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May Chronic Childhood Constipation Cause Oxidative Stress
and Potential Free Radical Damage to Children?
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Objective  To investigate whether chronic childhood constipation (CCC) may cause oxidative
stress and potential free radical damage to children, and to explore the mechanisms by which CCC
may cause oxidative stress and potential free radical damage to chronic constipation patients (CCPs).
Methods Sixty CCPs and sixty healthy child volunteers (HCVs) whose ages, gender and others
were matched for the CCPs were enrolled in a randomized controlled study, in which levels of vitamin
C (VC) and vitamin E (VE) in plasma as well as activities of superoxide dismutase (SOD) and
catalase (CAT) in erythrocytes were determined by spectrophotometric analytical methods. Results
Compared with average values of the above biochemical parameters in the HCVs group, the average
values of VC and VE in plasma as well as those of SOD and CAT in erythrocytes in the CCPs group
were significantly decreased (P<0.0001). Linear regression and bivariate correlation analysis showed
that with prolonged course of the CCPs, the levels of VC and VE in plasma as well as the activities of
SOD and CAT in erythrocytes in the CCPs were decreased gradually (P<0.0001). Conclusion The
findings in the present study suggest that chronic childhood constipation causes oxidative stress and
potential free radical damage to children with chronic constipation.
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INTRODUCTION

Constipation is a symptom rather than a specific disease. It is generally defined by
patients as defecation frequency of twice weekly or less, and the defecation frequency of
patients with chronic constipation is much less still. However, the patients may differ in
their perception about constipation depending on psychological and social backgrounds.
Other descriptive features of constipation that may be independent of bowel habits include
stool consistency, sense of incomplete evacuation, and difficulty during defecation'' .. Up to
now, there have been neither reports on the abnormal free radical chain reactions in chronic
childhood constipation patients (CCPs), nor reports about the relationship between oxidative
stress, oxidative damage and chronic childhood constipation (CCC). In order to investigate
whether CCC could cause oxidative stress and potential free radical damage in CCPs, and to
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explore the mechanisms by which CCC could cause oxidative stress and potential free
radical damage, 60 CCPs and 60 healthy child volunteers (HCVs) were enrolled in a
randomized controlled study design, in which the levels of vitamin C (VC) and vitamin E
(VE) in plasma as well as the activities of superoxide dismutase (SOD) and catalase (CAT)
in erythrocytes were determined by spectrophotometric analytic methods. At the same time,
the differences between the average values of the biochemical parameters in the CCPs group
and the HCVs group were compared, the linear regression and bivariate correlation of the
course of CCPs and the biochemical parameters were analyzed.

MATERIALS AND METHODS

Study Design

A randomized controlled study design was used in this study. In order to obtain an
objective research conclusion, the principles of random, control, replication and equilibrium,
and the management factor, experimental effect and subjects, and the inclusion and
exclusion criteria of subjects, etc. were taken into full consideration, and were strictly
executed in the study!®'?.

Subjects

Chronic childhood constipation patients (CCPs)  Sixty chronic childhood constipation
patients (CCPs) were randomly selected from 103 CCPs who were confirmed by the
diagnostic criteria’™® and their samples were collected according to the inclusion and
exclusion criterial"™®, with “Select Cases-Random Sample” of “SPSS 11.0 for Windows”.
Their course of disease ranged from 1 to 5 (2.2+1.4) years, and they were agreed by their
parents and all were volunteers in this study.

Healthy child volunteers (HCVs) Sixty healthy child volunteers (HCVs) were
randomly sampled from 100 HCVs confirmed by comprehensive physical examination at
the Affiliated Children’s Hospital, College of Medicine, Zhejiang University, with “Select
Cases-Random Sample” of “SPSS 11.0 for Windows”. They had not any medical history of
acute or chronic constipation, they were agreed by their parents and all were volunteers in
this study.

There was no significant difference between average age, systolic and diastolic pressures,
hemoglobin, albumin and body mass index, and gender in the CCPs group and the HCVs
group.

In the above subjects, the common diseases associated with constipation were all excluded,
such as colon cancer, colonic neoplasms, benign strictures of the colon, colonic ischemia,
diverticular disease, inflammatory bowel disease, anorectal diseases, inflamed hemorrhoids,
anal fissure, rectal inflammation (e.g., proctitis) or rectal trauma, diabetes mellitus,
hypothyroidism, etc.!' ™.

The demographic data and some other data of 60 CCPs and 60 HCVs are presented in
Table 1.

In the medical history of the above CCPs and HCVs, the disorders associated with brain,
heart, lung, liver, kidney and other organs as well as blood system, circulatory system,
respiratory system and other systems were all excluded by their routine blood, urine and
feces examinations as well as radiographs, cardiogram and other necessary examinations.
Patients having a history of inflammation, hypertension, hyperlipidemia, acute or chronic
bronchitis, asthma, autoimmune disease, diabetes, atherosclerosis, tumors and other diseases,
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and subnutrition, malnutrition and other nutritional diseases were also all excluded.
TABLE 1

Demographic Data and Some Other Data in the CCPs Group and HCVs Group

Items CCPs (n=60) HCVs (n=60) P
8-14 8-14

Age (year) 0.7299*
(10.8£1.9) (10.9£+1.8)
M=34 M=30

Gender 0.5832°
F=26 F=30
59-107 58-108 )

Systolic Pressure (mm Hg) 0.9115°
(84.4£10.7) (84.2%10.6)

. . 41-65 43-65

Diastolic Pressure (mm Hg) 0.6316"

(55.7£6.2) (55.2%6.1)
) 112-139 111-139

Hemoglobin (g/L) 0.8181*
(133.7£6.0) (134.0£53)
30.84-42.75 31.02-42.34 )

Albumin (g/L) 0.9013*
(38.24+2.48) (38.181+2.34)
20.81-24.98 21.14-24.83

Body Mass Index 0.7691*
(23.28+1.07) (23.22+1.14)

Note. “Independent samples t test; "Pearson Chi-square test (Exact Sig.).

Within the prior month in which the above subjects volunteered the experimentation in
this study, none of the subjects had taken any antioxidant supplements such as VC, VE,
ginkgo biloba, tea polyphenols or other similar substances.

Methods

Collection and pretreatment of blood samples Fasting venous blood samples from
elbow vein in left arm were collected in the morning from all the subjects and heparin
sodium was added as anticoagulant, and the plasma and erythrocytes separated promptly
were stored at -50°C immediately™'®". The blood samples collected did not undergo any
hemolysis.

Determination of biomedical substances and enzymes plasma VC level Trichloroacetic
acid solution was used to sedimentate proteins in plasma and to extract VC from plasma.
The VC in the extract solution reduced Fe** in the ferric trichloride solution to Fe®*. Fe**
reacted with ferrozine to form a colored end product that was detected at 563 nm, and the
VC level was expressed as pmol/LP",

Plasma VE level Absolute ethanol was used to sedimentate proteins in plasma and
to extract VE from plasma. The VE in the extract solution reduced Fe’" in the ferric
trichloride solution to Fe*. Fe** reacted with ferrozine to form a colored end product that
was detected at 563 nm, and the VE level was expressed as pmol/L!',

Erythrocyte SOD activity Spectrophotometry of inhibiting pyrogallol auto-oxidation
was used to determine erythrocyte SOD activity expressed as U/g-Hb"'%).

Erythrocyte CAT activity Spectrophotometry of coloration of hydrogen peroxide
and acetic acid-potassium dichromate was used to determine erythrocyte CAT activity
expressed as K/g-Hb"™'%,
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The main analytical reagents in determining the above biochemical substances and
enzymes, such as vitamin C, vitamin E, 5,6-diphenyl-3-(2-pyridyl)-1,2,4-triazinedisulfonic
acid disodium salt (ferrozine), Cu/Zn-superoxide dismutase, catalase, 1,2,3-trihydroxybenzene
(pyrogallol), were purchased from SIGMA"™ Chemical Company, USA. The other analytical
reagents were produced in China. Fresh quadruply distilled water was prepared with a quartz
glass distilling apparatus. In the determination of the above biochemical substances and enzymes,
the main analytical instruments included Hewlett Packard 8453-Spectrophotometer, USA, and
others.

In determination of the above biochemical substances and enzymes, the standardization
of experiment, e.g. the same batch number of each reagent, the same quality control, the
same laboratory assistant, and the identical analytical apparatus were strictly used for each
experiment in order to decrease errors, and to ensure the analytical quality of determinations''?.

Medical Statistical Analysis

All data were statistically analyzed by SPSS 11.0 for Windows statistic software using a
Compaq Pentium IV/2.4 GHz computer. The biochemical parameters in this study presented
normal distributions by Kolmogorov-Smirnov Z test, and were expressed as X =5 and 95%
confidence interval (95% CI). Hypothesis testing methods included independent-samples t
test, Pearson Chi-square test (* test), linear regression and bivariate correlation analysis. In
the statistical analysis in this study, the level of hypothesis testing () was <0.05 in order
to avoid false positives (Type I error), and the power of hypothesis testing (power) was
=0.80 to avoid false negatives (Type Il error)'2.

RESULTS

Comparison Between Average Values (X=s) of Above Biochemical Parameters in the CCPs Group
and the HCVs Group, and 95% ClI

Compared with the average values of the biochemical parameters in the HCVs group,
the average values of VC and VE in plasma as well as those of SOD and CAT in
erythrocytes in the CCPs group were significantly decreased (Table 2). The upper limits of
95% CI of the average values of VC and VE in plasma as well as those of SOD and CAT in
erythrocytes in the CCPs group were less than the lower limits of 95% CI of those in the
HCVs group (Table 2).

TABLE 2

Comparison Between Average Values (X S) of Biochemical Parameters in the CCPs Group and the HCVs Group

Plasma Erythrocytes
Group n vC VE SOD CAT
(umol/L) (umol/L) (U/g . Hb) (K/g .. Hb)
CCPs 60 4538+12.03 20.18+5.04 19274152 261.0+68.5
(42.27-48.49) (18.88-21.48) (1887-1966) (243.3-278.7)
HCVs 60 56.84+15.07 26.49+6.87 2187179 318.7£86.0
(52.95-60.73) (24.72-28.26) (2141-2234) (296.5-340.9)
t 4.6045 5.7385 8.5925 4.0646
P <0.0001 <0.0001 <0.0001 <0.0001

Note. *Independent-samples t test. The figures in parentheses are 95% confidence interval (95% CI).
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Linear Regression and Bivariate Correlation Analysis Between Course of Disease and Each
Biochemical Parameter for 60 CCPs

The findings in linear regression and bivariate correlation analysis between the course
of disease and each biochemical parameter for 60 CCPs showed that when the course of
CCPs was prolonged, the levels of VC and VE in plasma as well as the activities of SOD
and CAT in erythrocytes were decreased gradually (Table 3).

TABLE 3

Linear Regression and Bivariate Correlation Analysis Between Course of Disease and Each Parameter in CCPs

Bivariate Correlation

Items n Linear Regression
r t P
Course and VC 60 Y =54.9622 - 43556 X -0.4934 4.3205 <0.0001
Course and VE 60 Y =24.5166-1.9712 X -0.5332 4.8000 <0.0001
Course and SOD 60 Y =2065.87 - 63.319 X -0.5656 5.2234 <0.0001
Course and CAT 60 Y =318.456 - 26.098 X -0.5190 4.6244 <0.0001
DISCUSSION

It is well known that VC and VE are important antioxidants, and SOD and CAT are
important antioxidases in the human. They play important roles in scavenging superoxide
anion radical (O3 ), hydroxyl radical (‘(OH) and other free radicals (FRs) as well as singlet
oxygen ('0,), hydrogen peroxide (H,0,) and other reactive oxygen species (ROS) which are
excessively generated in the human, and in preventing physiological and pathological
aggravation of a series of FRs chain reactions induced by excessive O3 , thereby protecting
the biological membranes of cells against oxidative stress and free radical damage®>.
Significantly decreased antioxidant levels and antioxidase activities in the human might
cause metabolic disorders and pathological aggravation of a series of FRs chain reactions,
thus inducing a variety of diseases associated with abnormal reactions of FRs"**,

The findings in this study suggested that chronic constipation might induce oxidative
stress and potential oxidative damage in the bodies of children. There might be several
interpretations.

In fact, constipation is a common complaint in clinical practice, and its pathophysiologic
mechanisms most often involve poor colonic propulsive activity, colonic dysfunction or
colonic motor disorders!' ™. The cause of the majority of constipation patients could not be
obviously identified, nor could the childhood constipation!'®. However, besides psychological
and physiologic factors, disordered colonic transit (e.g. reduced smooth muscle contractility,
lowered and disturbed bowel motility, and prolonged gut transit time) and disordered
anorectal function (e.g. inhibition of the desire to evacuate and impaired defecation) might
play, in all likelihood, an important role in this disorder'"®. Such phenomena could result
gradually in increased water absorption as well as solid and hard consistency of stools, and
at the same time, toxicants in stools such as ammonia, hydrogen sulfide, indole, etc. were
absorbed largely by intestinal tracts, and entered into blood circulation'*!. In addition, such
phenomena might cause intestinal flora imbalance, thereby drying up feces and aggravating
constipation!' 7],

A large amount of FRs and ROS could be generated both by excessive ammonia in
intestinal tracts and blood and by intestinal flora imbalance!®*. The excessive FRs and
ROS could interact directly with DNA, thus causing DNA damage, inhibiting or depressing
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DNA replication, and could attack strongly the active sites and active groups in the
molecular structures of VC, VE, SOD and CAT, thereby deactivating them®?!. The excessive
FRs and ROS could also cause oxidative decomposition and peroxidative modification of
many organic compounds in the body of CCPs, thereby further producing a large amount of
FRs and ROS, damaging DNA, deactivating antioxidants and antioxidases. As a consequence,
the levels of VC and VE as well as the activities of SOD and CAT in CCPs were decreased
markedly” >,

According to the data that we collected in this study, most children in the CCPs (41/60,
68.3%) often liked fried foods such as fried chicken, fried meat, fried pie, fried pork chop,
fried roll, etc. from KFC® and/or McDonald’s®, and did not like foods rich in vitamins and
celluloses. Such phenomena not only increased the solid and hard consistency of stools,
disordered the colonic transit and anorectal function, thus forming constipation!"*** but
also decreased the intake of VC, VE and other antioxidant vitamins, enhanced the oxidative
decomposition and peroxidative modification of lipids and other organic compounds,
thereby generating and releasing excessive FRs and ROS.

The findings in linear regression and bivariate correlation analysis in this study showed
that the values of the above biochemical parameters were closely related to the course of
disease in the CCPs, in other words, the longer the course of child constipation, the severer
the oxidative stress and the potential free radical damage in his or her body. In addition,
such a correlation further suggested that chronic constipation was a risk factor affecting
children’s physical and mental health.

In conclusion, the findings in the present study suggest that chronic childhood
constipation causes, in all likelihood, oxidative stress, thereby resulting in potential free
radical damage in the bodies of chronic childhood constipation patients.
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