.8963
FEV,/FVC, % 34.2 (6.9) 33.0(5.9) 33.0 (6.4) 0.5492
%FEV |, % 33.4 (9.0 34.4 (7.6) 342 (8.1) 0.7830
VC,L 2.53 (0.56) 2.60 (0.51) 2.58 (0.45) 0.8298
%VC, % 80.6 (14.5) 83.9 (12.1) 83.6 (10.8) 0.6316
SGRQ
Symptoms 66.4 (21.4) 50.9 (22.3)* 56.2 (17.4) 0.0153
Activity 67.9 (11.4) 70.6 (12.5) 67.8 (17.3) 0.6497
Impacts 40.3 (21.1) 36.8 (16.6) 44.4 (25.9) 0.1197
Total 53.2 (16.6) 49.8 (14.2) 53.5(21.0) 0.3713

Data are presented as means (SD)

The resultant p values are represented. The variables were tested by a linear mixed effect model

FEV, forced expiratory volume in one second, FVC forced vital capacity, MEP maximal expiratory pres-
sure, MIP maximal inspiratory pressure, NE norepinephrine level, SGRQ St. George Respiratory Question-

naire, VC vital capacity
p<0.05, “p<0.01, "

p<0.001 by the least squares means Tukey’s honestly significant difference test,
compared with pre-treatment values

"p<0.05, Tp <0.01 by the least squares means Tukey’s honestly significant difference test, compared with

the values at 3 weeks

As shown in Table 4 and Fig. 3, during the time course of
MCT-ghrelin combination treatment, there were significant
improvements at peak exercise in Vé)z (p=0.0120), Vg
(»p=0.0141), and AFO2 (i.e., inspired O, concentration minus
expired O, concentration) (p=0.0349) with a linear mixed
effect model that estimated the effects during whole treat-
ment course. When comparing each parameter among the
treatment points, a significant improvement was observed in
the V' at week 3, followed by improvements in Vé)z, AFOZ,

V'e/V! , and O, pulse at week 7. At isotime exercise, there

was a significant improvement in leg discomfort (»p =0.0136)
rather than in dyspnea (p =0.0556) during the time course.

Safety

Passage of loose stools was not reported during the 5-day
MCT treatment, but it was observed in 5 of 13 (38%)
patients during the 3-week MCT-ghrelin combination
treatment (Table 5). However, diarrhea was not reported.
No treatment-related serious events were reported in the pre-
sent study. As shown in Fig. 1, 3 patients discontinued the
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treatment because of influenza infection (n = 1), bronchial
asthma necessitating changes in the drug regimen imme-
diately after the enrollment in the present trial (n=1), and
cerebral infarction on the 3rd day of the 5-day treatment with
MCT alone (n=1). The latter was judged by the efficacy
and safety committee as not causally related with the MCT
treatment, considering the presence of multiple old lacunar
infarcts in the brainstem and in both basal nuclei on brain
magnetic resonance imaging and carotid artery atheroscle-
rotic plaque on carotid ultrasound and the safety of MCT as
a food product was not doubtful, because it is also contained
in milk and coconut oil.

Discussion

The main findings of this study on underweight COPD
patients were (1) 5-day treatment with MCT alone immedi-
ately increased the plasma acyl ghrelin level, but it did not
affect the total ghrelin level and (2) MCT-ghrelin combina-
tion therapy improved the SGRQ symptom score and peak
V(’)2 during incremental exercise.
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Tab!e 4 Changes in exercise Pre-treatment At 3 weeks At 7 weeks p value

testing after a 3-week

combination therapy with 6-MWD, m 304 (104) 347 (99)° 351 (107)° 0.0107

ghrelin and dietary medium- .

chain triglycerides (N = 10) CPET, at peak exercise
V5, » mL/minvkg 10.9 (2.6) 11.52.2) 11.8(2.2) 0.1873
v, » mL/min 495.1 (109.6) 543.1 (122.8) 562.3 (109.1)" 0.0120
Endurance time, s 333 (157) 400 (112)™ 389 (107)" 0.0065
Dyspnea (Borg scale) 5.7 (1.2) 6.5 (1.8) 5.8 (2.0) 0.1078
Leg discomfort (Borg scale) 4.8 (2.6) 4.1 (2.3) 3.9 (2.6) 0.3907
Vi L 0.86 (0.17) 0.92 (0.14) 0.95 (0.14) 0.0838
fx» breaths/min 30 (7) 30 (6) 28 (6) 0.0442
V', Limin 249 (6.1) 28.0 (7.7)" 26.6 (7.3) 0.0141
AF,, % 2.48 (0.40) 2.41 (0.26) 2.62 (0.34)" 0.0349
Vp/Vy 0.43 (0.06) 0.44 (0.03) 0.43 (0.05) 0.6099
VeV, 50.7(7.9) 51.4(5.4) 47.1(6.8)""" 0.0051
ViV, 50.8 (6.9) 49.1 (4.9) 47.7 (6.3) 0.0824
R ) 1.00 (0.07) 1.05 (0.09)™ 0.99 (0.08)"" 0.0004
HR, beats/min 114 (20) 121 (20)" 116 (19) 0.0296
0, pulse, mL/beats 43(0.5) 4.5(0.6) 4.9(0.8)"F 0.0043
Sp0,, % 90.7 (5.7) 89.5 (3.7) 91.0 (4.0) 0.3575

Two patients performed CPET while breathing the same Fig, of 24% pre-treatment and post-treatment.

Data are presented as means (SD)

The resultant p values are represented. The variables were tested by a linear mixed effect model

CPET cardiopulmonary exercise testing, AF,, : inspired oxygen concentration (FiO,) minus expired oxygen
concentration (FeO,), f breathing frequency, HR heart rate, 6-MWD 6-min walk distance, R respiratory
quotient, SpO, percutaneous oxygen saturation, V,/V; physiologic dead space/tidal volume ratio, V', min-

Tati !
ute ventilation, Vcoz

carbon dioxide output, V(’)j oxygen uptake, O, pulse Vé)z/HR, V- tidal volume

*p<0.05, “p<0.01, by the least squares means Tukey’s honestly significant difference test, compared with

pre-treatment values

"p<0.05, T'p<0.01, "p<0.001, by the least squares means Tukey’s honestly significant difference test,
compared with the values at 3 weeks

Given the observed change from des-acyl ghrelin to acyl
ghrelin after a 5-day treatment with MCT alone, edible MCT
may be of therapeutic relevance in cachectic COPD. Ghrelin
secretion is regulated by various factors, including exercise
[29, 30] and meal [6, 31], both of which affect the daily
condition of patients with advanced COPD. In such patients,
although elevated ghrelin levels were reported [32], intense
acute exercise might suppress the level of acyl ghrelin (i.e.,
active form) in everyday life. Furthermore, plasma ghrelin
levels have been demonstrated to increase before each meal,
but to fall to trough levels after every meal [31]. Based on
the fact that octanoic acid C8:0 was primarily connected
with des-acyl ghrelin [5], dietary octanoic acid may be
necessary for the acyl modification of ghrelin [33]. This
response was confirmed by the results of the present study,
which showed that a 5-day MCT treatment did not change
the total ghrelin level but increased the acyl ghrelin/des-acyl
ghrelin ratio (Table 2). Moreover, in the present study, the
increased plasma acyl ghrelin level was confirmed during the
daytime after 3-week MCT-ghrelin combination treatment
(Fig. 2a). It is highly possible that the resultant increase of

plasma acyl ghrelin during the daytime was induced by MCT
treatment alone. The reasons are as follows: the acyl ghrelin
peaked and disappeared rapidly from plasma with an elimi-
nation half-life of 9-13 min after the intravenous ghrelin
administration [34, 35], and each sampling time for plasma
acyl ghrelin was more than 2 h from the intravenous ghrelin
treatment in the present study. An MCT-based ketogenic diet
has been increasingly explored in a number of neurologic
diseases and some cancers [36, 37]. At the very least, the
ketogenic diet, especially via octanoic acid, may provide
various benefits, including an alternative energy supply, for
cachectic COPD patients, because it can maintain high levels
of acyl ghrelin at all times by suppressing the decrease in the
levels after each meal or during intolerable acute exercise.
Cardiocirculatory and muscular crosstalk, which is a
mechanism that is related with O, delivery and utilization,
has been increasingly described in patients with cardio-
pulmonary disease, although its degree may differ among
patients. In COPD-heart failure overlap patients, the index
of cardiac output and the index of peripheral blood flow to
a certain exercise load were impaired [38—40]. In other
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Fig.3 Changes in the physiological variables after a 3-week com- »

bination treatment with octanoic acid C8:0 and ghrelin. Each physi-
ological variable was obtained at peak exercise during incremental
cardiopulmonary exercise testing. The changes in each variable dur-
ing the treatment course are analyzed by a linear mixed effect model.
Compared with pre-treatment, “p<0.05, “p<0.01 and compared
with the values at week 3, /p <0.05, 7p <0.01 using the least squares
means Tukey’s honestly significant difference test. AF, inspired O,
concentration minus expired O, concentration, MCT medium-chain
triglyceride; O, pulse V(/)z/heart rate, V'; minute ventilation, V’O2 OXY-
gen uptake

words, it might be difficult to improve anaerobic capacity
of advanced COPD patients by increasing ventilation
alone. In fact, a previous study showed that in 50% of
patients with advanced COPD, the reduction of peak V(’)2

with pulmonary rehabilitation was due to a decrease in
AF, , even if the exercise time was prolonged [41]. In the
present study, MCT-ghrelin combination therapy
improved the symptoms and anaerobic capacity of patients
with severe and very severe COPD along with weight gain.
In a previous study [13, 14], we reported that combination
therapy with exercise training and ghrelin improved the
anaerobic capacity of COPD patients without weight gain,
whose baseline peak V(’)2 was slightly higher than that of
the patients in the present study. In both trials, the mean
changes in peak V62 and 6-min walk distance (6-MWD)

from the pre-treatment values were approximately similar.
In the present study, however, improvements in ventilatory
condition, such as expiratory respiratory pressure, Vo, and
Vp/V1, were not obtained, which might be due to the fact
that exercise training was not conducted in the present
study. Notably, at 4 weeks after the completion of the
3-week combination therapy, i.e., week 7, improvements
in peak V(’)2 and 6-MWD were obtained (Fig. 3 and

Table 4). Because MCT continuation therapy was not per-
formed after the present study, the effects of the activated
ghrelin including MCT intake might remain large at
4 weeks after the completion of the 3-week combination
therapy, although other evaluation points after week 7 to
confirm whether the obtained effects return to the pre-
treatment level were not investigated in the present study.
At week 7 in the present study, the resultant increase in the
O, pulse and AF;, might explain the differences in the
results between the studies and may be the primary reason
for the improved aerobic capacity, based on the following
mechanism. Due to the direct effect of ghrelin on vasodila-
tion [42] and cardiac output [8—10], the resultant vasodila-
tory effect and improvement in cardiac function, which
was assessed by the O, pulse, might increase muscle blood
flow, followed by an increase in AFo,. These implied that
the absorption ability for O, was improved by enhancing
the direct effects of ghrelin on cardiocirculatory function.
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Table 5 Adverse events (N=13)

Adverse events 5-day MCT

treatment

3-week ghrelin and MCT
combination treatment

Unclearly related with the trial intervention
Loose stools
Stomach rumbling
Feeling of being warm
Slight elevation of CRP
Slight liver dysfunction 1

NN = W

Considered not to be related with the trial intervention
Bronchial asthma 1
Cerebral infarction 1
Influenza infection 1

Data are presented as the number of patients

CRP C-reactive protein, MCT medium-chain triglyceride

Considering that V(’)2 is calculated using the product of V'g

and AFo, and the present findings of slightly reduced V'g
at week 7 than at week 3, the improvement in peak V’O may
2

be attributed to an improved O, absorption ability by the
increased blood flow through cardiocirculatory and mus-
cular crosstalk. In addition, leg discomfort, rather than
dyspnea, was improved at isotime after the combination
therapy. Furthermore, the slight decrease in V' at week 7
might imply a decreased ventilatory demand; as a result,
the V'E/V’02 was reduced. Taken together, treatment strate-

gies that target activated ghrelin to improve the O, absorp-
tion ability from cardiac and/or skeletal muscle function
may prove beneficial for the impaired anaerobic condition
in cachectic COPD.

Developing a treatment strategy including exercise
training in cachectic patients with COPD is an important
issue. Anamorelin, a novel ghrelin-receptor agonist, is now
attracting attention as a treatment option given orally to
patients with cancer anorexia and cachexia [43]. Evaluat-
ing the sequencing of exercise training and activated ghre-
lin therapy might be important. When exercise training
is performed with activated ghrelin treatment including
anamorelin, even if the intensity of the frequency of exer-
cise training is suitable for each patient, exercise training
should be added as a post-therapy after sufficient effects
are obtained by the activated ghrelin treatment, because,
even if exercise training is not added, activated ghrelin
treatment may provide sufficient pharmacological effects,
as in the present study, and, in the previous study [14], the
number of days of exercise training in the ghrelin-exercise
training group was negatively correlated with the increase
in body weight. As a result of the reduced sympathetic
nervous activity obtained in the present study (Table 2)

and other reports [7, 12], it appears that the exercise inten-
sity in each patient might be spontaneously increased.

This study had some limitations. First, the number of par-
ticipants was small. Second, a detailed evaluation of the O,
delivery—utilization mismatch in skeletal muscle should have
been included. Third, the duration of intervention, especially
MCT treatment, was short. Given that MCT treatment is less
costly and more appealing, compared with ghrelin infusion
therapy, therapeutic MCT regimens that used different doses
and durations should have also been conducted. Fourth, a
comparison with MCT alone should have been included in
the present study’s protocol. Although the dose or duration
of MCT treatment was different from the present study, Ash-
itani et al. [44] reported that 2-week MCT treatment with
octanoic acid (2.8 g/day) increased the mean BMI (16.0 kg/
m? at pre-treatment vs. 16.3 kg/m? after 2 week-MCT treat-
ment) in patients with chronic respiratory disease, but the
response was lower than that shown in Table 2 of the present
study. Therefore, the difference between the studies might be
due to the effect of intravenous ghrelin treatment. Based on
the results of the present study, a multicenter, randomized
controlled study should be conducted in the future to inves-
tigate the effects of adding dietary octanoic acid C8:0 to
ghrelin treatment in COPD patients.

Conclusions

Short-term treatment with MCT alone increased the acyl
ghrelin levels but maintained the total ghrelin levels. Com-
bination therapy with MCT and ghrelin improved the
symptoms and aerobic capacity of underweight patients
with advanced COPD. Given that these improvements were
related with increased O, delivery through cardiocirculatory
and muscular crosstalk, which resulted in decreased venti-
latory demand, acyl ghrelin with MCT administration may
be of therapeutic relevance in cachectic patients including
those with COPD.
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