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proximal strain gauge transducer (SG1) was 5 cm
distal to the ileocecal junction and the most distal one
(SG6) was 5 cm proximal to the peritoneal reflection.
The remaining transducers SG2 to SGS5, were
implanted in between SG1 and SG6 so that the
distance between successive gauges was about the
same (7-10 cm). The strain gauge transducers were
oriented with their longitudinal axis parallel to the
circular muscle axis. The lead wires were brought out
through a stainless steel cannula in the left abdominal
wall as described previously."

The dogs were allowed to recover for 10 days after
surgery. The animals were fasted for 16 hours before
each experiment. On the day of the experiment, at
least two hours of control recording was made
showing at least two colonic migrating motor com-
plexes as described previously.® A colonic migrating
motor complex was defined as that contractile state
that migrated orad or caudad over at least four
consecutive recording sites — that is, over at least half
the length of the colon. A contractile state was
defined as a burst of contractions that lasted for at
least one minute. Two successive contractile states
were separated by a quiescent period of at least two
minutes.® One of the following substances was given
orally: 1 ml/kg, 2 ml/kg, and 4 ml/kg castor oil (USP,
Lannett Co, Philadelphia, PA), 4 ml/kg olive oil
(USP, Lannett Co, Philadelphia, PA) or 0-5 g/kg
magnesium citrate (McKesson Lab, Dublin, CA).
Olive oil, a triglyceride like castor oil but without a
cathartic action, was used as a control. Each sub-
stance and each concentration was given twice to
each dog. Experiments in which dogs expelled part of
the laxative by vomiting during the recording session
were not counted. Higher doses of the above sub-
stances were not used because they frequently caused
vomiting. Magnesium citrate and castor oil usually
caused diarrhoea overnight or on the following day.
The time of onset of diarrhoea was unpredictable.
Due to physical limitations, the recordings were
continued for only 10 hours after the administration
of laxatives or until defecation, whichever came first.
A rest period of three to seven days was allowed for
the recovery of dogs from the diarrhoeal state. The
recordings were made on a Grass polygraph (model
7D) with lower and upper cut off frequencies set at
DC and 3 Hz respectively. The signals were recorded
simultaneously on a Hewlett Packard model 3968A
tape recorder for later condensing of data in
time.

In order to distinguish between the effects of
instillation of the above substances into the stomach
(gastrocolonic response), and the effects caused by
the arrival of secretions due to these laxatives and
their by-products into the colon, the total recording
period was subdivided into test period I and test
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Fig.2 (a) Effects of olive oil and laxatives on the period of
colonic migrating motor complexes. Rectangles and bars
represent mean+SE values. (b) Effects of olive oil and
laxatives on the total duration of contractile activitylh during
test periods I and I1. Open, light, and dark rectangles
represent control, test period I and test period 11, respectively.

period II. Test period I comprised the first two hours
after the administration of a substance and test
period II the remaining period. The total duration of
contractile activity/hour at all recording sites during
these two test periods was determined and compared
with the control value.

All the data were analysed visually for the onset
and duration of contractile states at each recording
site and for the migration characteristics of motor
complexes as described previously.® The analysis of
variance and Student’s t-test were used for statistical
analysis. A p value of <0-05 was taken as statistically
significant. All values are given as mean+SE.

Results
GENERAL EFFECTS OF LAXATIVES

Defecation occurred within the 10 hour recording
period after the administration of laxatives in 12-5,
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Fig.3 Effects of magnesium citrate on colonic motor
activity. Solid lines show caudad migrating motor
complexes. Rest of the contractile states did not show any
consistent migration pattern. Magnesium citrate increased
the CMMC period mainly by producing more non-migrating
motor complexes.

25, 37-5, and 88-8% of experiments with magnesium
citrate, 1 ml’kg, and 2 ml/kg and 4 ml/kg castor oil
respectively. The earliest defecation occurred five
hours after laxative administration. The mean inter-
val between laxative administration and defecation
was 7+0-5 SE hours. Olive oil, 4 ml/kg, did not cause
defecation within the 10 hour recording period in any
of eight experiments and there was no apparent
change in stool consistency. Magnesium citrate and
castor oil in all doses produced watery stools.

EFFECTS OF LAXATIVES ON COLONIC MIGRATING
MOTOR COMPLEXES

All dogs showed spontaneous colonic migrating and
non-migrating motor complexes as shown in Figure
1. Each recording site showed alternating contractile
and quiescent states. The solid lines connecting the
onsets of contractile states at adjacent sites show
caudad migration while the broken lines show orad
migration of colonic motor complexes. The tracing
in Figure 1 shows two colonic migrating motor
complexes and two colonic non-migrating motor
complexes. The time lag between two successive
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Fig.4 Effects of I ml/kg castor oil on colonic motor
activity. Colonic migrating motor complexes are indicated by
solid lines. Castor oil decreased the number of CMMC by
producing long periods of inhibition of motor activity.
Amplitude of contractions after castor oil was smaller than of
those during the control period.

CMMC was called the period of colonic migrating
motor complexes. The contractile states in a colonic
non-migrating motor complex do not migrate atall or
do not migrate consistently in the orad or the caudad
direction over at least half the length of the colon.
Two consecutive colonic migrating motor complexes
may thus be separated by a quiescent state or by one
or more non-migrating motor complexes.
Magnesium citrate significantly increased the
CMMC period from 48+4 SE min to 117£12 SE min
(Fig. 2a). The increase in CMMC period caused by
magnesium citrate was largely because of the occur-
rence of non-migrating motor complexes in the colon
(Fig. 3). Magnesium citrate had no significant effect
on the total duration of contractile activity/hour
during the first two hours after its administration (test
period I), but it significantly increased it during the
remaining period (test period IT) as shown in Fig. 2b.
Castor oil, 1, 2, and 4 ml/kg, significantly increased
the CMMC period from 48+£4 SE to 112126, 131124
and 211£63 SE min respectively. The increase in the
CMMC period after castor oil was largely because of
an increase in the duration of quiescent states as
shown in Figure 4. In some experiments, however,
the increase was also because of an increased
incidence of non-migrating motor complexes. All
doses of castor oil significantly decreased the total
duration of contractile activity/hour during test
period II (Fig. 2b). Only 4 ml/kg castor oil signifi-
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Fig.5 Effects of olive oil on colonic motor activity. Solid
lines show the caudad migrating motor complexes, and
broken lines the orad migrating motor complexes. Rest of the
contractile states did not migrate over more than half the
length of the colon. Olive oil had no significant effect on the
period of colonic migrating motor complexes.

cantly decreased the duration of total contractile
activity/hour during test period 1. Visual observation
indicated that the amplitude of colonic contractions
was smaller after castor oil than that during the
control recording period.

Olive oil had no significant effect on the CMMC
period or the total duration of contractile activity/
hour during test periods I and II (Figs 2 and 5).

None of the substances at any dose changed the
percentage of orad migrating motor complexes in
comparison with control values. The percentages
were 16+4 SE and 17+8 SE before and after all three
doses of castor oil, 16+8 SE and 17+4 SE before and
after magnesium citrate, and 66 SE and 8+3 SE
before and after olive oil.

REGIONAL EFFECTS OF LAXATIVES ON COLONIC
MOTOR ACTIVITY

The effects of oral laxatives on the period of con-
tractile states in the proximal (SG1, SG2), middle
(SG3, SG4) and distal colon (SGS5, SG6) were
evaluated separately. Magnesium citrate and olive oil
both increased the period of contractile states during
test period II in the proximal and the middle colon
(Fig. 6). In contrast, castor oil (1 and 2 ml/kg)
significantly increased the period of contractile states
in the distal colon only. The increase after 4 ml/kg did
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Fig. 6 Effects of olive oil, magnesium citrate and castor oil
on the period of cyclic motor activity in the proximal, middle
and distal colon. The first 10 strain gauge transducers
comprised the proximal colon, next two the middle colon,
and the last two the distal colon.

not reach the level of significance. There was no
consistent effect at other doses and in other parts of
the colon.

PERIODS OF TOTAL INHIBITION OF COLONIC
MOTOR ACTIVITY BY LAXATIVES
Periods in which motor activity was completely
absent for at least 60 minutes over at least three
consecutive recording sites were called periods of
total inhibition of motor activity (Fig. 4). Such
periods of total inhibition of motor activity were
observed in only three of 40 experiments (7-5%)
during the control period. In contrast, periods of
total inhibition occurred in 50, 25, 37-5, 50, and 75%
of experiments after olive oil, magnesium citrate,
1 ml/kg, 2 ml/kg and 4 ml/kg castor oil respectively
(Table). The total duration of inhibitory periods as a
percentage of the total recording period was the
shortest after magnesium citrate and the longest after
4 ml/kg castor oil (Table). The first incidence of total
inhibition of motor activity with magnesium citrate
occurred soon after its administration while that with
castor oil and olive oil took 40 minutes to several
hours (Table).

There seemed to be no relationship between the
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Table Periods of total inhibition of motor activities before and after test substances

Olive oil Magn citr Castor oil Castor oil Castor oil
Control 4mllkg 50mglkg I'mllkg 2mllkg 4mllkg
Occurrence of PI* (% of experiments) 7-5 50 25 37-5 50 75
Percentage time of PI* (out of total recording 29 10-6 55 12-8 11-7 26-1
time)
Mecan duration of PI* [rangc] (min) 65[62-69] 129[71-202] 127]60-195] 131[{62-185] 116[78-149] 115[68-257|

Mecan time lag between laxative administration  —
and first occurrence of PI* [range] (min)

219(72-353]

700-14]  173[160-190] 196(55-455]  73[40-100]

*PI: Periods of total inhibition of motor activity at three or more consecutive recording sites.

occurrence of total inhibitory periods and the occur-
rence of defecation within the 10 hour recording
period. Defecation within the recording period
occurred in 40% of experiments in which total
inhibitory periods were present and in 41% of
experiments in which they were not present.

MOTOR ACTIVITY DURING DEFECATION AFTER
LAXATIVES

When defecation occurred during the recording
period after laxatives it was generally associated with
giant migrating contractions (GMC) as we have
described previously." We observed a total of 14
defecations during the 10 hour recording period after
administration of the laxatives. In one case, a GMC
migrated over the entire colon. Ten defecations were
accompanied by giant migrating contractions that
migrated over part of the colon as shown in Figure 7.
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Their mean migration distance was 26-9+4-3 SE cm.
During two defecations only single giant contractions
occurred at the most distal recording site and in one
case giant contractions occurred almost simul-
taneously at different recording sites at the time of
defecation. The mean amplitude ratio of the giant
contractions and the maximal amplitude of contrac-
tions during the contractile states in the control
period at the same recording sites was 2-8+0-2 SE.

Discussion

Several laxatives are known to alter epithelial fluid
transport resulting in net fluid accumulation.”" Net
fluid accumulation may result from decreased
absorption or increased secretion or both. Ricinoleic
acid, the active component of castor oil and mag-
nesium sulphate, both increase secretion in the small

@ - C expanded 4x

SG6 (60 cm)

10 min

@

""“‘NMM“—‘

2min Defecation

oS e

—_—

10mMin  7hours after  Defecation
4ml/kg castor oil

Fig.7 Colonic motor activity during defecation after castor oil: (A) a migrating motor complex during the control period.
(B) the last 60 min of recording before defecation. Expanded recording at the time of defecation (c) shows a giant migrating
contraction migrating over the proximal, middle and part of the distal colon.
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intestine of man." " It was, therefore, proposed that
the early bowel movement of soft faecal material
after these laxatives or frequent bowel movements
during the diarrhoeal state may primarily be because
of changes in epithelial transport.”" The possible
role of motor activity in this phenomenon was
questioned.

Our findings suggest that laxatives may have pro-
found concurrent effects on colonic motor activity. It
is not known, however, if the changes in motor
activity are caused by an increased fluid load entering
the colon from the small intestine or by a direct action
of active components of laxatives on the colon. The
epithelial transport and motor functions of the
gastrointestinal tract are closely related, a change in
one may induce a change in the other. For this
reason, it may be difficult to separate motor effects
that are secondary to secretion from those that are
due to direct effects of active components of laxa-
tives. It seems that both motor as well as epithelial
transport changes may be important in the action of
laxatives.

Both castor oil and magnesium citrate significantly
increased the period of colonic migrating motor
complexes, but this effect was achieved in different
ways. The increase in the period of colonic migrating
motor complexes after castor oil was largely because
of prolonged periods of quiescence and hence a
decrease in the total duration of contractile activity of
the colon. The increase in CMMC period after
magnesium citrate, on the other hand, was largely
caused by an increase in the number of non-migrating
motor complexes and thus an increase in the total
duration of contractile activity. In contrast, olive oil
had no significant effect on the period of colonic
migrating motor complexes.

Lower doses of ricinoleic acid, the active ingredi-
ent of castor oil, stimulate and higher doses inhibit
colonic motor activity in vitro.” We did not find such
a biphasic effect with oral doses of castor oil ranging
from 1-4 ml/kg. Higher oral doses of castor oil could
not be used due to their emetic effects. In our study
the periods of total inhibition of motor activity
increased at higher doses of castor oil. These differ-
ences may be because of several reasons: (1) In in
vitro environment, the ricinoleic acid was directly in
contact with the enteric plexuses and the smooth
muscle. In our preparation, the ricinoleic acid may
primarily be in contact with the mucosa. It is not
known if the ricinoleic acid is taken up by the mucosal
surface to contact the plexuses. (2) Other factors such
as net fluid accumulation in the lumen, entero-enteric
reflexes and intact extrinsic neural innervation may
also contribute to overall in vivo effects while these
factors are absent in in vitro environment. (3) The
effective doses of ricinoleic acid to which the colon
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was exposed in our study may be different from those
used in in vitro experiments.

The orad migration of colonic motor complexes,
though less frequent than their caudad migration, is a
unique feature of colonic motor activity. Phase III
activity in the small intestine has not been reported to
migrate orad. None of the laxatives changed the
percentage of orad migrating motor complexes. Thus
the direction of migration of motor complexes may
not play a role in diarrhoea.

Several investigators reported previously that the
colon is hypomotile during the diarrhoeal state.®"
We also found an increased incidence of prolonged
periods of motor quiescence after castor oil and
magnesium citrate. But the occurrence of these
increased periods of quiescence was unpredictable
and it was not always related to the occurrence of
early defecation. It is possible that the occurrence of
the prolonged periods of motor quiescence may
depend upon the amount of faecal material present in
the colon at the time of the experiment. On some
days the dogs may have defecated before the experi-
ments and on other days they may not have. On
the other hand, when colonic motor activity was
recorded from patients with diarrhoea, they usually
had diarrhoea for several days and their colon may be
more or less empty of faecal material.

The motor response of the colon to oral laxatives
seems to be different from that of the small intestine.
Atchison et al'? reported that bursts of electrical
response activity and hence contractions were more
organised in the jejunum after laxatives and they
propagated caudad. Similarly, Mathias et al** and
Burns et al* reported organised caudad migration of
response activity in response to ricinoleic acid,
cholera toxin and Escherichia coli. The colon seems
to respond to laxatives by increasing the duration of
quiescent states or by producing more disorganised
contractile activity. This finding is in agreement with
that of Christensen et al* in vitro and of Wienbeck® in
vivo that the electrical control activity is phase-
unlocked for a greater percentage of time in the cat
colon after treatment with castor oil or ricinoleic
acid.

Olive oil had no apparent effect on stool con-
sistency and did not cause defecation during the
recording period in our study. The main fatty acid in
the triglyceride olive oil, is known to induce water
and electrolyte secretion in the small intestine and to
inhibit absorption in the colon."? It has, however,
also been reported that oleic acid is better absorbed
in the small intestine than ricinoleic acid." It is,
therefore, possible that very low concentrations of
oleic acid reached the colon and, therefore, the colon
was able to absorb the additional fluid secretion of
small intestine. Other investigators have also
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reported that large doses of olive oil do not cause
diarrhoea whereas identical doses of castor oil do.*

The final act of defecation after laxatives was not
related to the presence or absence of colonic motor
complexes or to increased or decreased colonic
motor activity but to the occurrence of giant migrat-
ing contractions. Hardcastle and Mann also reported
that laxatives like bisacodyl, oxyphenisatin, and
sennoside administered directly into the colon, pro-
duced giant migrating contractions that were associ-
ated with rapid propulsion of colonic contents.”* We
reported recently that these giant migrating contrac-
tions are associated with spontaneous and pharma-
cologically induced defecation." The mechanisms
that trigger giant migrating contractions and early
defecation several hours after the oral administration
of castor oil or magnesium citrate are not known yet.
Is it because of the arrival of a certain volume of
faecal material in the colon, a direct stimulatory
effect of active components of laxatives when they
reach a certain concentration in the intraluminal
contents or plasma, or is it because of a calculated
response or reflex of the colon after it realises that it
cannot handle the increased fluid load and it must be
expelled? Further work needs to be done to elucidate
the mechanism of early defecation caused by
laxatives.

In conclusion, oral laxatives that are known to
induce net fluid accumulation also have profound
effects on colonic migrating motor complexes and
colonic motor activity. The physiological effect of
oral laxatives — that is, early defecation of soft stools,
may be because of changes in both epithelial trans-
port and gastrointestinal motor function.

Supported in part by grant AM32346 from National
Institutes of Health. MK is supported by Deutsche
Forschungsgemeinschaft (Ka631/1-2). MW’s present
address is Medizinische Einrichtungen der
Universitat Diisseldorf, Diisseldorf, FR Germany.

References

1 Atchison WD, Stewart JJ, Bass P. A unique distribu-
tion of laxative-induced spike potentials from the small
intestine of the dog. Am J Dig Dis 1978; 23: 513-20.

2 Atchison WD, Klasek GJ, Bass P. Laxative effects on
small intestinal electrical activity of the conscious dog.
In: Duthie HL, ed. Gastrointestinal motility in health and
disease. Lancaster: MTP Press, 1978: 73-81.

3 Mathias JR, Martin JL, Burns TW, Carlson GM,
Shields RP. Ricinoleic acid effect on the electrical
activity of the small intestine in rabbits. J Clin Invest
1978; 61: 640-4.

4 Christensen J, Freeman BW. Circular muscle electro-
myogram in the cat colon: local effect of sodium
ricinoleate. Gastroenterology 1972; 63: 1011-5.

5 Wienbeck M, Kreuzpaintner G. Experimental diarrhea
in the unanesthetized cat. Differential effects of

~

x

1€

—_—

15

16

1

~

1

x

19

20

2

22

23

24

1119

laxatives on the electrical activity of the colon. In:
Vantrappen G, ed. Proc 5th Symposium on GI motility.
Herentals: Typoff Press, 1975: 442-6.

Sarna SK, Condon R, Cowles V. Colonic migrating and
nonmigrating motor complexes in dogs. Am J Physiol
1984; 246: G355-60.

Sarna SK, Lang IM. Effect of a meal on colonic motor
complexes: gastrocolonic response. Gastroenterology
1985; 88: 1571.

Sarna SK. Myoelectric correlates of colonic motor
complexes and contractile activity. Am J Physiol 1986;
250: G213-20.

Binder HJ. Pharmacology of laxatives. Ann Rev
Pharmacol Toxicol 1977; 17: 355-67.

Binder HJ, Donowitz M. Clinical trends and topics: a
new look at laxative action. Gastroenterology 1975; 69:
1001-5.

Ammon HV, Thomas PJ, Phillips SF. Effects of oleic
and ricinoleic acids on net jejunal water and electrolyte
movement. Perfusion studies in man. J Clin Invest 1974;
53:374-9.

Wanitschke R, Ammon HV. Effects of magnesium
sulfate on transit time and water transport in the human
jejunum. Gastroenterology 1976; 70: 949.

Fingel, E. Laxatives and cathartics. In: LS Goodman, A
Gilman, eds. The pharmacological basis of therapeutics.
New York: McMillan, 1975: 976-86.

Karaus M, Sarna SK, Ammon HV, Wienbeck M.
Colonic motor complexes during laxative induced
diarrhea. Gastroenterology 1985; 88: 1438.

Sarna SK, Stoddard C, Belbeck L, McWade D. Intrinsic
nervous control of migrating myoelectric complexes
(MMC's). AmJ Physiol 1981; 241: G16-23.

Karaus M, Sarna SK. Giant migrating contractions in
the dog colon during defecation. Gastroenterology 1987
(In press).

Wienbeck M, Karaus M. The effects of deoxycholic and
ricinoleic acid on the isolated circular muscle of the cat
colon are modified by leucine-enkephalin. Z Gastro-
enterol 1983; 21: 365-72.

Connell AM. The motility of the pelvic colon. Part II.
Paradoxical motility in diarrhoea and constipation. Gut
1962; 3: 342-8.

Wangel AG, Deller DJ. Intestinal motility in man. I11.
Mechanisms of constipation and diarrhea with particular
reference to the irritable colon syndrome. Gastro-
enterology 1965; 48: 69-84.

Mathias JR, Carlson GM, DiMarino AJ, Bertiger G,
Morton HE, Cohen S. Intestinal myoelectric activity in
response to live vibrio cholerae and cholera enterotoxin.
J Clin Invest 1976; 58: 91-6.

Burns TW, Mathias JR, Carlson GM, Martin JL,
Shields RP. Effect of toxigenic escherichia coli on
myoelectric activity of small intestine. Am J Physiol
1978; 235: E311-5.

Ammon HV, Phillips SF. Inhibition of colonic water and
electrolyte absorption by fatty acids in man. Gastro-
enterology 1973; 65: 744-9.

Hardcastle JD, Mann CV. Study of large bowel
peristalsis. Gur 1968; 9: 512-20.

Hardcastle JD, Mann CV. Physical factors in the
stimulation of colonic peristalsis. Gut 1970; 11: 41-6.

yBuAdoo Aq parosiold 1senb Ag TzZ0z ‘g Jequisdaq uo /wod fwignb//:dny wolj papeojumoq "/ 86T Jaqwiadss T uo ZTTT'6'82INB/9ETT 0T Se paysiignd 1s1y N9


http://gut.bmj.com/

