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Abstract

SUN, YING AND JIANDE CHEN. Intestinal electric stimulation decreases fat absorption in rats:
therapeutic potential for obesity.

Objective: Effective treatment of obesity is based on the restriction of food intake or reduction of
absorption or both. The aim of this study was to study whether intestinal electric stimulation (IES)
would reduce fat absorption and, thus, would be a potential therapy for obesity.

Research Methods and Procedures: Forty rats implanted with serosal electrodes and two jejunal
cannulas were divided into 4 groups of 10 each: control (no stimulation), IES with long pulses, IES
with trains of short pulses, and IES with trains of short pulses plus treatment with lidocaine. Jejunal
transitand fat absorption of a 20-cm jejunal segment (between two cannulas) were investigated during
a 45-minute period with or without IES.

Results: It was found that both methods of IES accelerated intestinal transit measured by recovery
of phenol red and increased the percentage of triglycerides recovered from the distal cannula in
comparison with the control group. IES with trains of short pulses was more effective than IES with
long pulses in accelerating jejunal transit and reducing fat absorption. Neither of the two IES methods
altered the output of fatty acids from the distal cannula. The effects of IES with trains of short pulses
on the transit and fat absorption were partially abolished with the treatment of lidocaine.

Discussion: It was concluded that IES accelerates intestinal transit and reduces fat absorption,
suggesting a therapeutic potential for obesity. IES with trains of short pulses is more effective than
IES with long pulses, and its effects are partially mediated by enteric nerves, jejunum.
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Introduction

Obesity is a global problem, affecting an estimated 300 million people worldwide (1). Obesity
is defined as an excess of total body fat that is documented by BMI >30 kg/m2. In addition to
the increased morbidity and functional limitations associated with obesity, ~325,000 deaths in
the United States each year among nonsmokers are attributable to obesity (2). Therefore,

prevention and treatment of obesity are paramount in the whole world. However, therapeutics
for obesity are not satisfactory. Behavior modification and pharmacotherapies are effective for
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only a short time (3,4). Although surgical treatment results in substantial and sustained weight
loss, its application is very limited due to its morbidity and complications (5).

The objective of the surgical therapy is to limit food intake, reduce absorption, or both. The
small intestine plays a crucial role in maintaining absorption of nutrients and cholesterol
homeostasis. It regulates the amount of dietary cholesterol that enters the body and has a high
rate of cholesterol biosynthesis that, in some species and under certain physiological
conditions, may exceed that of the liver (6,7). Moreover, intestinal mucosa is involved in
cholesterol esterification (8) and synthesis of various apolipoproteins (9-12).

Absorption of nutrients in the small intestine has been reported to be affected by the alteration
of intestinal motility in humans (13-15), rats (16), and pigs (17). After meals, an increase of
stationary contractions, i.e., motility changed from a propulsive to a segmenting pattern, is
associated with a linear increase in transit time; a delay in luminal transit is associated with a
linear increase in the absorption of nutrients (17). It is reported that endotoxemia results in
rapid intestinal transit and decreases jejunal absorption of water, electrolytes, and glucose
(18). On the contrary, somatostatin delays the luminal transit and increases the absorption of
carbohydrate, protein, and fat (19).

Therapeutic potentials of gastric or intestinal electric stimulation (IES)l have been explored
for various gastrointestinal motility disorders. A few studies have demonstrated that gastric or
intestinal electric stimulation can delay or accelerate gastric or intestinal transit, depending on
the location of electrodes. It seems that backward gastric or intestinal electric stimulation is
able to delay gastric emptying or intestinal transit (20,21), whereas forward IES is able to
accelerate intestinal transit (22-24). Recently, Chen and Lin (23) reported that jejunal forward
electric stimulation accelerated intestinal transit slowed by fat-induced ileal brake in a canine
model. Meanwhile, IES may also influence small bowel absorption independently of alterations
in the pacesetter potential. It has been reported that backward jejunal electric stimulation slows
or reverses the flow of liquid chyme through the paced segment and leads to enhanced
absorption of water, nutrients, and electrolytes in canine (25,26) and in rat (27). Postprandial
backward electric stimulation has been shown to induce an increase in body weight and a
decrease in fecal fat and nitrogen losses during the test period in a canine model of short bowel
syndrome (28). The enhanced enteric absorption with backward IES is mediated, in part, by
an a-adrenergic mechanism (29). Forward IES slightly decreases the output of water, glucose,
and sodium from the jejunal segment (30). However, the effects of forward IES on fat
absorption and related mechanisms have never been reported, to the best of our knowledge;
the therapeutic potential of IES for obesity has not been explored.

Therefore, the aim of this study was to explore the therapeutic potential of IES for obesity by
investigating its effects on intestinal transit and fat absorption, as well as possible mechanisms
involved with these effects in a rodent model.

Research Methods and Procedures

Subjects

Forty Male Sprague-Dawley rats (Charles River Laboratories, Inc., Wilmington, MA)
weighing 250 to 400 grams were housed under a temperature- and humidity-controlled
condition in a 12-hour light/dark (6 aw to 6 »v) cycle. Before the experiments, all rats were
starved overnight with free access to water. The Institutional Animal Care and Use Committee

INonstandard abbreviations: 1ES, intestinal electric stimulation; TG, triglyceride; GES, gastric electric stimulation; MGAT,
monoacylglycerol acyltransferase.
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at the Oklahoma City Veterans Administration Medical Center approved the surgical and
experimental protocol.

Surgical Procedures

Under general anesthesia with ketamine (60 mg/kg) and xylazine (7 mg/kg), the abdominal
midline incision of the rats was performed, and a 20-cm length of middle-distal jejunum was
chosen as the testing segment. Two fistula were made: one located in the proximal segment,
~20 cm from the pylorus, and the other in the distal segment, ~40 cm from the pylorus. A
polyethylene tube (PE-90) was inserted from the proximal fistula into the testing segment for
perfusing fat or saline solution, and another polyethylene tube (PE-240) was connected to the
distal fistula for collecting effluents from the testing segment. Two pairs of 28-gauge cardiac
pacing wires (A&E Medical, Farming-dale, NJ) were implanted on the serosal surface of the
testing segment, 1 and 2 cm distal to the proximal fistula, respectively. The abdomen was
irrigated with normal saline and covered with plastic wrap to prevent fluid loss by evaporation.
Body temperature was maintained at ~36 to 38 °C with a lamp throughout the experiment.

Experimental Design

The rats were randomized into four groups (10 each): control without electric stimulation, IES
with long pulses, IES with trains of short pulses, and lidocaine plus IES with trains of short
pulses. After a 30-minute saline perfusion for cleaning the luminal contents and recording of
jejunal myoelectrical activity, a bolus injection of 1 mL of 5% phenol red (0.5 mg/mL) was
given as a nonabsorbable marker, and then triolein (3 mM) emulsion was continuously perfused
for 45 minutes with a Reglo Digital roller pump (0.18 mL/min; Ismatec SA, Glattbrugg,
Switzerland). The perfusion rate was chosen to ensure that fat in the solution had sufficient
contact time with intestinal mucosa without introducing intestinal stasis. In the IES groups,
electric stimulations were performed for 45 minutes simultaneously with the perfusion. In the
lidocaine group, 2% lidocaine was dropped onto the serosal surface of the test jejunum (0.5
mg/mL per 10 cm) every 10 minutes for inhibiting the activity of the myoenteric plexus of the
jejunum (31,32) during the 45-minute perfusion period. Distal jejunal contents were collected
every 15 minutes for 45 minutes. At the end of the perfusion, the solution remaining in the
testing jejunal lumen was collected with 2-mL air injection. The phenol red, triglycerides
(TGs), and fatty acids in each of the samples were analyzed and calculated.

Preparation of TG Emulsion

Lipase (0.3 grams, 50 mL; Sigma-Aldrich, Milwaukee, WI) and bile salts (sodium taurocholate,
10 mM; Sigma-Aldrich) with triolein (95% of TGs, 3 mM; Sigma-Aldrich) were added into
the Krebs' solution (111 mM NaCl, 6 mM KCI, 45 mM NaHCOg3, and 0.2 mM CaCly) to
facilitate the absorption of fat and to ensure its physiological condition. The mixed TG solution
was then emulsified by sonication.

Analysis and Calculation of Phenol Red, Fat, and Fatty Acids

The effluents from the distal testing segment were centrifuged for 10 minutes at 1560g and the
supernatant stored at —20 °C until analysis. To 2 mL of supernatant, 3 mL of 0.3 N Ba(OH)5,
1.5 mL of 6.6% lead acetate 3H,0, 1.5 mL of 5% ZnSO4 7 H,0, 1.5 mL of 0.3 N Ba(OH)5,
and 2 mL of 2.7 MgCl, 6 H,0 were added. The mixture was mixed thoroughly after each
addition and then finally filtered (Whatman type 541; Whatman, Clifton, NJ). Phenol red in
the filtrate was determined by measuring the absorption at a wavelength of 540 nm using a
spectrophotometer (Turner Spectrophotometer, SP-830, Apogent Technologies Company,
Dubuque, 1A). The tested jejunal transit time was expressed as the percentage of phenol red
recovery. The percentage of phenol red recovery was calculated as the ratio between the
recovered phenol red and the total amount of phenol red.
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TGs require digestion to fatty acids and monoglycerides for micellar solubilization and efficient
absorption in the lumen of small intestine. Therefore, we measured TG and fatty acids
separately. TG in the collected samples was measured using enzymatic reagents (DADE
Behring Inc., Newark, DE) by a DADE Dimension RXL chemistry analyzer (DADE). The
percentage of TG recovery is defined as the ratio between the recovered TG and the total
amount of TG perfused during the 45-minute study period.

Fatty acids in each of the collected samples were analyzed using the method of VandeKamer
(33). The amount of fatty acids was expressed as 5.907 (A/Q), in which A equals the amount
(milliliters) of 0.1 N alkali used in titration, and Q represents the weight (grams) of each sample.
Fat absorption was assessed as inversely proportional to the recovered TG and fatty acids from
the distal cannula.

IES was applied using the proximal pair of electrodes. The IES with long pulses was performed
using a frequency 10% higher than the frequency of the jejunal myoelectrical activity recorded
at baseline, a pulse width of 200 ms, and amplitude of 4 mA (constant current output). The IES
with trains of short pulses was conducted using a train on-time of 2 seconds and off-time of 3
seconds, a pulse frequency of 20 Hz, a pulse width of 2 ms, and pulse amplitude of 4 mA.

Jejunal Myoelectrical Activity Recording

Jejunal myoelectrical activity was recorded using the distal pair of electrodes at baseline for
30 minutes using a multichannel recorder (Acgknowledge 111, model EOG 100 A; Biopac
Systems, Inc., Santa Barbara, CA). Recorded signals were displayed on a computer monitor
and saved on the hard disk of an IBM-compatible 486 personal computer. The high cut-off
frequency of the amplifier was 35 Hz with an initial sampling frequency of 100 Hz. The
frequency of the jejunal myoelectrical activity was analyzed visually and used to determine
the stimulation frequency of IES with long pulses. Spectral analysis was performed to compute
the percentage of normal slow waves (34-36).

Statistical Analysis

Results

ANOVA was applied to assess the differences in phenol red recovery, TG recovery, and fatty
acids among the four groups. Unpaired Student's t test was applied to investigate the difference
between the paired data. Linear regression was utilized for analyzing the relationship between
phenol red recovery and TG recovery. Statistical significance was assigned at p < 0.05. All
data were presented as means + SE.

Jejunal Myoelectrical Activity

Regular slow waves were observed in the jejunal myoelectrical recording at baseline. The
frequency of the jejunal slow waves was 25.3 + 0.33 cycles per minute (range: 20.5 to 29). The
percentage of slow waves within a frequency range of 22 to 28 cpm was 96.6 + 2.6%.

Effects of IES on Jejunal Transit and Possible Mechanism Involving Enteric Nerves

A significant acceleration in jejunal transit was observed with IES. As shown in Figures 1 and
2, IES with either long pulses or trains of short pulses significantly increased the percentage
of recovered phenol red (ANOVA, p < 0.001). The percentage of recovered phenol red was
36.8 + 7.2% in the control group and 71.3 + 3.2% in the group of IES with long pulses (p <
0.001) and 82.7 + 3.8% in the group of IES with trains of short pulses (p <0.001) at 15 minutes;
55.4 + 7.3% (control), 83.5 + 4.3% (IES with long pulses, p < 0.01) and 92.1 £ 2.7% (IES with
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trains of short pulses, p < 0.001) at 30 minutes; and 62.3 + 7.1% (control), 86.9 + 4.0% (IES

with long pulse, p < 0.005), and 94.6 + 2.2% (IES with trains of short pulses, p < 0.001) at 45
minutes. It was also noted that the percentage of phenol red recovery in the group of IES with
trains of short pulses was significantly higher than that in the group of IES with long pulses at
15 minutes (p < 0.02).

The acceleration of jejunal transit by IES with trains of short pulses was found to be partially
mediated by the enteric nerves. The percentage of recovered phenol red from the distal fistula
in the groups of IES with both trains of short pulses and lidocaine was significantly lower (64.0
+ 2.5% at 30 minutes, 81.0 + 3.1% at 30 minutes, 84.4 £ 3.4% at 45 minutes) than that in the
group of IES with trains of short pulses but without lidocaine at each of the corresponding
times, but was still higher than that in the control group at each of the corresponding times (see
Figure 2).

Effects of IES on TG Absorption

IES with either long pulses or trains of short pulses significantly increased the percentage of
TG recovery (ANOVA, p < 0.001). The percentage of TG recovery was 8.4 £ 2.2% in the
control group and 15.5 + 1.9% in the IES group with long pulses (p < 0.02, vs. control) and
19.5 + 1.9% in the IES Group with trains of short pulse (p < 0.001, vs. control) at 15 minutes;
29.6 £ 4.2% (control), 41.0 £ 1.6% (long pulses, p < 0.02), and 47.7 + 3.2% (trains of short
pulses, p <0.005) at 30 minutes; and 63.2 £ 5.2% (control), 78.3 £ 1.7% (long pulse, p < 0.02),
and 94.1 + 2.3% (trains of short pulses, p < 0.001) at 45 minutes (Figure 3).

The percentage of TG recovery in the group of IES with trains of short pulses was significantly
higher than that in the group of IES with long pulse at 45 minutes (78.3 + 1.7% vs. 94.1 £ 2.3%,
p <0.01).

The increase of the percentage of TG recovery by IES with trains of short pulses was also found
to be partially mediated by the enteric nerves. The percentage of TG recovery from the distal
fistula in the IES group with both trains of short pulses and lidocaine was significantly lower
than that in the IES group with trains of short pulses but without lidocaine at 45 minutes (75.9
+3.2% vs. 94.1 + 2.3%, p < 0.005), but was still higher than that in the control groups (63.2 £
5.2%, p < 0.005) (see Figure 3).

Effects of IES on Fatty Acid Absorption

IES had no significant effects on the output of fatty acids from the distal cannula (Figure 4).
The amount of fatty acids collected from the distal cannula was 18.1 + 8.5 mg/dl in the control
group and 31.0 + 12.4 mg/dl in the IES group with long pulses (p = 0.48) and 44.6 + 14.2 mg/
dl in the IES group with trains of short pulses (p = 0.53) at 45 minutes. Nevertheless, the total
amount of fatty acids collected from the distal cannula in the 45-minute period was significantly
lower in the IES group with trains of short pulses plus lidocaine than in the IES group with
trains of short pulses but without lidocaine (11.2 + 2.2 vs. 44.6 £ 14.2 mg/dl, p < 0.05),
indicating the involvement of enteric nerves.

Relationship between Intestinal Transit and Fat Absorption

No correlation was noted between the percentage of phenol red recovery and TG recovery at
45 minutes in any of the three groups (control, IES with long pulses, and IES with trains of
short pulses) (r =0.036, p =0.92; r=0.21, p=0.6; r = 0.42, p = 0.23, respectively). However,
there was a significant correlation between the percentage of phenol red recovery and TG
recovery at 45 minutes in the group of IES with trains of short pulses and lidocaine (r = 0.64,
p < 0.05) (Figure 5).
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Discussion

Our results showed that IES significantly increased the percentages of recovered phenol red
and TG in the tested jejunum. IES with trains of short pulses had a stronger effect on the transit
and fat absorption than IES with long pulses. Lidocaine significantly inhibited the effect of
IES with trains of short pulses on the transit and fat absorption, suggesting the involvement of
enteric nerves.

The middle-distal jejunum was chosen as the testing segment. Although some nutrient
absorption occurs in the stomach and colon, only absorption from the small intestine is of
clinical importance. In addition, the absorption of dietary cholesterol occurs predominantly in
the jejunum (37). Moreover, most dietary lipid is absorbed by the middle one-third of the
jejunum (38). Therefore, the investigation of fat absorption of the middle-distal jejunum is of
specific importance.

Electric stimulation at different locations leads to different results. Most previous studies with
IES have applied backward stimulation and have aimed at delaying transit or increasing
absorption (21,24). A few studies have used forward stimulation and have reported an
acceleration of intestinal transit (22-24,39). Forward electric stimulation was used in this study
because our aim was to accelerate intestinal transit and decrease fat absorption.

Likewise, different parameters of electric stimulation may have different effects on
gastrointestinal functions. For example, gastric electric stimulation (GES) with long pulses (in
the order of milliseconds) improves gastric motility (40-42). GES with short pulses (in the
order of microseconds) improves symptoms of nausea and vomiting (43,44). Stimulation with
trains of short pulses has been frequently used in electroacupuncture (45), and a recent report
has indicated that electroacupuncture with trains of short pulses prevents vomiting and
behaviors suggestive of nausea induced by vasopressin, and the antiemetic effect is vagally
mediated (46). Recently, Chen and Lin (23) reported that forward IES with long pulses
accelerated intestinal transit slowed by fat-induced ileal brake in dogs. They used isotopes as
the testing markers and found that the percentage of marker recovery increased from 19.2% to
84.6%. Mintchev et al. found that electric stimulation with trains of short pulses accelerated
the movement of gastric (47) and colonic (48) solid contents. Accordingly, in this study, we
chose long pulses (pulse width of 200 ms) and trains of short pulses. The results obtained from
this study were in agreement with the previous findings (22-24,39), i.e., intestinal transit was
accelerated with IES with either long pulses or trains of short pulses. In addition, we found
that IES with trains of short pulses was more effective than IES with long pulses in the
acceleration of intestinal transit. Comparing the energy used for stimulation between the two
methods of IES, we further found that IES with trains of short pulses was more efficient
(consumed less energy) than IES with long pulses.

Most importantly, our results showed, for the first time, that forward IES with either long pulses
or trains of short pulses reduced fat absorption, i.e., more TG was recovered from the distal
jejunum with IES. Similar to its effect on intestinal transit, IES with trains of short pulses was
found to be more effective than that with long pulses in reducing fat absorption. In a previous
study, Layzell and Collin (28) reported that postprandial backward IES induced an increase in
body weight and a decrease in fecal fat and nitrogen losses during the test period in a canine
model of short bowel syndrome. The enhanced enteric absorption with backward IES was
mediated, in part, by an a-adrenergic mechanism (29). Forward IES was previously reported
to slightly decrease the output of water, glucose, and sodium from the jejunal segment (30).
However, the effect of forward IES on fat absorption has never been reported. Accelerated
transit induced by IES shortened the time of contact between jejunal epithelial cells and fat
solution; this might be partially responsible for the reduction of fat absorption. However, there
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was a lack of one-to-one relationship between jejunal transit and TG recovery. This
phenomenon seems to suggest that transit and absorption are associated but not correlated one-
to-one with each other and that different mechanisms may be involved with the accelerated
transit and reduced fat absorption. Intestinal transit is closely related to intestinal motility that
is integrated and modulated by intrinsic (in the gut wall) or extrinsic nerves and muscle
contraction, whereas fat absorption is more dependent on the function of the intestinal
absorption cells. For example, the small intestine contains three distinct proteins related to the
intracellular lipid binding protein family: the liver-type fatty acid binding protein, the intestinal
fatty acid binding protein, and the ileal lipid binding protein (49). Recently, a novel
monoacylglycerol acyltransferase (MGAT), designated MGAT3, was identified (50). MGAT
catalyzes the synthesis of diacylglycerol using 2-monoacylglycerol and fatty acylcoenzyme A.
This enzymatic reaction is believed to be an essential and rate-limiting step for the absorption
of fat in the small intestine. How electric stimulation affects the activity of enteric nerves,
intestinal proteins, and enzymes would be the subjects of further research.

Our results also showed that the total amount of fatty acids was significantly lower in the IES
group with trains of short pulses plus lidocaine than in the IES group with trains of short pulses
but without lidocaine, suggesting the involvement of enteric nerves. Nevertheless, we found
that IES with either long pulses or trains of short pulses had no significant effects on the output
of fatty acids. Once TG was perfused into the testing segment, part of it would be broken down
into monoglycerides and fatty acids, and the remaining part would be expelled out of the
segment. The accelerated intestinal transit with IES was expected to increase the output of fatty
acids from the testing segment. On the other hand, however, the accelerated transit with IES
reduced the time for TG to be broken down as fatty acids, i.e., fewer fatty acids were produced
with IES. Obviously, these two effects were opposite and, thus, could lead to a nonsignificant
or inconsistent result regarding the percentage recovery of fatty acids from the distal cannula.

The mechanisms behind the effects of electric stimulation on transit and fat absorption are
unclear. Some studies have suggested that the effect of GES on gastric motility is myogenic,
whereas its effect on symptoms is neurogenic and is possibly mediated through the vagal
afferent pathway (51,52). One study showed that a-blockade with phentolamine or celiac and
superior mesenteric ganglionectomy, but not B-blockade or vagotomy, mediated the enhanced
absorption with backward IES (29). The role of enteric nerves has not been examined. To
elucidate whether enteric nerves are involved with IES we dropped lidocaine, a local
anesthesia, on the surface of the jejunum in the group with trains of short pulses. Previous
morphological studies with 14C-labeled lidocaine have demonstrated that lidocaine dropped
onto the small intestine of the rat penetrated into the muscle layer of the intestinal wall and
inhibited activity of the myoenteric nerve plexus (31). In this study, we applied lidocaine in
the same manner and found that lidocaine partially abolished the effect of IES on jejunal transit
and fat absorption. This suggests, for the first time, the involvement of enteric nerves with IES
with trains of short pulses.

The reduced fat absorption with IES strongly suggests that IES may have a great potential for
the treatment of obesity, which affects >60% of the population in the United States (53). Obesity
has raised both national and international attention because of its detrimental impact on health
and the enormous economic burden it imposes (54). Although there are multiple therapeutic
regimens for obesity, including reduced-energy diets, physical activity/exercise, behavior
modification (55), pharmacotherapy (3,4), and surgery (5), none of them is completely
satisfactory. Diets, behavior modification, and pharmacotherapies are effective only in the
short term. Although surgical therapies are effective in reducing weight in the long term, their
applications are limited due to their morbidity, mortality, and complications. There is a great
need to explore new therapeutic options. Electric stimulation may play a role in the future
treatment of obesity. The efficacy of GES for obesity has been under intensive clinical
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investigation. Promising data have been reported in a number of clinical trials (56,57). The
data in this current study indicates that electric stimulation of the small intestine is also of great
potential for the treatment of obesity.

In conclusion, IES accelerates intestinal transit and reduces fat absorption, suggesting a
therapeutic potential for obesity. IES with trains of short pulses is more effective than IES with
long pulses, and its effects on intestinal transit and fat absorption are partially mediated by
enteric nerves.
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Figure 1.

Effects of IES on intestinal transit. Intestinal transit is represented by the percentage of
recovered phenol red at 45 minutes. Values are the mean £ SE. **, p < 0.01; ***, p < 0.001
(vs. the control group, n = 10). #, p < 0.05 (vs. the trains of short pulses group, n = 10).
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Figure 2.

Effects of IES on intestinal transit at 15, 30, and 45 minutes. Intestinal transit is represented
by the percentage of recovered phenol red. The percentage of recovered phenol red in the group
of IES with trains of short pulses and lidocaine was significantly lower than that in the group
of IES with trains of short pulses but without lidocaine at each of the corresponding times, but
was still higher than that in the control groups at each of the corresponding times. Values are
the mean + SE.
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Figure 3.

Effects of IES on the fat absorption. Fat absorption is represented by the percentage of TG
recovery at 45 minutes. Values are the mean + SE. *, p < 0.05; **, p < 0.01; ***, p < 0.001
(vs. the control group, n = 10). ##, p < 0.01 (vs. the trains of short pulses group, n = 10).
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Figure 4.

Effects of IES on the fatty acids. Values are the mean £ SE. *, p < 0.05 (vs. the trains of short
pulses group, n = 10).
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Figure 5.

Relationship between fat absorption and jejunal transit in the group of IES with lidocaine. Fat
absorption is represented by the percentage of TG recovery at 45 minutes. Intestinal transit is
represented by the percentage of recovered phenol red at 45 minutes (n = 10). Plotted values
are mean of the percentage of TG recovery and the percentage of recovered phenol red. r =
0.64, p < 0.05.
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