1duosnue Joyiny 1duosnuep Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
Neurogastroenterol Motil. Author manuscript; available in PMC 2015 November 01.

-, HHS Public Access
«

Published in final edited form as:
Neurogastroenterol Motil. 2014 November ; 26(11): 1586-1596. doi:10.1111/nmo.12425.

The Short Chain Fatty Acids, Butyrate and Propionate, have
Differential Effects on the Motility of the Guinea Pig Colon

N. R. Hurst, D.M. Kendig, K. S. Murthy, and J.R. Grider
Department of Physiology and Biophysics, VCU Program in Enteric Neuromuscular Science
(VPENS), Virginia Commonwealth University, Richmond, VA USA

Abstract

Background—Colonic microbiota digest resistant starches producing short chain fatty acids
(SCFASs). The main SCFAs produced are acetate, propionate, and butyrate. Both excitatory and
inhibitory effects of SCFA on motility have been reported. We hypothesized that the effect of
SCFAs on colonic motility varies with chain length and aimed to determine the effects of SCFAs
on propagating and non-propagating contractions of guinea pig proximal and distal colon.

Methods—In isolated proximal colonic segments, Krebs solution alone or containing 10-100
mM acetate, propionate, or butyrate was injected into the lumen, motility was videorecorded over
10 min, and spaciotemporal maps created. In distal colon, the lumen was perfused with the same
solutions of SCFAs at 0.1 mL min~1, the movement of artificial fecal pellets videorecorded, and
velocity of propulsion calculated.

Key Results—In proximal colon butyrate increased the frequency of full length propagations,
decreased short propagations and had a biphasic effect on non-propagating contractions.
Propionate blocked full and short propagations and had a biphasic effect on non-propagating
contractions. Acetate decreased short and total propagations In distal colon, butyrate increased and
propionate decreased velocity of propulsion.

Conclusions & Inferences—The data suggest that luminal SCFAs have differing effects on
proximal and distal colonic motility depending on chain length. Thus the net effect of SCFAs on
colonic motility would depend on the balance of SCFAs produced by microbial digestion of
resistant starches.

Keywords
Gastrointestinal tract; intestinal motility; colonic propulsion; peristalsis; spaciotemporal maps

Corresponding Author: John R. Grider, Ph.D., Box 980551, Virginia Commonwealth University, Richmond, VA 23298-0511,
jgrider@vcu.edu, 804-828-1853, (FAX: 804- 827-0974).

CONFLICT OF INTEREST

The authors have no competing interest.

AUTHOR CONTRIBUTIONS

Experiment concept and design: NH, DMK, KSM, JRG. Experimental procedure and data collection: NH, DMK. Data analysis: NH,
DMK, JRG. Manuscript draft and review: NH, DMK, KSM, JRG



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hurst et al.

Page 2

Introduction

Short chain fatty acids (SCFAS) are a product of fermentation of indigestible carbohydrates
by commensal bacteria that reside in the gastrointestinal (Gl) tract, with the highest
populations occurring in the proximal large intestine(1). The most commonly occurring
SCFAs are acetate, propionate, and butyrate, which are used as a nutrient source by colonic
epithelial cells. These SCFASs also play a role in electrolyte and water transport by the colon,
cell differentiation and growth, and have been shown to be protective against diseases such
as colon cancer(2).

Absolute concentrations of individual and total SCFAs vary depending on organism, diet,
and microflora diversity and concentration present in the colon (1,3). Individual
concentrations of SCFAS tend to occur in ratios of 3:2:1 or 3:1:1 with acetate being the most
prevalent, followed by propionate and butyrate respectively, with a total concentration of
SCFAs around 100mM (4). These ratios are location dependent, occurring at highest levels
in the proximal colon and decreasing caudally (5). This pattern correlates with SCFA
production by bacteria and absorption by colonic epithelial cells.

SCFA:s also activate two receptors, FFA2 (GPR43) and FFA3 (GPR41), which are
expressed in various tissues and cells including adipose tissue, inflammatory cells, and
enteroendocrine cells in the Gl tract (4,6—-8). Recent pharmacological studies have shown
that SCFAs bind to both receptors but have varied potency (8-10). Propionate and acetate
are approximately equipotent at FFA2, and butyrate is less potent. Propionate and butyrate
are equipotent at FFA3, whereas acetate is less potent at FFA3. Both receptors are able to
couple with Gaijjo, but only FFA2 is able to couple to Gaq and increase intracellular calcium
levels (10).

Many previous studies have been conducted to elucidate the effect of SCFASs on the smooth
muscle and neurons of the Gl tract, and how these components might regulate Gl
motility(11,12). It is generally accepted that mucosal stimulation by SCFAs results in a
release of paracrine or hormonal agents from enteroendocrine cells. The nature of the agent
released and the effect of SCFA varies based on the species used, the type of preparation,
and method of analysis used. In the rat colon, acetate, propionate and butyrate release 5-HT,
which initiates or augments the peristaltic reflex (13). Other studies have shown that
individual SCFAs can have differential effects (14,15). Propionate, for example, has been
shown to cause the release of PYY and slow intestinal transit(16).

Within the past two decades, it has become possible to digitally videorecord and analyze the
complete motility pattern of isolated intact intestinal tissue in real time(17-23). This
technique of spaciotemporal mapping in the gut was first described by Hennig and
colleagues in 1999 (24). In the present study we have used this technique to evaluate the
effect of SCFAs on motility in the proximal and distal colon of the guinea pig. Using video
recording and computer analysis, spatiotemporal maps of proximal colon were used to
visualize motility patterns and determine the effects of intraluminal addition of SCFAs.
Velocity of pellet propulsion was used to measure distal colonic motility. The results show
that butyrate initiates or augments propulsive motility whereas propionate has the opposite
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effect causing a decrease in colonic motility at most concentrations. Acetate is less effective
than either butyrate or propionate and tends to decrease propulsive activity. The effects were
similar in proximal colon where fluid movement was measured and in distal colon where
propulsion of fecal pellets was measured.

Hartley guinea pigs of either sex (150-300g) were purchased from Charles River
Laboratories International and euthanized by asphyxiation with carbon dioxide. The animals
were housed in the animal facility administered by the Division of Animal Resources,
Virginia Commonwealth University. All procedures were approved and conducted in
accordance with the Institutional Animal Care and Use Committee of Virginia
Commonwealth University.

Following asphyxiation, the proximal and distal colon were removed by dissection and
placed in warmed, oxygenated (95% oxygen/5% carbon dioxide) Krebs buffer (pH 7.4, 37
°C) composed of (in mM): 118 NaCl, 4.75 KCl, 1.19 KHyPOy, 1.2 MgSQy, 2.54 CaCl,, 25
NaHCOs3, 11 glucose. The proximal colon was cut to approximately 8 cm long and flushed
with warmed Krebs buffer before being cannulated with 3 mm glass rods in the orad and
caudad openings. Using molder’s clay, the cannulated segment was secured in a
transilluminated organ bath positioned under a videorecording system (Catamount, St
Albans VT) (Figure 1A) and allowed to equilibrate for 15 minutes and expel any remaining
Krebs buffer from the lumen. Using a clamp to occlude the caudad cannula and a syringe to
inject fluid through the orad cannula, the proximal colon was minimally distended in order
to visualize the baseline motility. The distension volume was 0.5 — 1.0 ml and contained
either Krebs buffer alone as control or Krebs buffer with 10, 30, or 100 mM of butyrate,
propionate, or acetate as experimental condition. In each colonic segment the same volume
was used for each condition and different concentrations were tested in random order. A
different segment was used for each SCFA. Each condition was videorecorded for 600
seconds (10 minutes) and the preparation was washed with ~5 ml of Krebs buffer for ten
minutes with no distension between test periods. Spatiotemporal maps of the proximal colon
motility were then generated using commercially available software (Gastrointestinal
Motility Monitoring System, Catamount, St. Albans VVT.) for the latter 300 seconds (5
minutes) of a recording period and the motility quantified based on three patterns: (1) full
propagations consisting of propagations that moved caudad over at least fifty percent of the
segment, (2) short propagations were those that moved caudad less than fifty percent of the
segment, and (3) non-propagations were those that remained stationary (See notation on
Figure 2).

The distal colon was placed in warmed Krebs and allowed to expel pellets naturally. The
colon was cut into 6cm segments and pinned at both ends in a GIMM organ bath and
equilibrated for 15 min (Figure 1B). Clay pellets of similar size to natural fecal pellets were
then inserted into the orad end and their movement through the segment recorded and
velocities calculated using the pellet tracking software Catamount, St. Albans, VT).
Following 2-3 control pellet trials, a solution of Krebs buffer plus 30mM butyrate,
propionate, or acetate were perfused into the lumen of the distal colon using flexible PE 10
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tubing advanced just caudad to the site of pellet insertion at a rate of 0.1ml min~L. The
tubing was pushed out along with the pellet. In control studies, this rate of perfusion of
Krebs alone and the presence of the PE 10 tubing were shown to have no effect on the
velocity of pellet perfusion consistent with our previous results(25). Perfusion of Krebs
buffer or Krebs buffer containing SCFA began 30 seconds before pellet insertion and
continued throughout the trial. Recordings were made over at least 2 cm of the segment and
velocities were expressed as mm sec™2. In all conditions, if the pellet was not propelled
within the 10 min recording period, it was removed and a velocity of zero was assigned.

Preliminary studies were performed to confirm that the effects observed were due to the
SCFAs themselves. As control for the additional sodium in the Krebs buffer from the added
sodium salt SCFAs, Krebs buffer containing an additional 200mM NaCl was shown to have
no effect versus normal Krebs buffer alone. Consistent with the pKa values for SCFAs (4.8—
4.9), the pH of the solutions used in the study remained at 7.4, eliminating the possibility
that observed effects were the result of pH.

Statistics were calculated using Prism GraphPad software (La Jolla, CA). One-Way
ANOVA with a Dunnett’s multiple comparisons post-hoc test were used for analysis of
proximal colon motility and two-tailed t-tests were used for analysis of pellet velocity in the
distal colon. Graphical representations of the results represent the mean + SEM with
significance (*) representing p < 0.05. N values represent the number of animals with only
one segment from each animal used with a given test agent.

Sodium salts of acetate, propionate, and butyrate; sodium chloride, potassium chloride, and
D-glucose were purchased from Sigma-Aldrich, St. Louis, MO. Potassium phosphate and
calcium chloride were purchased from Fischer Scientific, Pittsburgh, PA. Magnesium sulfate
was purchased from JT Baker, Phillipsburg, NJ. Sodium bicarbonate was purchased from
Midwest Scientific, St. Louis, MO.

Response to butyrate in proximal colon

Figure 2 illustrates a typical spaciotemporal map derived from a single proximal colonic
segment exposed to butyrate. The baseline frequency for full propagations in proximal colon
was 2.0 £ 0.6 per 5-minute period. Following addition of 10, 30 and 100 mM butyrate the
frequency of full propagations increased to 5.6 + 0.8 (p<0.05), 6.1 £ 0.5 (p<0.05), and
4.4+0.6 (p<0.05) respectively (Figure 3A). The frequency of short propagations in the
presence of 10 mM butyrate (3.7 £ 1.7 per 5-minute period) was similar to the baseline
frequency (3.3 £ 1.2 per 5-minute period). Thirty mM butyrate decreased short propagation
frequency to 1.1 + 0.5 while 100 mM butyrate decreased the frequency to 0.4 + 0.4 (p<0.05
Figure 3B). Full and short propagations were added together for a baseline frequency of 5.3
+ 1.4 total propagations per 5-minute period. Following addition of butyrate the frequency
of total propagations was 9.3 £ 2.0 for 10 mM, 7.1 £ 0.7 for 30 mM and 4.9 + 0.8 for 100
mM (Figure 3C). Baseline frequency of non-propagations was 68.6 + 8.9 per 5-minute
period. Following addition of 10 and 30 mM butyrate frequency of non-propagations
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increased to 100.6 + 26.0 and 86.7 + 11.0, respectively. 100 mM butyrate decreased non-
propagations to 29.0 £ 9.0 (p<0.05) (Figure 3D).

Response to propionate in proximal colon

Figure 4 illustrates a typical spaciotemporal map derived from a single proximal colonic
segment exposed to propionate. The baseline frequency for full propagations in proximal
colon was 3.0 + 1.0 per 5-minute period. Following addition of 10 mM propionate full
propagations were abolished. Thirty mM and 100 mM propionate decreased the frequency
of full propagations to 0.2 + 0.2 (p<0.05), and 1.4+0.4 respectively (Figure 5A). The
baseline frequency of short propagations was 2.0 £+ 0.4 per 5-minute period and was
abolished by 10 mM propionate. Thirty mM and 100 mM propionate decreased short
propagations to 0.2 + 0.2 (p<0.05) and 1.3 + 1.0 respectively (Figure 5B). Full and short
propagations were added together for a baseline frequency of 4.8 + 1.2 total propagations
per 5-minute period. Following addition of 10 mM propionate, total propagations were
abolished. At 30 mM propionate the frequency of total propagations decreased to 0.4 + 0.3
(p<0.05) and to 2.8 + 1.3 at 100 mM propionate. (Figure 5C). The baseline frequency of
non-propagations was 76 + 24 per 5-minute period. Following addition of 10 mM
propionate frequency of non-propagations tended to decrease to 24 + 12. Thirty mM
propionate increased frequency to 115 + 40 and 100 mM propionate increased non-
propagations to 124 + 45 (Figure 5D).

Response to Acetate in proximal colon

Figure 6 illustrates a typical spaciotemporal map derived from a single proximal colonic
segment exposed to acetate. The baseline frequency for full propagations in proximal colon
was 3.5 + 0.5 per 5-minute period. Following addition of 10, 30 and 100 mM acetate the
frequency of full propagations decreased to 1.7 + 0.5, 2.0 £ 0.3, and 2.7 + 1.0 respectively
(Figure 7A). The baseline frequency of short propagations was 5.3 + 1.4 per 5-minute period
and decreased to 4.0 £ 1.1 at 10 mM, 2.3 £ 0.6 at 30 mM and 0.7 + 0.5 (p<0.05) at 100 mM
(Figure 7B). Full and short propagations were added together for a baseline frequency of 8.8
+ 1.1 total propagations per 5-minute period. Following addition of 10, 30 and 100 mM
acetate total propagations were decreased to 5.7 + 1.3, 4.5 + 0.8 (p<0.05) and 3.3 £ 1.3
(p<0.05) respectively (Figure 7C). The baseline frequency of non-propagations was 74 + 21
per 5-minute period. Following addition of 10, 30, and 100 mM acetate the frequency of
non-propagations decreased to 46 + 11, 44 + 11 and 33 * 11 respectively (Figure 7D).

Response to SCFAs in distal colon

SCFAs showed similar effects in the distal colon as those observed in the proximal colon.
Thirty mM butyrate perfused ahead of the pellet caused a 30% increase of pellet velocity
from 1.1 £ 0.1 mm sec™1 to 1.5 + 0.1 mm sec™! (p<0.05) (Figure 8A); whereas, 30mM
propionate perfused ahead of the pellet caused a 75% decrease of pellet velocity from 1.7 £
0.2 mmsec1t0 0.4 + 0.2 mm sec™! (p<0.05)(Figure 8B). Similar to the effects of acetate on
propagation in the proximal colon, 30mM acetate decreased pellet velocity from 1.6 + 0.1
mm sec™! to 1.1 + 0.3mm sec™? (Figure 8C).
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Discussion

The present study demonstrated that individual SCFAs differ from one another in their effect
on colonic motility. Butyrate caused an increase in propagation; propionate and to a lesser
extent acetate caused a decrease in propagation. The effects of each SCFA are consistent
throughout the entire length of the colon and affect the propulsion of both fluid and solid
luminal contents.

Because the SCFAs used were sodium salts, it was necessary to control for the increased
sodium present in the lumen, which would be increase by 100 mM at the highest SCFA
concentrations. Control solutions with 100 mM additional NaCl showed no difference in the
motility from basal supporting the notion that the effects were not the result of osmotic
changes. The opposing effects observed with butyrate and propionate, which contain
equivalent amounts of sodium in solution, further support this notion. Additionally, since the
SCFAs have the potential for altering pH of the Krebs buffer, we measured the pH of the
SCFA solutions. Consistent with the use of SCFA in the form of conjugate bases with pKa
in the range of 4.8-4.9, there was no effect on the pH of the buffer. This also suggests that
the motility changes observed in the present study were due to the effects of the SCFA
themselves rather than a secondary effect due to changes in pH.

Using video recording and analyzing spaciotemporal maps in the present study provides
determination of SCFA effects on the whole colonic segment and analysis of complex
motility patterns. Previous studies have focused on strips of smooth muscle with or without
intact mucosa, others have measured pressure changes within the lumen(27), while still
others have employed the use of strain gauges to elucidate patterns of motility in isolated
whole tissue(28). The use of these different approaches as well as the use of different
species has often led to different conclusions as to the effects of the SCFA in colon with
both excitatory and inhibitory actions reported. The advent of spatiotemporal mapping of the
gut has led to enhanced ability to analyze complex motility patterns (24).

In the present study, the overall effect of butyrate was to increase propulsive motility in the
form of an increase in the number of propagations that began at the orad end and progressed
throughout the proximal colonic segment to the caudad end. The effect was most notable at
lower concentrations (10-30mM). The number of short propagating contraction which did
not progress the full length of the colon were decreased, achieving significance at 100 mM.
Similarly, the number of non-propagating contractions was increased non-significantly at the
lower concentrations but decreased at the highest concentration tested. The net effect of
butyrate then appears to suggest a shift from a non-propagating and partially propagating
pattern to a more fully propagating type of motility. This notion of increased propagation in
proximal colon is consistent with our findings in distal colon where intraluminal butyrate
caused an increase in the velocity of propulsion of artificial fecal pellets. The notion that
butyrate increases propulsion is consistent with our previous studies in flat-sheet
preparations of rat distal colon(13). In these studies, mucosal addition of butyrate caused an
increase in the ascending contraction and descending relaxation components of the
peristaltic reflex. The net effect of the augmentation of these reflex components would be
enhanced propulsion. Furthermore, the effect was attributed to increased release of serotonin
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(5-HT) and calcitonin gene-related peptide (CGRP) in response to butyrate. Interestingly,
brain-derived neurotrophic factor (BDNF), which is released in conjunction with 5-HT in
response to mucosal mechanical stimulation, was not released by butyrate in these studies.
The stimulatory effect of butyrate has also been noted by Soret et al using muscle strips
isolated from circular muscle of rat colon(12). In these studies, butyrate was shown to
augment contractions induced by electrical field stimulation but not carbachol. The effect
was indirectly mediated by enhancing enteric cholinergic neurons. This study also
demonstrated that diets rich in starch resistant to digestion (i.e. which delivers starch to the
colon for fermentation) and colonic butyrate in vivo result in increased colonic transit(12). In
vivo studies in rat colon by Cherbut et al also confirm this notion. In these studies, butyrate
increased the progression of colonic transit markers in spite of producing a decrease in
myoelectrical activity(16). Recent studies by Suply et al (29) confirm that in rat distal colon,
intraluminal butyrate enhances colonic propulsion and demonstrate that butyrate enemas
result in increased numbers of cholinergic and nitrergic neurons which are key excitatory
and inhibitory motor neurons mediating the peristaltic reflex and propulsion.

In contrast to butyrate, propionate and to a lesser extent acetate have a somewhat opposite
effect. Propionate caused a strong inhibition of full and short propagating contractions
whereas non-propagating mixing type contractions were increased with greater
concentrations. Comparison of figures 2 and 4 clearly illustrate the opposite effect of
butyrate and propionate on all types of contraction at each concentration tested. Acetate is
somewhat intermediate in effectiveness but overall favoring a decrease in propagating and
non-propagating contractions. A similar trend of increase with butyrate and decrease with
propionate and acetate is also evident in distal colon (c.f. figure 8 vs. figures 3,5,7). The
decrease in propagating contractions by acetate and propionate in guinea pig colon is
different from our previous findings in rat colon where all three SCFA had similar effects on
the peristaltic reflex(13). It is not clear what the nature of the difference is between the
response to propionate and acetate in rat and guinea pig colon. It may simply be a species
difference or it may reflect the fact that in the rat, the static reflex was measured whereas in
the guinea pig the propagating contractile wave was measured. The differential nature of the
response between species and actions of specific SCFA is well known with increases and
decreases in motility and contractility being reported in the literature(11,13,16,28,30-32).
The distinction between butyrate and propionate has been noted in other studies which
measured actions other than gut motility. In recent studies (33) of intestinal
gluconeogenesis, butyrate but not propionate was shown to activate genes (e.g. G6PC and
PCKZ1) associated with gluconeogenesis in Caco-2 cells. This affect was attributed to the
ability of butyrate but not propionate to increase CAMP. In contrast, only propionate was
able to increase the expression of methylmalonyl-CoA mutase in rats fed a SCFA-rich diet.
Two recent studies of Teq generation and differentiation have also identified difference in
the effects of different SCFA. In a study by Arpaia et al, propionate and acetate but not
butyrate promoted accumulation of Tyeg-cells in colon whereas butyrate promoted de novo
generation of Tyeg-cells (15). In a similar study by Furusawa et al butyrate was shown in the
induce Tyeg-cell differentiation whereas propionate had only moderate effects and acetate
was without effect (14). Similar to the present study, both propionate and acetate were
shown to have similar effects in adipocytes where they inhibited lipolysis and reduced
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plasma free fatty acids(34). These studies suggest that, as we have found in the present
study, each SCFA generated in the colon is likely to have its own specific effect and that
each SCFA needs to be examined separately for its effect on a given physiological action.

The response to SCFA is likely to be mediated by specific SCFA receptors on components
of the gut wall. SCFA interact with two receptors FFAR2 (previously GPR43) and FFAR3
(previously GPR41) (34-36). SCFAs have slightly different orders of potency at these
receptors with FFAR2 preferentially binding propionate and acetate and FFAR3
preferentially binds propionate and butyrate with acetate being much less potent. Both
FFAR2 and FFARS3 couple to Gaj,, whereas FFAR2 but not FFARS3 also couples to
Gag(37). Recent evidence also suggests that both FFAR2 and FFARS3 are coupled to the
taste receptor G protein a subunit o gustducin(38). Whether the similarity and difference of
these receptors and their signaling mechanisms is responsible for the differential effect on
motility observed in the present study is unknown.

The cellular site of action of SCFA could be on several cells within the gut wall, FFAR2
and/or FFAR3 have been detected on enteroendocrine cells and enteric neurons a well as
mast cells and leukocytes(39,40). Interestingly, a recent study by Soret et al suggests that
butyrate but not propionate or acetate increased CHAT-positive cholinergic neurons in the
enteric nervous system and increased colonic circular muscle contraction(12). These effects
are consistent with the increased propulsive motility induced by butyrate in the present
study. In contrast, Dass et al found that SCFA were stimulatory in the rodent distal ileum
and inhibitory in the colon(41). The inhibitory effect of SCFA, especially propionate, may
be attributable to the release of peptide YY (PYY) from enteroendocrine cells. PYY has
long been known to inhibit colonic propulsive motility(42—-45). PYY and FFAR2 receptors
are co-expressed in enteroendocrine cells and cell lines(40,46). Consistent with a role of
PYY in mediating the inhibitory effects of propionate, a study in the enteroendocrine STC-1
cell line demonstrated that propionate but not butyrate or valerate caused an increase in PYY
expression in enteroendocrine cells(46).

In summary, the present study demonstrates that short chain fatty acids have differential
effects on colonic matility and that these effects are similar in proximal and distal colon.
Butyrate increased propagating contractions in the proximal colon of the guinea pig but
decreased non-propagating contractions. This suggests that the role of butyrate may be to
enhance movement of contents through the colon. Propionate produced an opposite effect
strongly inhibiting full and partial propagating contractionss while increasing non-
propagating contractions. This suggests the role of propionate may be to slow movement of
material through the colon and promote absorption. Thus the effect of short chain fatty acids
produced by the fermentation of resistant carbohydrates by the microbiota would be the net
effect of these opposing influences.
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Figure 1.
Experimental preparation of proximal colon (panel A) and distal colon (panel B). Proximal

colonic segments were stimulated by intraluminal injection of Krebs buffer containing short
chain fatty acids. Distal colon was intraluminally perfused at 0.1ml min~1 with Krebs buffer
containing short chain fatty acids and the velocity of pellet propulsion measured.
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Figure 2.
Spactiotemporal maps from 5-minute videorecording of proximal colon with or without

luminal butyrate. Vertical distance along map indicates time. Horizontal distance indicates
length along the segment with the anal end on the left and oral end on the right. The insert
key for each map indicates time in seconds on the vertical axis and width of segment in gray
scale on the vertical axis with white shading indicating narrow width (i.e. contraction) and
dark shading indicating broader width (i.e. relaxation/distension). Panels illustrate typical
spaciotemporal maps for intraluminal Krebs buffer (Panel A) alone and containing: (B) 10,
(C) 30, and (D) 100 mM butyrate. White block arrow indicates a short propagation, black
block arrow indicates a full propagation, and black thin arrows indicate non-propagations.
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Bar graph of number of contractile responses per 5 min in proximal colon in response to
butyrate. Panel A: Number of full length propagations per 5min. Full length propagations
were defined as those moving more than one-half of the distance from oral to anal end of a
segment. Panel B: Number of short propagations per 5min. Short propagations were defined
as those moving less than one-half of the distance from oral to anal end of a segment. Panel
C: Number of total propagations per 5min. Total propagations were defined as the sum of
the full and short propagations. Panel D: Number of non-propagations per 5min. Non-
propagations were defined as those contractions that failed to move.

Values are means = SEM of 7 experiments. * indicate p<0.05
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Figure 4.
Spaciotemporal map from 5 minute videorecoding of proximal colon with or without

luminal propionate. Vertical distance along map indicates time. Horizontal distance
indicates length along the segment with the anal end on the left and oral end on the right.
The insert key for each map indicates time in seconds on the vertical axis and width of
segment on the horizontal axis in gray scale with white shading indicating narrow width (i.e.
contraction) and dark shading indicating broader width (i.e, relaxation/distension). Panels
illustrate typical spaciotemporal maps for intraluminal Krebs buffer alone and containing 10,
30 and 100 mM propionate.
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Figure 5.
Bar graph of number of contractile responses per 5 min in proximal colon in response to

propionate. Panel A: Number of full length propagations per 5 min. Full length propagations
were defined as those moving more than one-half of the distance from oral to anal end of a
segment. Panel B: Number of short propagations per 5 min. Short propagations were defined
as those moving less than one-half of the distance from oral to anal end of a segment. Panel
C: Number of total propagations per 5min. Total propagations were defined as the sum of
the full and short propagations. Panel D: Number of non-propagations per 5min. Non-
propagations were defined as those contractions that failed to move.

Values are means + SEM of 9 experiments. * indicate p<0.05
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Figure 6.
Spaciotemporal map from 5 minute videorecoding of proximal colon with or without

luminal acetate. Vertical distance along map indicates time. Horizontal distance indicates
length along the segment with the anal end on the left and oral end on the right. The insert
key for each map indicates time in seconds on the vertical axis and width of segment on the
horizontal axis in gray scale with white shading indicating narrow width (i.e. contraction)
and dark shading indicating broader width (i.e, relaxation/distension). Panels illustrate
typical spaciotemporal maps for intraluminal Krebs buffer alone and containing 10, 30 and
100 mM acetate.
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Figure 7.
Bar graph of number of contractile responses per 5 min in proximal colon in response to

acetate. Panel A: Number of full length propagations per 5 min. Full length propagations
were defined as those moving more than one-half of the distance from oral to anal end of a
segment. Panel B: Number of short propagations per 5 min. Short propagations were defined
as those moving less than one-half of the distance from oral to anal end of a segment. Panel
C: Number of total propagations per 5min. Total propagations were defined as the sum of
the full and short propagations. Panel D: Number of non-propagations per 5min. Non-
propagations were defined as those contractions that failed to move.

Values are means + SEM of 6 experiments. * indicate p<0.05
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Figure 8.
Velocity of pellet propulsion through distal colon. Segments of distal colon were prepared as

described in text and illustrated in Figure 1. The lumen was perfused with Krebs buffer
alone (control solid bars) or Krebs containing 30 mM of butyrate (panel A), propionate
(panel B) or acetate (panel C). Artificial fecal pellets were inserted in the proximal end and
allowed to be propelled to the anal end. The velocity of propulsion over a fixed distance of
approximately 2 cm was determined.

Values are means = SEM of 4 experiments for each SCFA. * indicate p<0.05
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