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ABSTRACT Using myoelectric recording tech-
niques, we examined the myoelectric effects of castor
oil; ricinoleic acid (cis isomer), the active ingredient
of castor oil; and ricinelaidic acid (trans isomer) in
the small intestine of New Zealand white rabbits.

Ricinoleic acid, 2 ug/kg per min (6 mM), was
perfused into a distal 12-cm ileal loop. An abnormal
myoelectric pattern developed that was similar to the
alteration in the electrical activity that has previously
been reported for cholera enterotoxin. Castor oil, 0.85
ml/kg, had a similar effect. Ricinelaidic acid, 2 ug/kg
per min, induced no activity. A second preparation
consisted of an intraluminal perfusion of ricinoleic
acid, 2 upg/kg per min, into the first section of the
duodenum. The abnormal myoelectric pattern was
observed in the jejunum and the ileum but not the
duodenum. The mean onset time for the development
of this altered myoelectric state for all experiments
was 3.5 h.

These studies suggest that an active motility com-
ponent in addition to the secretory state exists
throughout the small intestine that is exposed to castor
oil or ricinoleic acid.

INTRODUCTION

Castor oil, as well as its active ingredient, ricinoleic
acid, is regarded as an “irritant” or ‘“stimulant”
laxative (1, 2). Ricinoleic acid, 2 mM, has been shown
to alter intestinal ion transport and water flux
(3-6) without a demonstrable change in the mucosal
architecture (3, 7). Recent studies with higher con-
centrations of ricinoleic acid, 8—=10 mM, have shown
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alterations in the villous tips by light and electron
microscope examination (8—10). In addition, the tight
junctions have been shown to remain intact when
lanthanum is used (8). Because of these effects of
ricinoleic acid on ion transport and its concomitant
water flux, some have seriously questioned whether
the acid has any irritant or stimulant effect on gastro-
intestinal smooth muscle at all (11).

We have recently reported that an alteration in
myoelectric activity developed in the small intestine
of New Zealand white rabbits when exposed to
cholera enterotoxin (12, 13). This alteration in myo-
electric activity was defined as the migrating action
potential complex (MAPC).!

Because both cholera toxin and ricinoleic acid may
share in part common mechanisms regarding secre-
tion, we wondered whether a similar motility com-
ponent in our experimental model might be observed
through the use of myoelectric recording techniques.

The purpose of this study was twofold: first, to
investigate the effects of castor oil, ricinoleic acid,
and ricinelaidic acid on the smooth muscle of the
small intestine; and second, to investigate these ef-
fects, if any, for at least 6 h after exposure because
the onset time of pharmacologic effect has been
shown to range from 2 to 6 h in humans (1, 2).

METHODS

All studies were performed in male New Zealand white
rabbits weighing between 1.5 and 3.0 kg. The rabbits were
anesthetized with pentobarbital sodium (25 mg/kg) given
through an ear vein. Additional anesthetic was administered
as needed through a catheter placed in the external jugular
vein. A tracheostomy was performed in each animal. The
terminal ileum was located through a midline abdominal in-
cision.

! Abbreviation used in this paper: MAPC, migrating action
potential complex.
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The first model that was used in all ileal loop studies
consisted of the distal 12 ¢m of small intestine. Four
monopolar silver-silver chloride electrodes were sewn to
the serosal surface at 2.5-cm intervals. Each electrode
was connected to a rectilinear recorder (Beckman RM
Dynograph, Beckman Instruments, Inc., Fullerton, Calif.)
through AC couplers (9806A). Studies were performed with a
time constant of 1.0 s, a high-frequency cutoft of 22 Hz, and a
sensitivity  of 0.5 mV/em. An indifferent electrode was
placed in the subcutaneous tissue of a hind limb. Respira-
tions were monitored through a pneumograph placed around
the chest and attached to a pressure transducer (Statham
P23BB, venous Statham Instruments Division, Gould, Inc.,
Oxnard, Calif.). The intra-abdominal temperature was
measured with a centigrade thermometer upon opening the
peritoneal cavity, and temperature was maintained at the
same level throughout the experiment by means of a water-
perfused heating blanket (Aquamatic K-pad, model K-1-5,
Gorman-Rupp Industries Division, Bellville, Ohio). The orad
end of the ileal loop was catheterized with a polyethylene
tube (inside diameter, 0.030 in [0.08 ¢m], outside diameter,
0.048 in [0.13 ¢m]) that was inserted through an ileal wall
puncture wound, extended so that the tip was under the
first electrode, and secured by a purse-string suture in addi-
tion to the loop ligature. The caudal end of the loop was
catheterized by a second polyethylene tube (inside diameter,
0.187 in [0.48 ¢m], outside diameter, 0.250 in [0.64 ¢m]) and
secured by a loop ligature. The orad catheter was used
for the administration of materials into the ileal loop. The
caudal catheter was used for the outflow of intraluminal
contents.

A second preparation that was used consisted of four sets of
electrodes placed at specific areas on the small intestine
and colon. 16 silver-silver chloride electrodes were sewn to
the serosal surface. Four electrodes were cqually placed
at 2.5-cm intervals in the fourth part of the duodenum,
in the mid-jejunum, the terminal ileum, and the sigmoid
colon. A small polyethylene catheter was inserted through
a duodenal wall puncture wound in the first part of the
duodenum, as previously described. A larger polyethylene
catheter was inserted distal to the terminal ileal electrodes,
also as described.

After the preparation was completed, one of the following
compounds was administered into the orad end of the ileal
loop: (a) castor oil, 0.85 ml/kg; (b) an intraluminal infusion
ofricinoleicacid, 2 wg/kg per min (6 mM); (¢) a control infusion
of ricinelaidic acid, 2 pg/kg per min; or (d) an intra-
luminal perfusion of 0.9% sodium chloride solution, 1.14
ml/h. Both ricinoleic acid and ricinelaidic acid were diluted
with 0.9% sodium chloride solution to a volume that would
deliver 1.14 ml/h. In the experiments designed to investigate
the motor response in the segments of the duodenum, mid-
jejunum, terminal ileum, and sigmoid colon simultaneously,
2 ug/kg per min of ricinoleic acid was perfused into the
duodenum at a rate of 1.14 ml/h. Bromosulfophthalein, 1
ml by bolus injection, was added into the duodenum of one
animal at the onset of jejunal MAPC activity. The bromo-
sulfophthalein dye was used as a marker of intraluminal
flow. All myoelectric recordings were evaluated for the fol-
lowing: (a) slow wave frequency; (b) slow wave propagation
velocity; (¢) MAPC frequency; (d) the MAPC propagation
velocity; and (¢) the MAPC onset time. A full-thickness
biopsy of the ileal loop was obtained at the end of each
experiment, and the biopsy sample was placed in a 10%
formaldehyde solution. The biopsy sample was then
processed in a standard manner for hematoxylin-eosin
staining and examined with a light microscope. The ex-
amination was performed in a blind fashion in the Depart-
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ment of Comparative Pathology, University of Florida Col-
lege of Veterinary Medicine. The results were evaluated by a
Student’s ¢ test.

RESULTS

Fig. 1 illustrates the myoelectric pattern obtained
from a perfusion of 2 ug/kg per min of ricinoleic acid
into the orad end of the ileal loop. The myoelectric
activity was similar to the MAPC observed in the
cholera enterotoxin-infected loops. The term MAPC
will be used to describe the myoelectric activity
that has been observed in certain abnormal states.
The MAPC has been defined as action potential dis-
charge activity occurring for longer than 2.5 s, on at
least two consecutive electrode sites at 2.5-cm inter-
vals, and having a propagation velocity of =1.0 cm/s.
Similar results were observed when castor oil, 0.85
ml/kg, was administered into the loop. No MAPC
activity occurred in the loops perfused with ricinelaidic
acid, 2 pg/kg per min, or in the control loops perfused
with 0.9% sodium chloride solution at a similar per-
fusion rate. As reported (9), control experiments using
bolus injections of 1.0, 2.5, 5.0, or 10.0 ml of water or
0.9% sodium chloride produced action potential dis-
charge activity, but the action potential discharge ac-
tivity did not fulfill the criteria for the MAPC.
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FIGURE | The migrating action potential complex (MAPC)
from the perfusion of ricinoleic acid, 2 ug/kg per min (6 mM),
into an ileal loop. The electrode placement is illustrated
schematically on the left. A time constant and sensitivity
calibration are located on the upper aspect of the figure.
The slope of the line on the right, as compared with the
vertical reference line on the left, represents the propaga-
tion velocity of the MAPC. The propagation velocity of this
complex was 0.91 cm/s.
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TABLE 1
The Myoelectric Events for Castor Qil, and Infusions of Ricinoleic Acid and Ricinelaidic Acid

Controls Ricinoleic Ricinoleic Ricinelaidic

(NaCl) Castor oil* acid* acid} acid*

(n=23) (n=5) (n=4) (n=4) (n=4)
Slow wave frequency, cycles/min § 17.30£2.90 17.90+0.53 18.20+x1.03 16.70+0.75 17.10+0.28
Slow wave propagation velocity, cm/s§ 1.14+0.14 0.76£0.05 0.74=0.10 0.71+0.09 0.72+0.01
Number of MAPC/h" none 7.35+1.94 8.32+2.85 18.00+10.20 none
MAPC propagation velocity, cm/s none 0.85+0.12 0.91+0.06 0.70+0.05 none
MAPC onset time, h after exposure' none 3.80+0.79 2.70+0.53 4.10+1.30 none

Results are mean=SEM.

* Ileal loop preparations.

{ Ileal responses to duodenal infusions.

§ No significant difference from controls (P > 0.05).

'No significant difference in the values for the MAPC observed with castor oil and ricinoleic acid perfused into

the ileal loops and to first part of the duodenum.

Table I illustrates the values of the myoelectric ac-
tivity for the ileal loops exposed to castor oil, ricino-
leic acid, and ricinelaidic acid. The values for the num-
ber of MAPCs per hour, MAPC propagation velocity,
and MAPC onset time were similar for the loops ex-
posed to castor oil, the ileal loops perfused with
ricinoleic acid, and the ileal responses to the duodenal
perfusions with ricinoleic acid. Fig. 2 illustrates a
representative recording from the jejunum and ileum
during administration of ricinoleic acid into the
duodenum. Migrating action potential complexes were
observed in the mid-jejunum (Fig. 2) and terminal
ileum (Fig. 3). Besides the MAPC activity observed
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FIGURE 2 The myoelectric complex in the mid-jejunum
was in response to perfusion of ricinoleic acid, 2 ugkg
per min (6 mM), into the first part of the duodenum. The
electrode placement is illustrated schematically on the left.
A time constant and sensitivity calibration are located on
the upper aspect of the figure. The propagation velocity
illustrated by the slope of the line on the right, as com-
pared with the vertical reference line on the left, was 0.87
cm/s. This is similar to the propagation velocity noted
for the MAPC observed in the ileum.

642

in the terminal ileum, intermittent spiking on addi-
tional slow waves was also observed. This additional
activity was not observed in the cholera-infected loops.
Little-to-no action potential activity ever occurred in
the duodenum or sigmoid colon. No MAPC activity
occurred in control experiments in which 0.9% sodium
chloride solution was perfused into the duodenum at
the rate of 1.14 ml/h. When compared with loops
exposed to a 0.9% sodium chloride infusion, there
was no statistical difference in the slow wave fre-
quency or slow wave propagation velocity in the loops
exposed to castor oil, ricinoleic acid, or ricinelaidic
acid. The biopsy of the ileal loops at the end of each
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FIGURE 3 The myoelectric complex in the terminal ileum
was in response to a perfusion of ricinoleic acid, 2 ug/kg
per min (6 mM), into the first part of the duodenum. The
electrode placement is illustrated schematically on the left.
A time constant and sensitivity calibration are noted at the
upper aspect of the figure. The propagation velocity of the
MAPC illustrated by the slope of the line on the right, as
compared with the vertical reference line on the left, was
0.91 em/s. In addition to the MAPC, additional random action
potential discharge activity was noted on several slow waves
preceding and following the MAPC.
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experiment revealed no alteration in intestinal struc-
ture when examined under a light microscope. Each
of the biopsies from the ileal loops was examined in a

blind fashion by Dr. Shields.

DISCUSSION

A current review has stressed the need for a reclassifica-
tion of laxatives based on their “specific mechanism
of action” (8). The classification of laxatives varies
depending on the reference that is read (1, 2). A recent
submission by an advisory panel to the Food and Drug
Administration classifies laxatives into five categories:
(a) an irritant or stimulant; (b) wetting agents; (c¢)
saline; (d) bulk; (e) lubricant compounds (14). The
compounds that encompass the category of the irritant
or stimulant alter glucose and electrolyte transport
with a concomitant water flux (3-6, 15-20). It was
suggested that this alteration may be through a
mechanism similar to that of cholera toxin (21). This
concept has been challenged recently by several
investigators who have shown changes in the villous
tips and an increased permeability to inulin and 1,600
mol wt dextran in response to 8 mM ricinoleic acid
(8). Gaginella and co-workers (9, 10) demonstrated
that when they used 10 mM of ricinoleic acid, no
alteration of the tight junctions occurred. Thus, the
secretory mechanism may be mediated through several
mechanisms.

Fingel (1) and Bonnycastle (2) have reported that
ricinoleic acid and its associated compounds irritated
the smooth muscle. But there have been no studies
showing that ricinoleic acid stimulates intestinal
motor function when the mucosal surface is exposed
to the acid.

Recently it has been questioned whether any of the
irritant or stimulant compounds can induce motor
activity at all (11). Studies using strain gauge re-
cording techniques reported that castor oil and its
active ingredient, ricinoleic acid, inhibited circular
smooth muscle of the small intestine of dogs (22, 23).
Data analysis was limited to the first 2-h period after
the administration of the ricinoleic acid. In addition,
circular smooth muscle was inhibited by ricinoleic
acid in the cat colon (24). Our concern was that an
active motility component existed but may have oc-
curred beyond the reported 2-h period. We have
previously demonstrated that an abnormal myoelectric
pattern developed in terminal ileal loops of the New
Zealand white rabbit when exposed to cholera entero-
toxin (12). In addition, we have reported that a lag
period existed before the onset of MAPC activity
to cholera enterotoxin (3.8 h) and to prostaglandin
Foa (3.2 h) (13). The presence of the lag period re-
mains unexplained at this time. However, because
3',5" cyclic AMP may mediate some or all of the
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effects of both cholera enterotoxin (25, 26) and ricino-
leic acid (3), it seemed probable that a similar motor
event may exist for both compounds. However, others
would question the role of 3’5’ cyclic AMP in its
association with ricinoleic acid-induced secretory ef-
fects (4-6). The data in the present study indicate
that an alteration in myoelectric activity does exist in
response to castor oil and ricinoleic acid in the small
intestine of the New Zealand white rabbits. The
mean onset time for ricinoleic acid perfusion was 2.7 h
and for castor oil, 3.8 h. These times did not appreciably
differ from the onset time for cholera. In addition,
this lag period correlates well with the onset time
observed for a clinical response in man (1, 2).

We suggest that our findings differ on three bases
from those reported: First, because of the lag period
before organized activity begins, investigators could
have been misled to believe that motor activity was
absent or decreased. Only recordings taken after the
onset of MAPC activity would have shown the pres-
ence of a specific alteration in myoelectric activity.
Second, the complexes were intermittent, intense, and
organized. Little action potential activity occurred
between the MAPCs. Thus, if one used a “motility
index,” or expressed data as the number of slow waves
having associated action potential activity per unit of
time, decreased activity could be suggested. And,
third, our findings could represent species variation
in the response of the smooth muscle of the small
intestine to ricinoleic acid.

In the four additional experiments designed to in-
vestigate myoelectric activity in the duodenum, mid-
jejunum, terminal ileum, and sigmoid colon, three
interesting observations were made: (a) Bromosulfo-
phthalein dye, used as a marker of intraluminal flow was
present in the intraluminal fluid obtained from the
terminal outflow catheter with the onset of the first
ileal MAPC. This observation reflects the distance
over which the MAPC may travel in a relatively short
period of time. (b) Jejunal MAPC activity occurred
in addition to the complex activity observed in the
terminal ileum. (¢) No activity occurred in the sigmoid
colon, a recording site well beyond the distal terminal
ileal ligature. If activity had occurred in the sigmoid
colon, one would have to speculate on several mech-
anisms. These may include the transmission of the
message by alternate neural pathways, partial absorp-
tion of ricinoleic acid (6), or the release of a gastro-
intestinal hormone (9). The absence of any activity from
the electrodes in the sigmoid colon suggests that
none of the aforementioned mechanisms were in-
volved. We have previously shown that the MAPC
of cholera was mediated through an intrinsic myo-
neural reflex arc (13). We suggest that the MAPC
activity observed with ricinoleic acid is on a similar
basis.
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