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Background and Objectives: Constipation affects up to 20% of the world’s population. The aim of this study
was to investigate whether supplementation with Ficus carica paste could be used to treat constipation in Korean
subjects with functional constipation. Methods and Study Design: We conducted a randomized, double-blind,
placebo-controlled trial. Subjects with functional constipation were orally supplemented with either F. carica
paste (n=40) or placebo (n=40) for 8 weeks. We measured the efficacy and safety of F. carica paste. Primary out-
comes (colon transit time) and secondary outcomes (questionnaire related to defecation) were compared before
and after the 8-week intervention period. Results: F. carica paste supplementation was associated with a signifi-
cant reduction in colon transit time and a significant improvement in stool type and abdominal discomfort com-
pared with the placebo. Blood parameters and clinical findings for organ toxicity remained within normal ranges.
Conclusion: These results suggest that F. carica paste may have beneficial effects in subjects suffering from

constipation.
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INTRODUCTION

Functional constipation, also known as chronic idiopathic
constipation, is a common gastrointestinal complaint in
clinical practice and affects 9.2% of Koreans.' Patients
suffer from abdominal discomfort, bloating, lumpy/hard
stools, and incomplete defecation without a clear anatom-
ical or physiological cause, but do not meet the criteria
for irritable bowel syndrome.? Several underlying mecha-
nisms have been implicated in the pathophysiology of

functional constipation, which remains poorly understood.

As a consequence, there is no specific therapy available
for the treatment of functional constipation.” Well estab-
lished therapeutic approaches include behavioral inter-
ventions and use of laxatives,** but these do not always
bring satisfactory relief. Thus, alternative treatments with
long-term efficacy are necessary to manage functional
constipation.

Ficus carica L., a fruit tree that is native to Asia and
belongs to the family Moraceae, is now distributed world-

wide. F. carica L. contains minerals, vitamins, dietary
fiber, amino acids, and several bioactive compounds such
as flavonoids, polyphenols, and anthocyanins.®” F. carica
L. is traditionally used for its medicinal benefits in laxa-
tive, cardiovascular, respiratory, antispasmodic, and anti-
inflammatory remedies.'’ Experimental studies have re-
ported the beneficial effects of F. carica L. in the treat-
ment of hyperglycemia,”’12 hypercholesterolemia," hy-
perlipidemia,'? platelet aggregation,'’ liver damage,'®
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and viral infection.!” Recently, we reported the laxative
effects of F. carica L. using loperamide-induced consti-
pation in rat (F. carica paste 0, 1, 6, and 30 g/kg) and
beagle models (F. carica paste 12 g/kg daily).™" After
feeding animals F. carica paste for three to four weeks,
we observed increases in mucin production and peristaltic
movement, which ultimately led to shortened colonic
transit time and increased fecal quantity.

Based on encouraging results from animal studies, we
hypothesized that F. carica paste might prove useful for
the treatment of human functional constipation patients in
a clinical trial. We designed a randomized, double-blind,
placebo-controlled clinical trial using Korean subjects
with functional constipation defined according to the
Rome III criteria.

METHODS

Subjects and ethics approval

Study subjects were recruited from the Clinical Trial Cen-
ter for Functional Foods (CTCF2) in Chonbuk National
University Hospital (Jeonju, Republic of Korea) between
June 2013 and December 2013 through a local newspaper
advertisement. A total of 109 subjects agreed to partici-
pate in the current study. Inclusion criteria for the study
were: (1) age between 19 and 39 years, (2) diagnosis of
functional constipation by ROME III criteria (Table 1),
(3) colonic transit time >36 h, and (4) written informed
consent. Exclusion criteria included: (1) allergy or hyper-
sensitivity to any ingredients in the test products, (2) pre-
vious history or current disease of the digestive system,
cardiovascular system, and endocrine system, or any neu-
rological disorder, (3) diagnosis of irritable bowel syn-
drome by ROME 111 criteria, (4) a history of disease that
could interfere with the test products or impede their ab-
sorption, such as gastrointestinal disease or gastrointesti-
nal surgery, (5) use of certain medications that cause al-
teration of bowel movements within two weeks, (6) use
of antipsychotic medication within 2 months, (7) history
of alcohol or substance abuse, (8) participation in any
other clinical trials within the prior two months, (9) la-
boratory tests, or medical/psychological conditions
deemed by the investigators to interfere with successful
participation in the study, and (10) pregnancy or current
breast feeding. All subjects provided written informed
consent before entering the study. The study, which was
conducted according to the Declaration of Helsinki and
the Guidelines for Good Clinical Practice by the Interna-
tional Conference on Harmonization (ICH GCP), was
approved by the Functional Foods Institutional Review
Board (FFIRB) of Chonbuk National University Hospital

Table 1. Rome III functional constipation criteria’

(FFIRB number: 2013-02-003). The protocol is registered
at www.clinicaltrials.gov (NCT02138851).

Preparation of F. carica paste

F. carica paste was provided by Yeongam Green Fig Ag-
riculture Co., Ltd. (Yeongam, Korea) and was standard-
ized to contain 1.7% fiber. The daily dose was calculated
from the results of previous animal'®" and pilot clinical
studies. The nutritional compositions (Table 2) of F. car-
ia paste samples was analyzed by the Korea Health Sup-
plement Institute (Sungnam, Korea) and Korea Food Re-
search Institute (Sungnam, Korea). The general composi-
tion (calories, carbohydrate, crude fat, crude protein, wa-
ter, ash, sodium, fiber) of the F. carica paste was ana-
lyzed by analytical methods for general compositions in
Korea Food Code.” Fiber measurements were performed
using the enzymatic-gravimetric method.'

Total flavonoids were measured by the modified meth-
ods of Davis® with rutin as the standard. Total phenolic
compounds were measured with the Folin-Ciocalteu rea-
gent according to the method modified from Singleton,”
using gallic acid as a standard. Flavonoid (gallic acid,
apigenin, naringenin, luteolin, kaempferol, epicatechin,
catechin, quercetin, chlorogenic acid, naringin, and rutin)
analyses were performed using an Acquity UPLC system
(Waters, Miliford, MA, USA) with an Acquity UPLC
BEH C18 column (2.1 mm x 100 mm, 1.7 um) and a Wa-
ters Xevo TQ Triple Quadrupole tandem mass spectrome-
ter to investigate whether F. caria paste also contained
flavonoids.

The placebo was made with the same taste, smell and
appearance without the non- laxative ingredients. The
placebo supplements were composed primarily of water,
sugar and modified starch.

Study design

The current study was conducted as an eight-week, ran-
domized, double-blind, placebo-controlled clinical trial
according to a computer-generated randomization sched-
ule designed to assign subjects to the F. carica paste or
placebo groups. Neither the investigators nor the subjects
knew the randomization code or the results. Subjects at-
tended a screening visit at which inclusion and exclusion
criteria were assessed. The enrolled subjects were sched-
uled for their first visit, and subjects were randomly as-
signed to either the F. carica paste group (n=40) or pla-
cebo group (n=40). Subjects received either F. carica
paste or placebo every four weeks, and all subjects were
instructed to take either three F. carica paste packs or

1. Must include two or more of the following:
a. Straining during at least 25% of defecations
b. Lumpy or hard stools in at least 25% of defecations

c. Sensation of incomplete evacuation for at least 25% of defecations
d. Sensation of anorectal obstruction/blockage for at least 25% of defecations
e. Manual maneuvers to facilitate at least 25% of defecations (e.g., digital evacuation, support of the pelvic floor)

f. Fewer than three defecations per week
2. Loose stools are rarely present without the use of laxatives
3. Insufficient criteria for irritable bowel syndrome

TCriteria fulfilled for the last 3 months with symptom onset at least 6 months prior to diagnosis.
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Table 2. Nutritional compositions

Nutritional compositions Contents
Calories (kcal/100g) 41.7
Carbohydrate (%) 9.1
Crude fat (%) 0.5
Crude protein (%) 1.2
Water (%) 88.8
Ash (%) 0.4
Sodium (mg/100g) 6.9
Fiber (%) 1.7
Total flavonoids (pg/g, dry) 44.0
Total phenolics compounds (pg/g, dry) 332
Flavonoids/phenols (ng/g, dry) 0.1
Gallic acid (pg/g, dry) 0.8
Apigenin (pg/g, dry) 0.3
Naringenin (pg/g, dry) 0.1
Luteolin (ng/g, dry) 0.2
Kaempferol (ug/g, dry) 0.1
Epicatechin (ng/g, dry) 7.8
Catechin (pg/g, dry) 0.2
Quercetin (ng/g, dry) 0.0
Chlorogenic acid (pg/g, dry) 0.8
Naringin (ng/g, dry) 0.1
Rutin (pg/g, dry) 2.9

General composition (calories, carbohydrate, crude fat, crude
protein, water, ash, sodium, fiber): Korea Food Code.” Fiber
measurements were performed using the enzymatic-gravimetric
method.? Total flavonoids: as described in Davis et al’> with
rutin as the standard. Total phenolic compounds: Folin-
Ciocalteu reagent as described in Singleton et al” using gallic
acid as a standard. Flavonoids (gallic acid, apigenin, naringenin,
luteolin, kaempferol, epicatechin, catechin, quercetin, chloro-
genic acid, naringin, and rutin): Acquity UPLC system (Waters,
Miliford, MA, USA) with an Acquity UPLC BEH C18 column
(2.1 mm x 100 mm, 1.7 pm) and a Waters Xevo TQ Triple
Quadrupole tandem mass spectrometer.

three placebo packs per day (300 g/day) three times daily
before meals for eight weeks. Subjects were asked to visit
the center every four weeks for a total of four wvisits,
which included the screening visit (screening, 0, 4, and 8
weeks). At each visit, current medication use, smoking
status, and alcohol intake were investigated, and subjec-
tive symptoms for gastrointestinal adverse events were
also assessed. During the eight-week intervention period,
subjects were asked to continue their usual diets and ac-
tivity and were asked not to take any other functional
foods or dietary supplements. Colonic transit time, ques-
tionnaires related to defecation, biochemical parameters,
anthropometric, and vital signs were assessed before and
after the intervention period for both groups. Every fourth
week, the subjects were asked to report any adverse
events or any changes in training, lifestyle, or eating pat-
terns and to assess pack compliance. Compliance was
assessed by the number of returned packs. Subjects whose
compliance with the F. carica paste or placebo treatment
was <70% of the total dose were considered to have
dropped out.

Study outcomes

The primary outcome was colonic transit time. The colon-
ic transit time (CTT) was measured in all subjects before
and after the 8-week intervention period using the colonic
transit time method described by Metcalf et al.** Subjects

ingested a once-daily series of three distinctive Co-
lomark™ capsules at the same time each day for three
consecutive days. Each capsule contained 20 radiopaque
markers shaped like rings. Subjects then received ab-
dominal X-rays 24 h after the ingestion of the final cap-
sule. The colonic transit time was calculated as the sum of
the markers detected on X-ray. The sum of the markers
detected in the X-ray was multiplied by 1.2, resulting in
CTT expressed in hours. Spinal processes and imaginary
lines from the fifth lumbar vertebra to the right pelvic
outlet and the left iliac crest served as landmarks defining
projection zones of right, left, and rectosigmoid colon.”

The secondary outcome was constipation-related symp-
toms. Questionnaires addressing the frequency of defeca-
tion, defecation time, stool type, abdominal
pain/discomfort, effort required for evacuation, sensation
of incomplete evacuation, stool amount per defecation,
and satisfactory relief were administered at every visit.
Stool consistency was investigated using the Bristol stool
form chart on a scale from 1-7,”° where 1 denotes sepa-
rate hard lumps, like nuts; 2, sausage-shaped but lumpy; 3,
like a sausage or snake but with cracks on the surface; 4,
like a sausage or snake, smooth and soft; 5, soft blobs
with clear-cut edges; 6, fluffy pieces with ragged edges, a
mushy stool; 7, watery, no solid pieces. An average score
close to the three-point mode indicates normal stool. Ab-
dominal discomfort scores were evaluated using a scale
of 1-5 as follows: score 1, very low; score 2, low; score 3,
average; score 4, high; score 5, very high. A higher score
indicates severe abdominal pain.

Safety and dietary measures

Safety assessments included an electrocardiogram (ECG),
and laboratory tests (WBCs, RBCs, haemoglobin, hema-
tocrit, platelets, total bilirubin, alkaline phosphatase
(ALP), y-glutamyl transferase (GGT), alanine transami-
nase (ALT), aspartate transaminase (AST), total choles-
terol, triglycerides, high-density lipoprotein-cholesterol
(HDL-C), low-density lipoprotein-cholesterol (LDL-C),
glucose, total protein, albumin, blood urea nitrogen
(BUN), creatinine, creatine kinase, lactate dehydrogenase
(LDH), Na, K, Cl, Ca, and P) before and after the 8-week
intervention period. Blood pressure and pulse were as-
sessed at every visit. Anthropometrics were assessed be-
fore and after the 8-week intervention period. Height and
weight were measured using the same machine during the
study period. Body Mass Index (BMI, kg/m?) was calcu-
lated by dividing the weight (kg) by the square of the
height (m).

All participants completed a dietary record at each visit
during the intervention period in order to evaluate energy
intake and diet quality. Dietary intake data were analyzed
by a dietitian using CAN-pro 4.0 software (The Korea
Nutrition Society, Seoul, Korea).

Statistical analysis

Statistical analysis was performed using SAS version 9.3
for Windows (SAS Institute, Cary, NC, USA). The intent-
to-treat (ITT) population included all randomized subjects
who received F. carica paste/placebo and attended at
least one study visit after the start of the intervention. The
analysis of efficacy and safety was performed in the ITT
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[Enrollmentj

Assessed for eligibility (n=109)

Excluded (n=29)

Y

» Not meeting inclusion criteria (n=16)
» Withdrew consent (n=13)

Randomized (n=80)

'

¥

Allocated to F. carica paste group (n=40)

* Received allocated intervention (n=40)

h 4

Discontinued intervention (n=4)
» Withdrew consent (n=1)
* Protocol violation (n=3)

L

ITT Analysed (n=40)

Allocation

Follow-up

Allocated to Placebo group (n=40)

* Received allocated intervention (n=40)

h J

Discontinued intervention (n=2)
» Withdrew consent (n=1)
* Protocol violation (n=1)

Y

ITT Analysed (n=40)

Figure 1. Flow chart for the study subjects. Number of study participants enrolled, allocated, followed, and analyzed, shown using the

CONSORT 2010 Flow Diagram.

population.

Data are shown as mean and standard deviations (SD).
The sample size was statistically determined to obtain a
power of 80% with an alpha of 0.05. In order to demon-
strate effects on colonic transit time, which was calculat-
ed to be a 5 h reduction with a standard deviation of 8 h, a
sample size of 64 subjects (32 in the F. carica paste
group and 32 in the placebo group) was required. Assum-
ing a 20% loss to follow-up, we set the total sample size
at 80. The two groups were equal in size in order to ob-
tain the greatest statistical power. General characteristics
differing between the F. carica paste and placebo groups
were analyzed by an independent ¢-test or a chi-square
test. The significance of differences within or between
groups was tested by a linear mixed-effect model and
paired t-tests of the mean. The chi-square test was per-
formed to determine differences in frequencies of catego-
rized variables between groups. A value of p<0.05 was
considered statistically significant.

RESULTS

General subject characteristics

The sampling and trial profiles are summarized in Figure
1 for the subjects who completed the study. A total of 109
subjects were screened. Twenty-nine subjects were ex-
cluded from the current analysis because they did not
meet all of the inclusion criteria or withdrew consent. The
remaining 80 subjects were divided equally and randomly
into the F. carica paste or placebo groups. Four subjects
from the F. carica paste group and two subjects from the

placebo group failed to complete the study. Two subjects
voluntarily withdrew consent for personal reasons. Four
subjects discontinued treatment because of protocol viola-
tion. As a result, 74 subjects (F. carica paste group=36
and placebo group=38) remained.

General characteristics of the subjects are shown in
Table 3. There were no significant differences between
groups in baseline characteristics such as age, sex, height,
weight, body mass index, alcohol intake, and smoking
status.

Colonic transit time

There was no difference in the overall colonic transit time
at 24 h in the two groups at baseline (Table 4 and Figure
2). After 8 weeks of supplementation, mean colonic trans-
it times were significantly decreased in both the placebo
(76% reduction) and F. carica paste (61% reduction)
groups. Of note, there were significant treatment effects
on colonic transit time in subjects receiving F. carica
paste (p=0.030). Colon transit time was significantly im-
proved in the F. carica paste group compared with the
placebo group (p=0.045).

Constipation-related symptoms

F. carica paste supplementation was associated with ben-
eficial effects on stool consistency as evaluated by Bristol
score (p=0.024) and abdominal discomfort (p=0.012)
compared with the placebo (Table 5). However, F. carica
paste had no significant treatment effects on frequency of
defecation, defecation time, abdominal pain, effort for
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Table 3. Demographic characteristics of study subjects

Placebo grou F. carica paste grou Total
(n=4§) b (n£40) s (n=80) p-value'
Age (years) 24.7+4.5 23.3+3.4 24.0+4.1 0.123
Sex (M/F) 4/36 5/35 9/71 >(.999
Height (cm) 164+£5.8 165+6.7 165+6.2 0.302
Weight (kg) 56.3+7.1 59.4+£10.4 57.849.0 0.125
BMI (kg/m®) 21.0£2.4 21.7+£3.0 21.3£2.7 0.258
Alcohol drinker (Yes/No) 27/13 26/14 53/27 0.813¢
Unit/week 2.0+£2.4 1.8+1.6 1.9+£2.0 0.605
Smoker (Yes/No) 2/38 2/38 4/76 >0.999*
A piece/day 6.5+5.0 6.5+5.0 6.5+4.0 >0.999
M: male; F: female; BMI: body mass index.
Data are presented as mean+SD.
T Analyzed by independent #-tests and the p-value represents the comparison to the placebo group.
i[Analyzed by Chi-square tests (Fisher’s exact test) and the p-value represents the comparison to the placebo group.
Table 4. Colon transit time
Placebo group (n=40) F. carica paste group (n=40) p-

Baseline 8 week Change’  p-value? Baseline 8 week Change’ p-value*  value®

CTIT(h) 61.6£109 46.7£16.3 -15.0+17.7 <0.0001 63.7410.1  38.7420.3  -24.5#22.4  <0.0001  0.030

CTT: colon transit time.
Data are presented as the mean+SD.
TChange = 8 week — Baseline.

i[Analyzed by paired z-test between baseline and 8 weeks in each group.

YAnalyzed by linear mixed-effect model and the p-value represents the comparison to the placebo group.

evacuation, sensation of incomplete evacuation, stool
amount per defecation, or satisfactory relief.

Safety and dietary measures

Safety was assessed by assessing adverse events, electro-
cardiograms, laboratory tests (hematology, biochemistry,
and urinalysis), vital signs, and anthropometric parame-
ters (data not shown). At each visit, information about
symptoms or adverse events was recorded, but no serious
adverse events were reported during the 8-week study
period. The results of the safety assessments were in the
normal range, and no subjects withdrew because of ad-
verse events. In addition, no significant differences in
dietary intake (calorie, carbohydrate, protein, fat, and
fiber) were observed between the groups during the inter-
vention period (Table 6).

DISCUSSION

Our study is the first randomized, placebo-controlled,
double-blind clinical trial to evaluate the safety and effi-
cacy of F. carica paste for the treatment of functional
constipation patients. After 8 weeks of supplementation,
we observed a statistically significant reduction in colonic
transit time, as demonstrated by a decrease in the number
of radio-opaque markers remaining in the gastrointestinal
tract. A significant increase in Bristol score and a signifi-
cant reduction in abdominal discomfort were also ob-
served. Our results are consistent with those of our previ-
ous animal studies showing that F. carica paste acceler-
ates colonic transit and improves bowel function.'®!" In
addition, our study subjects did not report any specific
adverse events, unlike patients using currently prescribed
laxatives.

The acceleration of colonic transit due to F. carica
paste may be associated with loosened stool consistency.
Using the Bristol stool score, we observed an increase in
score from 1.940.7 to 3.03+£0.82 in the F. carica paste
group, while the Bristol stool score changed from 2.2+0.7
to 2.8+0.8 in the placebo group (p=0.024). Low scale
scores (score 1 or 2) mean harder stool, while higher val-
ues (score 3 or 4) indicate a normal stool consistency.
Given that a minor change in Bristol score from 2 to 3
may represent a significant acceleration in the colonic
transit and improvement in the subjective symptoms of
constipation patients,”’ F. carica paste may increase co-
lonic transit by loosening stool consistency. Regarding
the effect of F. carica paste on colonic transit, we previ-
ously observed that F. carica paste maintained the thick-
ness of the distal colon and areas of crypt epithelial cells
in loperamide-treated rats.'® These histological findings
reveal that F. carica paste preserves the intestinal area
responsible for mucin secretion against loperamide treat-
ment. In addition, we observed increases in the water con-
tent of the stool and intestinal tension associated with F.
carica paste treatment. These findings are all related to
loosened stool consistency and increased colonic transit.
Similar findings were also observed in beagles, in which
constipation was induced by a high protein diet."” Accel-
eration of colonic transit through enhanced intestinal ten-
sion and colonic secretion may deliver stool from the
proximal colon to the distal colon more rapidly, leading
to defecation with greater ease and less straining.

F. carica paste had no significant treatment effects on
constipation related symptom parameters except for ab-
dominal discomfort. Volunteers in the present study were
not actively seeking treatment for their condition and thus
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Table 5. Questionnaire related to defecation

Placebo group (n=40)

F. carica paste group (n=40)

§

Baseline 8 week Change’ p-value* Baseline 8 week Change’ p-value* p-value
Frequency of defecation per week 2.240.8 3.4+1.4 1.2+41.5 <0.0001 2.1+0.7 3.7£2.1 1.642 <0.0001 0.346
Defecation time (min) 11.0+5.5 6.3£3.7 -4.9+4.8 <0.0001 11.4+6.4 6.3£3.6 -5.4+4.9 <0.0001 0.700
Bristol score 2.24+0.7 2.840.8 0.7+1 0.001 1.9+0.7 3.0+0.8 1.1+0.9 <0.0001 0.024
Abdominal pain 3.2+£0.6 3.0+0.8 -0.2+0.8 0.061 3.0+0.7 2.6+0.5 -0.3+0.5 0.001 0.518
Abdominal discomfort 3.5+£0.6 3.1+0.7 -0.3+£0.8 0.007 3.6+0.7 2.840.7 -0.8+0.8 <0.0001 0.012
Effort for evacuation 3.1£1.0 2.44+0.8 -0.8+1.2 0.012 3.3£1.0 2.34+0.7 -0.9+1 <0.0001 0.467
Sensation of incomplete evacuation 2.1+0.6 2.840.7 0.7+0.9 <0.0001 2.1+0.8 2.9+0.9 0.8+0.9 <0.0001 0.513
Stool amounts per defecation 2.44+0.8 2.5+0.7 0.1+0.9 0.744 2.3+0.9 2.7+0.9 0.3+1 0.033 0.167
Satisfactory relief - 3.3+0.8 - - - 3.4+0.8 - -
Data are presented as the mean+SD.
Change = 8 week — Baseline.
?Analyzed by paired #-test between baseline and 8 weeks in each group.
YAnalyzed by linear mixed-effect model and the p-value represents the comparison to the placebo group.
Table 6. Dietary intake

Placebo group (n=40) F. carica paste group (n=40) et
Baseline 8 week Change’ p-value* Baseline 8 week Change’ p-value® p-vanue

Calorie (kcal) 1499+499 1415+565 -9.0+£518 0.389 13854401 13664537 37.6+396 0.801 0.801
Carbohydrate (g) 217+69.5 203+83.3 -6.5+69.8 0.258 186+60.1 196+72.3 18.6+54.4 0.355 0.143
Fat (g) 44.3£19.2 43.2+24.5 1.74£25.0 0.796 46.4+17.8 41.1+£22.7 -3.9+£24.6 0.179 0.469
Protein (g) 54.4+22.6 52.4424.8 0.8427.4 0.666 53.9+18.2 50.6+24.1 -1.6+£21.8 0.36 0.829
Fiber (g) 13.3£5.2 12.1+5.9 -0.8+6.3 0.244 10.5£3.9 10.9£5.2 0.7+4.3 0.637 0.217

Data are presented as the mean+SD.
T_Change:8 week—Baseline.
*Analyzed by paired r-test between baseline and 8 weeks in each group.

YAnalyzed by linear mixed-effect model and the p-value represents the comparison to the placebo group.
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Placebo group (Age 28, Female)

Before (baseline)

After (8 week)

Number of markers present: 59
Colon transit time (h): 70.8

Number of markers present: 45
Colon transit time (h): 54.0

F. carica paste group (Age 21, Female)

Before (baseline)

After (8 week)

i

Number of markers present: 43
Colon transit time (h): 51.6

Number of markers present: 22
Colon transit time (h): 26.4

Figure 2. Representative abdominal X-rays data at baseline and 8 week in a subject from F. carica paste or placebo group.

could be considered to have relatively mild constipation,
also reflected by their low Bristol scores at baseline
(2.2£0.7 and 1.9£0.7 in placebo and F. carica paste
groups, respectively). These relatively low Bristol scores
may have contributed partly to the failure to achieve sta-
tistical significance.

From a mechanistic point of view, the beneficial effects
of F. carica paste on constipation are most likely related
to its composition. As shown in Table 2 and also reported
by several previous studies,”’ F. carica contains high
amounts of cellulose, phenols, flavonoids, and anthocya-
nins, which are reported to have laxative effects. These
bioactive substances may stimulate chloride channel or
serotonergic signaling, which in turn stimulate colonic
secretion of water, electrolytes, and mucin.?**? In addi-
tion, differences in fiber may affect colonic transit time.
Specifically, the concentration of fiber in F. carica was
5.1 g. Fiber appears to shorten CTT, primarily because of

enhanced bowel movement and mucin secretion.” Fiber
can also decrease colonic mucinase activity to increase
the mucin content.** Indeed, many reports have shown the
favorable effects of dietary fiber on constipation. Alterna-
tively, some component of F. carica may have a direct
effect on smooth muscle, which increases intestinal motil-
ity. This hypothesis was supported by our previous
study.'® F. carica paste increased peristalsis and intestinal
tension in a dose-dependent manner. However, Gilani et
al"® reported an antispasmodic effect of F. carica. These
opposite conclusions may result from differences in the
nutritional composition of test materials and the experi-
mental design. We used an ethanol extract of fresh F.
carica fruit, whereas Gilani et al used a water extract of
dried F. carica fruit. Phytochemical analysis reveals plen-
ty of alkaloids, flavonoids, coumarins, saponins, and ter-
penes in water extracts. However, as shown in Table 2,
the F. carica paste used in this study contains different
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bioactive substances such as gallic acid, apigenin,
naringenin, luteolin, kaempferol, epicatechin, catechin,
quercetin, chlorogenic acid, naringin, and rutin. Differ-
ences in the geographical area of cultivation of F. carica
(Pakistan vs Korea) might also result in different nutri-
tional compositions. In addition, Gilani et al observed the
antispasmodic activity of F. carica in K'-induced sus-
tained contraction of isolated rabbit jejunum, whereas we
observed spasmodic activities using isolated stable rat
ileum.

Three aspects of this study should be reported as poten-
tial limitations in drawing broader conclusions. First, the
study sample was mainly female. The greater inclusion of
female patients is due to the higher prevalence of func-
tional constipation in woman,** which seems to be associ-
ated with cultural factors.*® Therefore, these results
should be applied with caution to the general population
of functional constipation patients. Second, because this
study was a placebo-controlled study, psychological and
behavioral placebo responses should be considered. Spill-
er’’ analyzed 25 randomized, controlled studies of irrita-
ble bowel syndrome and found that median placebo re-
sponse was 47%, which is three times the size of the dif-
ference between drug and placebo response. The mini-
mum length of any clinical trial should be 3 months, be-
cause the placebo effect takes approximately 3 months to
tail off. In this study, subjects who received the placebo
also improved colonic transit, stool consistency, and con-
stipation-related symptoms. Nevertheless, F. carica paste
was superior to the placebo in achieving a therapeutic
response. Third, the sample size was powered to detect
changes in primary outcome (colonic transit). The final
sample size might be underpowered to detect more signif-
icant differences in secondary outcome (constipation-
related symptoms). This may be reflected in statistical
insignificance for some measures.

Traditional dietary patterns in East Asian countries are
characterized by high intake of rice, fermented foods, and
vegetables. However, this dietary pattern has recently
rapidly changed to be more similar to that of Western
countries, with a high intake of bread and meat. This
change may contribute to the increased prevalence of
gastrointestinal motility disorders including functional
constipation in the Korean population. Indeed, a recent
population-based study performed in a Korean communi-
ty shows that the prevalence is 16.5% for self-reported
constipation, 9.2% for functional constipation, and 3.9%
for constipation-predominant irritable bowel syndrome.'
At present, other than laxatives, there is no approved gut
motility-stimulating agent for constipation. Our study
demonstrates that F. carica paste is effective for acceler-
ating colonic transit without noticeable side effects.
Therefore, F. carica paste can be used to manage patients
with slow transit and functional constipation.
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