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Abstract

Background

Constipation is a significant problem in the elderly, specifically more than 80% of
nursing home and/or extended-care facility residents are reported to suffer from
constipation. Lactic acid bacteria (LAB) are beneficial probiotic organisms that
contribute to improved nutrition, microbial balance, and immuno-enhancement of the
intestinal tract, as well as diarrhea and constipation effect. The objective of this study
was to investigate the efficacy of this LAB supplement in the management of nursing
home residents with chronic constipation.

Methods

Nineteen subjects (8M, 11F; mean age 77.1£10.1) suffering with chronic constipation
were assigned to receive LAB (3.0 x 10" CFU/g) twice (to be taken 30 minutes after
breakfast and dinner) a day for 2 weeks in November 2008. Subjects draw up a
questionnaire on defecation habits (frequency of defecation, amount and state of
stool), and we collected fecal samples from the subjects both before entering and after
ending the trial, to investigate LAB levels and inhibition of harmful enzyme activities.
Results were tested with SAS and Student’s t-test.

Results



Analysis of questionnaire showed that there was an increase in the frequency of

defecation and amount of stool excreted in defecation habit after LAB treatment, but

there were no significant changes. And it also affects the intestinal environment,

through significantly increase (p < 0.05) fecal LAB levels. In addition, tryptophanase

and urease among harmful enzyme activities of intestinal microflora were

significantly decreased (p < 0.05) after LAB treatment.

Conclusion

LAB, when added to the standard treatment regimen for nursing home residents with

chronic constipation, increased defecation habit such as frequency of defecation,

amount and state of stool. So, it may be used as functional probiotics to improve

human health by helping to prevent constipation.



Background

Constipation is prevalent in modern societies and is a common symptom in clinical
practice [1].

Constipation involves the large intestine and is a symptom rather than a disease. It is
characterized by a constellation of symptoms and complaints, the most common of
which are low defecation frequency (e.g. less than 3/week), irregular stool expulsion,
painful and strained defecation, hard and dry stool consistency, a feeling of
incomplete rectal defecation, and passing of abnormally small stools (e.g. less than 50
g/day) [2].

The prevalence of constipation and its impact on quality of life are most significant
among elderly individuals, with a reported incidence among ambulatory adults 65
years of age and older of 26% in men and 34% in women. The prevalence of
constipation is usually higher among elderly people living in nursing homes and
hospitals than those living in the community. Once admitted, other factors may
contribute to constipation (eg, changes in food and action, lack of exercise, loss of
privacy or personality factors). More than 80% of nursing home and/or extended-care
facility residents are reported to suffer from constipation. This population includes
persons with higher frequency of risk factors (immobility, polypharmacy, and chronic

medical conditions).



Dementia was reported as a risk factor for constipation, and such residents may be

more difficult to manage than cognitively intact patients [3]. Other risk factors for

constipation include the use of certain drugs (eg, anticholinergic antidepressants,

opioid analgesics, and nonsteroidal anti-inflammatory drugs [NSAIDs] including

aspirin). In clinical practice, however, the drugs that may be causing constipation may

need to be continued in spite of their negative effects on bowel function. In

constipation care studies, it was concluded that the nursing staffs’ performance of

constipation care-related tasks was time consuming and costly in the long-term care

setting [4].

LAB are currently used in the prevention and treatment of disease [5,6], specifically

in the intestinal environment, by inhibiting harmful bacteria through the lowering of

the intestinal pH, vitamin synthesis and blood cholesterol levels. LAB are also used to

treat intestinal disorders [7], for improving lactose malabsorption and immune

function [8], prevention of cancer [9] and particularly to improve diarrhea or

constipated conditions [7].

In the present study, we used LAB supplements containing Lactobacillus acidophilus

(affects acute diarrhea and colitis), Pediococcus pentosaceus (has anti-viral effects),

and Bifidobacterium longum SPM1205 (demonstrates in vivo inhibitory effects on



harmful enzyme activities of intestinal microflora) to demonstrate any potential

probiotic activity [10].

We aimed to investigate the efficacy of this LAB supplement in the management of

nursing home residents with chronic constipation.

Materials and methods

Participants

All the participants were recruited from the Eden Adventist Hospital in Gyeonggi-do,

Korea. Male and female nursing home residents with chronic constipation, and who

were presently receiving intervention (eg. laxatives, enemas and other invasive

procedures, such as manual removal of fecal impaction) were evaluated for enrolment

in the study. Because a significant number of the study participants were nursing

home residents, it was not always feasible to obtain a diagnosis according to “Rome

[1” criteria for constipation as a prerequisite for the inclusion criteria. Such a

diagnosis would require a level of communication with the patient that was not always

possible in this study. The exclusion criteria were participants with ileus, renal failure,

dialysis, Crohn’s disease, ulcerative colitis and chronic abdominal pain. Thus, we

screened 25 participants and included 8 male and 11 female participants that chose to

participate in the study.



Treatment

This study was designed to assess the effects of LAB (3.0 x 10'"' CFU/g) in the
regimen of nursing home residents suffering from chronic constipation, the dispensing
of standard treatment by nursing home staffs and on costs of care and medications.
Participants with chronic constipation were defined as residents who used laxatives at
least once a week.

The study protocol and the informed consent forms were reviewed and approved by
the Eden Adventist Hospital. Each participant, or his or her legal guardian, was
informed both orally and in writing. Written informed consent was obtained from all
participants, or from their legal guardians, before participation in the study.

Subjects were instructed on the aim and content of the trial, as well as test methods.
All 19 subjects were assigned to receive LAB twice (to be taken 30 minutes after
breakfast and dinner) a day for 2 weeks in November 2008. During the trial period,
the participants were prohibited from administering their existing laxative medications

and/or enemas in addition to the investigational product.

Questionnaire



Before entering the trial, the subjects completed a questionnaire on name, age, sex and
current defecation habits such as frequency of defecation in four steps from ‘once
more than three days’ to ‘more than twice a day’, amount of stool in three steps from
‘large’ to ‘small’, state of stool in five steps from ‘like stone’ to ‘like water’ and yes
or no about ‘currently taking any medicine for defecation’ (Table I).

Subjects were observed for any untoward symptoms such as vomiting, diarrhea or
abdominal pain. The nursing home staff recorded a defecation habit diary during the
study and this included information such as frequency of defecation as well as amount
and state of stool passed by the subjects.

After ending the trial, the subjects draw up a questionnaire on defecation habits.

Fecal LAB levels

We collected fecal samples from the subjects both before entering and after ending the
trial, to investigate LAB levels and harmful enzyme activity.

Fecal samples (0.1 g) were suspended in 0.9 ml of 0.1 M phosphate buffer (pH 6.8
containing 0.5% cysteine) using a vortex, and 0.1 ml was then serially diluted 10-fold
from 10" to 10”7. 1 ml was then poured into selective MRS agar. After 48 h of
incubation under anaerobic conditions (Bactron Anaerobic Chamber, Sheldon MFG.

Inc., USA), colonies were counted as LAB [10].



Harmful enzyme activities of intestinal microflora

Harmful enzyme activities such as -glucosidase, f-glucuronidase, tryptophanase, and

urease of intestinal microflora related to colon cancer were tested in human fecal

samples as previously described [11-13].

Assay of B-glucosidase activity

B-glucosidase activity was assayed using 2 ml of a reaction mixture containing 0.8 ml

of 2 mM p-nitrophenyl--D-glucopyranoside and 0.2 ml of the enzyme solution

(suspended fecal sample), incubated for 30 min at 37°C, and then stopped by adding 1

ml of 0.5 N NaOH. The reaction mixture was then centrifuged at 3,000 rpm for 10

min. Enzyme activity was measured by monitoring he absorbance at 405 nm.

Assay of B-glucuronidase activity

B-glucuronidase activity was assayed using 2 ml of a reaction mixture consisting of

0.8 ml of 2 mM p-nitrophenyl-B-D-glucuronide and 0.2 ml of the enzyme solution,

incubated for 30 min at 37°C, and then stopped by adding 1 ml of 0.5 N NaOH. The

reaction mixture was centrifuged at 3,000 rpm for 10 min. Enzyme activity was

measured by monitoring absorbance at 405 nm.



Assay of tryptophanase activity

Tryptophanase activity was assayed using 2.5 ml of a reaction mixture consisting of

0.2 ml of complete reagent solution (2.75 mg of pyridoxal phosphate, 19.6 mg of

disodium EDTA dihydrate, and 10 mg of bovine serum albumin in 100 ml of 0.05 M

potassium phosphate buffer, pH 7.5), 0.2 ml of 20 mM tryptophan, and 0.1 ml of the

enzyme solution, incubated for 1 h at 37°C, and then stopped by adding 2 ml of color

reagent solution (14.7 g p-dimethylaminobenzaldehyde in 52 ml H,SO4 and 948 ml

95% ethanol). The reaction mixture was then centrifuged at 3,000 rpm for 10 min.

Enzyme activity was measured by monitoring absorbance at 550 nm.

Assay of urease activity

Urease activity was assayed using 0.5 ml of a reaction mixture consisting of 0.3 ml of

urea substrate solution (4 mM urea in 20 mM sodium phosphate buffer, pH 7.0) and

0.1 ml of the enzyme solution, incubated for 30 min at 37°C and then stopped by

adding 0.1 ml of 1 N (NH4),SO4. Phenolnitroprusside reagent (I ml) and alkaline

hypochlorite reagent (NaClO, 1 ml) were added to the stopped reaction mixture and

incubated for 20 min at 65°C. The reaction mixture was centrifuged at 3,000 rpm for

10 min. Enzyme activity was measured by monitoring absorbance at 603 nm.
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Statistical analysis

The data were collected and analyzed independently of the investigators, who did not

have access to it or to its analysis. Analysis data of questionnaire were processed

using the SAS, and comparisons data of fecal LAB levels and harmful enzyme

activity of intestinal microflora were analyzed using the unpaired Student t test.

Differences were considered statistically significant at p < 0.05.

Results

Analysis of questionnaire

This study tested 19 subjects with a mean age of 77.1 and suffering from chronic

constipation; 8 males of mean age 77.4 and 11 females of mean age 76.9. Of these

subjects, only 15 subjects (79%) were currently receiving intervention such as

laxatives and/or enemas: 8 males (100%) and 7 females (64%) (Table II).

Subjects answered their defecation habits as follows; frequency of defecation: 11

individuals reported ‘once more than three days’ (57.9%), 3 ‘once two days’ (15.8%),

4 ‘once a day’ (21.1%) and 1 ‘more than twice a day’ (5.3%) before LAB treatment; 6

‘once more than three days’ (31.6%), 7 ‘once two days’ (36.8%), 6 ‘once a day’

(31.6%) and O ‘more than twice a day’ (0.0%) after LAB treatment; amount of stool: 4
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individuals reported ‘large’ (21.1%), 11 ‘medium’ (57.9%) and 4 ‘small’ (21.1%)

before LAB treatment; 8 ‘large’ (42.1%), 9 ‘medium’ (47.4%) and 2 ‘small’ (10.5%)

after LAB treatment; state of stool: 1 individual reported ‘like stone’ (5.3%), 5 ‘hard’

(26.3%), 12 ‘soft’ (63.2%), 1 ‘watery’ (5.3%) and O ‘like water’ (0.0%) before LAB

treatment; 0 ‘like stone’ (0.0%), 6 ‘hard’ (31.6%), 11 ‘soft’ (57.9%), 2 ‘watery’

(10.5%) and O ‘like water’ (0.0%) after LAB treatment (Table III).

According to the defecation habit diary recorded by the nursing home staff, frequency

of defecation (p = 0.676), amount of stool (‘large’; p = 1, ‘medium’; p = 0.664 and

‘small’; p = 0.289) and state of stool (‘like stone’; p = 0, ‘hard’; p = 0.109, ‘soft’; p =

0.365, ‘watery’; p = 0.377 and ‘like water’; p = 0) were not statistically significant

(Table 1IV).

Fecal LAB levels

Fecal LAB levels were significantly increased from 4.4 to 7.3 after LAB treatment

(p = 0.024) (Fig. 1.).

Harmful enzyme activities of intestinal microflora

Tryptophanase and urease among harmful enzyme activities of intestinal microflora

were decreased by 43% and 30%, respectively. Furthermore, there was a statistically
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significant decrease in both tryptophanase (p = 0.047) and urease (p = 0.005) after

LAB treatment (Fig. 2.).

Discussion

The composition of fecal microbiota, harmful enzyme activities such as B-glucosidase,

B-glucuronidase, tryptophanase, and wurease of intestinal microflora, fecal

concentration of short-chain fatty acids and plasma enterolactone, fecal frequency,

and consistency were determined [14].

For this reason, we analyzed the questionnaire and tested the fecal LAB levels and

harmful enzyme activities during the trials. The results showed that there were no

significant changes in defecation habits, but there was an increase in the frequency of

defecation and amount of stool excreted, after LAB treatment. In frequency of

defecation, ‘once more than three days’ was decreased from 11 (57.9%) to 6 (31.6%),

whereas ‘once two days’ and ‘once a day’ were increased from 3 (15.8%) to 7

(36.8%) and from 4 (21.1%) to 6 (31.6), respectively. In amount of stool, ‘small” was

decreased from 4 (57.9%) to 2 (31.6%), whereas ‘large’ was increased from 4 (21.1%)

to 8 (42.1%).

We also found that fecal LAB levels were significantly increased from 4.4 to 7.3 after

LAB treatment (p = 0.024). That is, LAB survive passage through the upper-
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gastrointestinal tract after oral feeding [15], and LAB treatment affects the intestinal

environment to favor LAB colonization. Ingested LAB produce lactate and SCFA

(Short-Chain Fatty Acids), which can improve constipation via changes in intestinal

microflora [16].

Harmful enzyme activities of intestinal microflora can implicate enterohepatic

circulation of toxic and carcinogenic substances [17]. The results of the present study

showed a significant decrease in the activities of tryptophanase and urease, which are

harmful enzymes comprising the intestinal microflora, by 43% and 30% in subjects

after LAB treatment, respectively (p values are 0.047 and 0.005). Thus, LAB may be

potentially beneficial as functional probiotics in preventing colon cancer because of

their inhibitory effects on harmful enzyme activities of intestinal microflora.

It would appear that one of the shortcomings of this study was that it was not

conducted as a randomized, double-blind, placebo-controlled study. However, this

was not possible given the serious health conditions and the number of subjects

involved in the study.

Another possible limitation of this study was that while the difference in frequency of

defecation, amount, and state of stool were evaluated, other potentially related

variables such as time and sense of defecation were not evaluated. This was because
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of the difficulties in conversing with several subjects and the time and work-

restrictions of the nursing home staff members.

LAB affected the intestinal environment by producing a clinically relevant difference

in defecation habits, fecal LAB levels and harmful enzyme activities of intestinal

microflora. Also, we encountered no adverse events with the daily use of LAB, which

can be used alone or in combination with other previously mentioned interventions.

Thus, the results of this study showed that the LAB supplement tested, produced

positive effects on the management of nursing home residents with chronic

constipation.

Conclusions

The present study demonstrated that LAB improves defecation habit (frequency of

defecation, amount and state of stool) in nursing home residents with chronic

constipation. In addition, this LAB improved the balance of the intestinal microflora,

which exert beneficial effects by decreasing harmful enzymes activities such as

trytophanase, urease. Furthermore, it also affects the intestinal environment, through

increase of fecal LAB levels. Therefore, LAB may be used as functional probiotics to

improve human health by the management of constipation, helping to prevent colon

15



cancer. Thus, the results of this study warrant follow-up with a larger multicenter

study to further assess efficacy.

Competing interests

The author(s) declare that they have no competing interests.

Authors’ contribution

This study was conceived by NJH and designed by NJH, KOL and JGP. NJH, KOL
and JGP were responsible for obtaining funding and sample collection. Clinical trials,
fecal LAB levels and harmful enzyme activities test were done by HMA, EHB, SJ,
DKL, MJK and JRK. HMA performed data analysis and wrote the draft of the

manuscript. All authors read and approved the final manuscript.

Acknowledgments

The authors express their appreciation to Jong Gi Park, administrator of Eden
Adventist Hospital, for allowing us to conduct the research; Sae Jong Park, Jae
Myung Cheong and nursing home staffs, assistant director of Eden Adventist Hospital,

took over the coordination of the study as well as the monitoring tasks.

16



This study was supported by the Sahmyook University Research Fund (2008). The

authors are grateful to the Department of Pharmacy of Sahmyook University and for

the financial support provided by the Sahmyook University Research Fund.

References

1.

Bharucha AE: Constipation. Best Pract Res Clin Gastroenterol 2007,

21:709-731.

Bosaeus I: Fibre effects on intestinal functions (diarrhea, constipation

and irritable bowel syndrome). Clin Nutr Suppliments 2004, 1:33-38.

Volicer L, Lane P, Panke J, Lyman P: Management of constipation in

residents with dementia: Sorbitol effectiveness and cost. J Am Med Dir

Assoc 2004, 5:239-241.

Frank L, Schmier J, Kleinman L: Time and economic cost of constipation

care in nursing homes. J Am Med Dir Assoc 2002, 3:215-223.

Kim JH, Kim HJ, Son JH, Chun HN, Yang JO, Choi SJ, Park NS, Choi GH,

Kim SK: Effect of Lactobacillus fermentum MG3590 on alchole

Metabolism and liver function in rats. J Microbial Biotechno 2003,

13:919-925.

Menino MJ, Cutrin C, Vieira R, Barrio E, Parafita MA: Colchicine alters

17



10.

11.

lactate utilization in isolated hepatocytes of rats treated with CCl4 and

ethanol. Life Sci 1993, 52:13-18.

Yun JH, Yim DS, Kang JY, Kang BY, Shin EA, Chung MJ, Kim SD, Baek

DH, Choi SS, Ha NJ: Identification of Lactobacillus ruminus SPM0211

isolated from healthy Korean and screening for the antimicrobial

activity of this strain against some pathogens. Arch Pham Res 2005,

28:660-666.

Park SY, Ji GE, Ko YT, Jung HK, Ustunol Z, Pestka JJ: Potentiation of

hydrogen peroxide, nitric oxide and cytokine production in RAW 264.7

macrophage cells exposed to human and commercial isolates of

Bifidobacterium. Int J Food Microbiol 1999, 46:231-241.

Salminen S, Deghton M, Gorbach S: Lactic acid bacteria in health and

disease. In Lactic Acid Bacteria. Edited by Salminen S, Wright AV. New

York: Marcel Dekker; 1974:199-226.

Choi SS, Kang BY, Chung MJ, Kim SD, Park SH, Kim JS, Kang CY, Ha NJ:

Safety assessment of potential Lactic Acid Bacteria Bifidobacterium

longum SPM120S5 isolated from healthy Koreans. J Microbiol 2005,

43:493-498.

Gutmann I, Bergmeyer HU: Urea. In Methods of enzymatic analysis.

18



12.

13.

14.

15.

16.

17.

Edited by Bergmeyer HU. New York: Academic Press; 1974:1791-1794.

Kim DH, Kang HJ, Kim SW, Kobayashi K: pH-inducible pB-glucuronidase

and B-glucosidase of intestinal bacteria. Chem Pharm Bull 1992, 40:1967-

1969.

Kim DH, Lee JH, Bae EA, Han MJ: Induction and inhibition of indole of

intestinal bacteria. Arch Pharm Res 1995, 18:351-533.

Grasten SM, Juntunen KS, Mitté J, Mykkdnen OT, EI-Nezami H,

Adlercreutz H, Poutanen KS, Mykkinen HM: High-fiber rye bread

improves bowel function in postmenopausal women but does not cause

other putatively positive change in the metabolic activity of intestinal

microbiota. Nutr Res 2007, 27:454-461.

Pochart P, Marteau P, Bouhnik Y, Goderel 1, Bourlioux P, Rambaud JC:

Survival of bifidobacteria ingested via fermented milk during their

passage through the human small intestine: and in vivo study using

intestinal perfusion. Am J Clin Nutr 1992, 55:78-80.

Hanne H, Inge NA, Per BM: Effect of lactic acid bacteria on the intestinal

production of lactate and short-chain fatty acid, and the absorption of

lactose. Am J Clin Nutr 1994, 59:74-79.

Corinne GD, Claire C, Christophe P, Francoise P, Pierre V, Christine B,

19



18.

19.

Odette S, Claude A: Milk fermented with yogurt cultures and

Lactobacillus casei compared with yogurt and gelled milk: influence on

intestinal microflora in healthy infants. Am J Clin Nutr 1998, 67:111-117.

Ahn TS: Loosing the constipation by capsulated yogurt. J Microbiol 1999,

35:94-97.

Sam B, Josef B, Greg C, Barbara V: Efficacy of an herbal dietary

supplement (smooth move) in the management of constipation in nursing

home residents: a randomized, double-blind, placebo-controlled study. J

Am Med Dir Assoc 2006, 1:556-561.

20



Figures

Figure 1 - Changes of total LAB counts in subjects.

All 19 subjects were orally administered twice (to be taken 30 minutes after breakfast
and dinner) a day for 2 weeks with LAB (3.0 x 10'"' CFU/g). Data are presented as
means and standard deviation. *p < 0.05 statistically significant compared with before

LAB treatment.

Figure 2 - In vivo inhibitory effects of LAB on fecal harmful enzymes in subjects.

All 19 subjects were orally administered twice (to be taken 30 minutes after breakfast
and dinner) a day for 2 weeks with LAB (3.0 x 10'"' CFU/g). (A) Tryptophanase
activity, (B) Urease activity, Before: before the experiment started, After: at the end of
experiment. Data are presented as means and standard deviation. *p < 0.05
statistically significant compared with before LAB treatment. ** p < 0.01 statistically

significant compared with before LAB treatment.
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Tables

Table 1 - Questionnaire

Questionnaire

Name: ( )
Age: ( )
Sex: Male ( ), Female ( )

* Before LAB treatment *
The following list shows the questions about currently your defecation habits.
1. Frequency of defecation?
"] Once more than three days '] Once two days [] Once a day [| More than twice a day
2. Amount of stool?
") Large () Medium [ | Small
3. State of stool?
) Like stone [| Hard [ Soft [ | Watery [ | Like water
4. Are you currently take any medicine for defecate the stool?

"1 Yes (What is it? ) I No

...........................................................................................................................

* After LAB treatment *
The following list shows the questions about your defecation habits after LAB treatment.
1. Frequency of defecation?
" Once more than three days [] Once two days [ | Once a day [| More than twice a day
2. Amount of stool?
") Large ) Medium [ | Small
3. State of stool?

) Like stone [| Hard [ Soft [| Watery [ Like water
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Table 2 - Fundamental characteristic of subjects

Total Male Female
Number 19 8 11
Age 77.1 +£10.1* 77.4+£10.7 76.9 £10.2
Intervention® 15 (79%) 8 (100%) 7 (64%)

*Each value provided is the mean + standard deviation.

bLaxatives, enemas and other invasive procedures, such as manual removal of fecal impaction.
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Table 3 - Analysis of questionnaire before and after LAB treatment

Before After
N=19 (%) N=19 (%)
Once more than three days 11 (57.9) 6 (31.6)
Frequency of defecation Once two days 3(15.8) 7 (36.8)
Once a day 4(21.1) 6 (31.6)
More than twice a day 1(5.3) 0( 0.0
Large 4(21.1) 8 (42.1)
Amount of stool Medium 11 (57.9) 9(47.4)
Small 4(21.1) 2 (10.5)
Like stone 1(5.3) 0( 0.0
Hard 5(26.3) 6 (31.6)
Sate of stool Soft 12 (63.2) 11 (57.9)
Watery 1(53) 2 (10.5)
Like water 0( 0.0 0( 0.0
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Table 4 - Analysis of defecation habit diary before, during and after LAB

treatment

Variables Total Before During After p value®

Frequency of defecation

Frequency 3.71 £2.23° 3.33+£250 4.07 £2.37 3.73+£1.87 NS¢
Amount of stool
Large 0.07 £0.25 0.07 £0.26 0.07 £0.26 0.07 £0.26 NS
Medium 2.76 £2.29 253+£2.72 2.53+£242 320+ 1.70 NS
Small 0.89£1.79 0.73+1.79 1.47£2.23 047 +1.13 NS

State of stool

Hard 0.78 +£1.26 0.47 £ 1.06 1.33+1.72 0.53+0.64 NS
Normal 2.40+2.29 240+253 1.80 +2.24 3.00 £ 2.07 NS
Watery 0.53+1.44 0.47 +£0.83 0.93 +2.28 0.20+0.56 NS

*Each value provided is the mean + standard deviation.
®Significance from each other at p < 0.05 as determined by Duncan's multiple-range test.

°NS: not significant.
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