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ARSTRACT

BODY POOL SIZE AYD SECRITION
OF ACETATE IN THE RAT .

by Shirley Chih-Esuan Chen
Twenty—-four male Sprocuc-Dawley rats were used for the determina-
tion of sueretion rate and body pool size of acetate. Another nine rats
were used for the determination of tissue im vitro upteke or utilization
of Vi¥A. The single-injection technique was used in the determination
of secrction rate and &he body acctate pool size, in which potassium—-1-1%C
acetate was the tracer. Different levele of acetate, propionate and
butyrate were incubatcd in cecal and large intestinal plus rectal tissue
to deterwine utilization of VIA by these tiscues.

Cecun, large iutestire and rectun were the major sites of the wne-
tabolism of acetate which cane from the swall intestine or directly from
the blood. Recovecy of radioactivity in GI contents and VFA concentra-
tion in blocd indicated that the umicroflora in the cecum, large intes-
tine aud rectua were responsible for the presence of acids while the
secretion of acid frow the blood is too small to be sjignificant.

Body acctate pocl size was 4,195 rmoles with a turnover rate of
0.1077 wmoles/rin., and 2 half life of 3.€9 minutes.

In vitro study revioled that there was no uptake or utilization of

VFA by ceand or large intestinzl plus rectal tissues.,
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INTRODUCTION

Volatile fatty acids (VFA) are the main products of cellulose and
other carbohydrate digestions in the rumen. These acids are valuable
energy sources for ruminants. VFA are also found in the gastrointes-
tinal (GI) tract of monogastric animals. In rats the concentration of
the.acids in the cecum is as high as that found in the rumen (18).
However, unlike ruminant species, the quantity of VFA derived from the
digestion of carbohydrates including cellulose is not known for mono-
gastric animals. By extrapolating studies of ruminant animals, VFA in
rats are assumed to come from the digestion and/or fermentation of car-
bohydrates. It is also assumed that fermentation is the greatest source
of the acids in the GI tract of these animals.

The acids in the GI tract of monogastric animals éould also have
come from secretion or conversion from other metabolites im situ or
both. There are probably some VFA utilized by the GI tissues as a
source of energy. The uptake and/or utilizatioﬁ of VFA locally in the
tracts would lower the quantity of VFA reaching the circulatory system.
The quantity of VFA in the blood and the rate of disappearance of this
pool are unknown for rats. Furthermore, the literature provides very
little information concerning the quantity of VFA present in the rat,
the formation of these VFA and the uptake or the utilization of these
VFA by the rat. Thus, this work was undertaken primarily for the fol-

lowing objectives:
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1. To deterizine the body pool size of acetate in rats.

2. To determine the amount of this acid secreted into various
sections of the GI tract of the rat. The sections studied
were stoiach, upper and lower small intestine, cecun, large
intestine and rectun.

3. To determine whether VFA are utilized by cecal and large
intestinal tissues in vitro.

The single injection technique was used in this study and
sodium-1-1%C acetate was the tracer. The results showed that the body
pool size of acetate in rats is 4.156 mmoles. Half life was 3.69 minutes.
Secretion of acetate into the GI tract was present but quantitatively
insignificant. Tgere was no indication that cecal or large intestinal

tissue utilizes VFA.



REVIEW OF LITERATURE

I. General aspects of volatile fatty acid production and absorption

in ruminants.

As noted by Annison and Lewis (7), Tappeiner (38) as long ago as
1882 demonstrated that the fermentation of cellulose in the rumen of
the ox resulted in the formation of large amounté of ‘volatile fatty
acids (VFA), which he concluded contained at least 50% acetic acid.
This observation was largely overshadowed, however, by the subsequent
work of Kellnér (28) in which cellulose was found to be of the same
energy value as starch when fed to steers. For many decades VFA found
in the rumen were considered to be of little nutritional significance
and the digestion of cellulose was assumed to proceed no further than
a depolymerization to glucose, which was then absorbed and metabolized
as in monogastric animals. It is now established, however, that VFA
found in the rumen arise largely from the fermentation of dieta:y car-
bohydrates. These acids constitute the major source of energy to the
ruminants, since only a small proportion of the ingested carbohydrate
escapes degradation in the rumen (7).

Acetate predominates in the mixtures of VFA which are found in the
rumen under all dietary conditions and numerous in vitro studies have
shown that acetate is the major endproduct of the fermentation of carbo-
hydrates by rumen mic}oorganisms. The following route for the produc-
tion of acetic acid from carbohydrates has been proposed by Annison and

Lewis (7):
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(Ce)* —> n Cg —-~——=3 Cg phosphate e—--—-—% pyruvate
acetate + CO2 lactate
*any kind of polysaccharide

Elsden (17) first conclusively demenstrated the presence of pro-
pionic acid in rumen contents and shewed that it was produced during in
vitro fermentation of cellulose, glucose and lactate. Organisns respon-—
sible for propionic acid production in the rumen and from earichuent
cultures of rw.cn contents were identified as small Gram-positive coccel
of the genus Froplonihacteriizn. These organiswes fermented lactic acid
and glucose with the production of propionic acid and acetic acid and
carbon dioxidec.

Veillonella gozoferes which was identified by Johns (27) was exten-
sively studied and the productieon of propionate from lactate was shown

to occur by a carbon dioxide fixation mochanism:

CO .
2
Lactate ==~ Pyruvate»§>~> Oxzleacetate —-+-3% Malate

——-% Furarate —---p Succinate ~—-7 Propionate - CO2

Longer chain fatty acids in the rumen fluid are produced by seccon-
dary reactions from both acetic and propionic acid (24). There is nuch
less direct fermentative synthesis of butyrate other than from the con-
densation of acetate (30). The incorporation of the major VFA into the
branched—cbajn and longer chain acids is low (24).

The recognition of the importance of VFA as major sources of energy
to the ruminant has focused attention on the problem of measuring the
amounts of VFA produced in the runcn. Attempts have been made to assess
the rates of production of the individual VFA after feeding by following

changes in the relative proportions of acids in the ruimen (23). The
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system is complex, howvever, since the concentration of a particular acid
(or any runen metabolite) at any one time is dependent on the rates of
its a) production in the rumen, b) absorption from the rumen, c) passage
from the rumen to the omasum, d) dilution with saliva and food, 3) utili-
zation by rumen microorganisms and f) conversion to other rumecn metabolites.
In 1966 Gray et al. (25) determined the rates of production of VFA
in the rumen. One part of the work measured the <z vivo production of
VFA by two isotope dilution procedures. The production of VFA by tuo
sheep was measured by two different methods involving continuous infusion
of Cl%-labeled fatty acids into the rumen through a rumen fistula and
determining the coucentration of !“C in the ruwen acids throushout the
fecding cycle. The infusion solution contained sodiun acetate, propio-
nate and butyrate in proportions (75-80: 14-15: 6-107%) which are nor-
mally found in rumen fluid. The acids were labeled with 1%C in the
C-1, C-2 and C-1 positions, respectively, and the total specific activity
was 0.03-0.04 puCj/ml. In one procedure, the varying rate of production
of volatile acids was matched by a varying rate of infusion so that a
constant concentration of label was maintaincd in the rumen acid. In
the other procedure, a constant rate of infusion was maintained and a
mean value was determined for the concentration of label during the
feeding cycle. Both procedures gave similar values, approximately 5
moles of VFA were produced per Kg of dry fodder. The next part of their
work (41) measured the production of the individual and total volatile
fatty acids. In sheep fed at 12 hour intervals a diet of lucerne and
wheaten hay, production of volatile fatty acids was measured by infusion
of a mixture of l%C-labeled acids. They assumed that transfer of 1%C
from one acid to another was equal, thus total 14 in each acid is con-

stant. The productions of individual acids were determined by infusion
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of a single !%C-labeled acid and measurement of the concentration of
1% 4n a composite sample of the acid in the rumzn fluid collected
throughout the fecding cycle. With autecuwatic saupling of rumen fluid,
they showed that this procedure was suitable for routine use. They also
showed that the composition of the acid mixture initially feimed in the
rumen was acetic 77-83, propionic 15-18 and butyric acid 1-7%. About
50-80% of the butyric acid was forned from acetic acid. Degradation of
l4c-labeled butyrate formed from acetate-1-1%C in the runen showed 93%
of the 1%C to be nearly equally divided between atoms C-1 and C-3.

Leng (31) used a coustant intraruwainal infusion of acetatc—u—luc,
propionate-u~1bc and butyrate 2,3-3u technique to mzasure simultaneously
the production rates of acetic, propionic and butyric acid in the ruuen
of shecp. There was a close correlation betwecn production rates and
concentration of the individual acids in the runen.

Barcroft, McAnally and Phillipson (10) first cemoustrated the ab-
sorption of VFA frou the rumen in anesthetizcd sheep, when they showed
that the couceatration of these acids in blood draining the rumen was
higher than that of peripheral blood. Reid (36) using a chrcemato-
graphic methed found that about 90% of the VFA of sheep blood was acetic
acid and similar findings with respect to cattle blood were reported
by McClymont (34). Subsequent work using methods similar to Barcroft
et al. suggested that the rate of disappearance of undissociated VFA
from the-rumén increased witﬁ chain length (16) end that pH markedly
affects absorption rates (22). This dependence on hydrogen ion concen-—
tration is related to the proportion of acid present in the undissoci-
ated form. An increase of pll from the ranze normnlly associated with
rumen conteunts (5.5-6.5) to pll 7.0-7.5 leads to decreased VFA absorption

1

rates. Studies on the abtsorption of VFA from the washad out and tied



off rumen of anesthetized shecp revecaled a linear relationship between
acetic acid loss and rwovement of bicarbonate into the rumen, the absorp-
tion of two molecules of acetic acids beinz accompanied by the entry of
one molecule of bicarbonate (32). Ash and Dobson (9) confirmed this
result, and showed that the absorption of fatty acid from the ruwien is
accompanied by a coansunption of CO2 and by the production of bicarbonate
within the ruwmen solution, because of the incoming of unionized acid.
Near neutrality, about half of the fatty acid was left in uniounized form.
The amount of VFA neutralized directly in this manner was about equal

to the amount neutralized by saliva. There is no evidence of active
transport of VFA across rumen epithelium and the concentration gradient
is the most inportant factor in deteruining rates of transfer. When
solutions free of fatty acids were placed in the isolated ruuen, blood
VFA entered the ruumen and the final concentration was closc to that of

plasma.

II. The metabolism of acetate, propionate and butyrate in tha rucinant.

Mature ruminants absorb relatively smaller quantities of glucose
from their digestive tract and depend to a large extent on gluconeo-
genesis for their glucose supply. Gluconeogenesis from propionate is
of major jmportance (8). The data of Bensadoun et al. (11), however,
suggested that gluconeogenesis from precursors other than propionic
acid, e.g., lactate, could also be important. The mean value derived
from the data of Warner (40) based on estimates in the literature of
daily aﬁounts of propionate absorbed by cattle, sheep and goats is
13 Kcal/Kg0'75/day. This supperts the view that propionate is a major
source of glucose; however, that gluconzogcuesis from other sources
is likely to be important at leact in the pregnant and lactating

ruminant (8).
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Annison et al. (6) studied intensively the metabolism of acetic
acid, propionic acid and butyric acid in sheep. Acetate-1-1%C,
propionate—l—lhc, propionate-2-1%C, butyrate-1-1%C, butyrate-2-1%C and
butyrate-3-1*C were insufed into the portal vein of anesthetized sheep.
The result showed these labeled fatty acids were incorporated into blood
glucose, lactate and ketone bodies. The measured specific radioactivity
(S.A.) are summarlzed as follows:

1. The S.A. of plaswma glucose was 2-57 of the infused acetate or
butyrate, but 307 of the infused propionic-2-1%C acid.

2. The S.A. of blood lactate was less than that of blood glucose
except after the infusion of butyrate—2~1”C, when it was slightly higher.
3. The S.A. of blood B-hydroxybutyrate was about 50%Z of that of
infused butyrate—I“C, about 7-15% of infused acetate and about 27 of

the infused propionate-l!%C.

4. The S.A., of blood formate was about 5% of that of infused
acetate-1"C, propionatc—1“C or butyrate—I“C.

5. The S.A. of blood acetate was less than 17 of that of infusead
propionate-1%C but about 6-10% of that of infused butyrate-1%C.

The infusion of acefate—l—luc, propiénatc-l—lgC, butyrate—l—lqc
or butyrate—3-14C gave rise to labelling mainly C-3 and C-4 of glucose
and C-1 of lactate. The infusion of acetate-2--1%C, propionate-2-l%C
or butyrate—Z—luc labeled mainly C-1, C-2, C-5 and C-6 of glucose, and
C-2 and C-3 of lactate. Thus, the metabolic pathways were concluded
to be similar to those known to occur in other mammals.

The changes in blood volatile fatty acids after their infusion
into the rumen ofa cow were studied by Asfjes (1). A distinct and

rapid rise of a volatile fatty acid in the blood followed the introduc-

tion of the acid. However, butyrate gave not only a rise of the
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butyrate content of the blood but also a marked rise in the blood pro-
plonate and acetate levels.

Acetate metabolism in ruminant tissues was studied by Mayfield et
al. (33). Acetate-1-1%C was incubated with various tissue homogenztes
prepared from tissues of fed aud 7-day fasted sheep to study the site
and routes of acetates metzhbolism in tissues of ruminents. Transfer of
4¢ from acetate to CO,, neutral lipids, free fatty acids, nondistil-
lable organic acids and proteins was followed. They found that acetate
utilization by ruminant tissues was most for adipose tissue, and de-
creased in order for kidney, muscle, heart, lung, liver and brain when
expressed on the basis of per unit of proteln. The 7-day fasted sheep
tissues ware slower in the overall acetate metabolism but CO, production

from acetate was lowered only in liver and brain tissucs.
y

III. The met:sbolirn of acetnte, provioncte and butyvate in the rat.

Most herbivorous Qu[mals have an expanded part in their digestive
system where fibrous materials can be delayeced in their passage through
the digestive tract; this allows fermentation to take place. In rumi-
nants the expandod part is the rumen, whercas in the rat the cecum is
the scgment that is exproded. Much work has been done to determine the
utilization of acetate, propionate and butyrale as encrgy sources for
the ruminant. However, similar investigations carried out on rats are
relatively few in number.

Elsden et al. (18) publislied a paper on the concentration and quan-—
tity of volatile fatty acids in the digesta of ruminants and other
aninals in 1946. This is the only paper that could be found which
dealt with VFA in the rat. The quantity of volatile acid in proportion

to the body weight is greatest in the ox and least in the rat. The
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amount of volatile acids present in the digesta depends on the rate at
which it is pruduced and the rate at which it disnppears from any organ.
The regions of the alimentary tract, in which fermentation occurs, were
sharply defined and consist of rumen and reticulum in the ruminant and
the large intestine in all other species. The most important part of
this report wus that on the basis of concentration the volatile acids
in cecal digesta of oxen, she2p and rats were alwost the szrze (13). In
shecp the concentration was 4.3, in oxen 3.2 and in the rat 4.67% of the
dry ingesta.

Early in 1943, Buchanan et al. (12) syathesized acetate, propionate

and butyrate containing radiozctive carbonyl-C and fed them with glu-

cQ

cose to fasted white rats. Evidence was presented which indicated that
propionic acid and butyric acid were converted to liver glycogen, but
that acetate was not. Approximately 50% of the radicactivity of the
ingested fatty acids was excreted in the respiratory gascs as CO, in a
2-hour pcriod.

Wood et al. (42) isolated the glycogen of ral liver following intra-
peritoneal administration of heavy carbon bicarbonate and feeding glu-
cose by stomach tube. The position of the labeled carbon in glucose
from the glycosen was determined by bacterial and chemical degradation.
They found that CO, carbon was fixed in 3 and 4 position of glucose,
thus proving CO2 fixation is involved in the synthesis of glucose.

The incorporation of acetate and butyrete carbon into rat liver
glycogen wus studied by Wood ¢t al. (43). Evidence showed that these
acids could be converted to glycogen via pathways other than carbon

dioride fixation. Th2 result showed that after feeding labeled 13C-

o

acetate, doubly labeled acztate or labeled 13C-butyrate not only carbon

atoms 3 and 4 but all degradation fractions of glycegen contained

o
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significant amounts of 13¢. This furnished direct evidence that at
least the carbon atom of the VFA studied was incorporated into rat

liver glycogen by sowe means in addition to CO, fixation.

IV. Methods for anclysis of volatile acids.

A major difficulty in the early studies of ruminal VFA and thelr
absorption and subsequent metabolism was the lack of reliable methods
for the analysis of mixtures of VFA. This difficulty was overcone by
Elsden (17, 19), who devised a liquid-gel partition chromatography
technique which allowed the separation and estimation of a mixture of
acetic, propioric and butyric acids. The first accurate analyses of
volatile fatty acids of rusen contents thus became available, and
acetic, propionic and buty;}c acids were invariably found to be present.

A second major advance in the analysis of VFA was the gas-liquid
partition chromatographic methods of James and Mertin (26). This tech-
nique has revealed that in addition to acetic, propionic and butyric
acid, small quantities of the naturally occuring branched-chain isomers
of butyric and valeric acid (isobutyric, 2-methylbutyric and isovaleric
acids) and n-valeric acid are usually present in the rumen (2).

Recently, Ramsey (35) used benzene, chiloroform and the following
mixtures of tert-butanol in chloroform: 1, 2, 5, 8, 12, 16, 24 and
30% (v/v) as the eluting solvents for a mixture of 17 pure organic
acids as well as protein free filtrates of ruminal blood sanples through
the silicic acid column. The result showed that the quality of resolu-
tion ié satisfactory for most of the acids from capric acid to isocitric
acid{ Ramsey's method is the main proccdure which was used in the

present experiment to analyze for the differcent VFA.



EXPERIMINTAL

I. Exmerimental aaim:ls.
— e

Thirty-three male Spragus-Dawley rats having average body weight
. *
of 350 graums were purcuased from a Jocal supplier. The rats were housed

individually in wive bottored czges and were fed ad Ilibitien M-1 diet

(Tables 1 and 2) and water. The rats were raintained on the diet until
their body weichts reachied 450 to 500 grans, which tock approzimately 3
wecks. At this time, 24 of the rats were uscd for the determination of

secretion rate and body acetate pool. The other 9 rats were used for

the determinaiion of Zm vwiirc tissue uptake or utilization of VFA.

II. Experimental procedures.
A. Chemical purification of sodium-1-1%C acetate. *

Sodivn-1-1%C acetate was chromatographed and the profile on purity
was checked by titration erd by counting the radioactivity of the frac-
tions. There were traces of !%C-propionate and forwate besides acetate
(Fig. 1). FEach batch of 20 LUC; of the purchased sodiun-1-1%C acetate
was run thrcough silicic acid colunn and oalyv tibe nunbers 19 to 26 were
pooled and mode alkaline with 2067 KOH solution. This solution was then
evapcrated to dryness and redissolved in J0 »ml saline which gave a S.A.

of 2.9 x 10° CPM/0.1 ml. The purified K-1-1%C acetate was used for

*Spartan Rescarch Aninals, Inc., Willizwston, Michigan.

#%Sodiua-1=-14C acetate was purchased from Nuclear Chicagco; its
specific activity was 10.00 millicurie per millirole,

12
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Table 1. Composition of basal diet

Ingredients 4
Ground corn 60.8
Soybean meal (50% protein) 28.0
Alfalfa meal (17% protein) 2.0
Fish meal (16% protein) 2.5
Dried whey (67% lactose) i 1.6
Limestone (38% Ca) 1.6
Dicalcium phosphate (18.5% P, 23.57% Ca) 1.7
Iodized salt | _ 0.5

Table 2. Supplemental mineral and vitamin per kilogram basal diet

Grans
Vit. A (Pfizer 10P, 100,000 USP/gm. 0.8088
Vit. D (9F Fleishmann in yeast, 9000 USP/gm. 0.0836
Choline chloride 0.6996
Ca pantothenate 0.0055
Niacin 0.0330
Riboflavin 0.0033
vVit. B;, (0.1% mannitol trituration) 0.0066
a-tocopherol acetate 0.0044
Menadione 0.0022
DL-methionine 0.4994
Trace mectal premix 0.9900

In Z: Mn 12.2, Fe 9.6, Ca 7.5, Co 0.26,
Cu 0.73, Zn 5.0, I 0.38
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injection, incubation and for standard curves uscd for identification

of unknown.

B. Sanple collection.

The rats were fasted for 2 hours from 11 a.m. to 1 p.m. and then
anesthetized with ether. Heart puncture technique (13) was then uszd
to inject 0.125 pCy of potassiun-1-1%C acetate in 0.5 ml salire. After
the time intervals irdicated on Table 3, ether anesthesig was given to
the rat again. A midventrel incision was made to fécilitate reimoval
of the whole CI tract. After rewmoving the GI tract, it was immersed
in crushed ice immediately. Just prior to removing the GI tract, a
heparinized syringe was used to draw blood from the heart and portal
vein.. The blocd was then deproteinized by a modified method of Folin
and Wu (21), centrifuged and the supernatant frozen until analyzed.

The GI tract was sectioned (Table 3) and digesta in the GI tract
were removed into separeate chilled and tared containers and stored

frozen (~20°) until VFA were scparated by column chromatography (35).

C. In vitro study of tissuc uptake of VFA.

Nine rats which were fasted for 24 hours with water available at
all times were sacrificed by over etherization and bleeding. GI tissues:
a) cecum, b) large intestine and rectum were then cut into pieces of
15 to 20 mm” squares and were then weighed on a Smith-Roller tissue
balance. All procedures mentioned above were performed in the cold.

From 85 to 125 mgs of the tissues were incubated in Krebs-Ringer bicar-
bonate solution (39) together with 100 units Penicillin G and 0.1 mg
streptonycin per ml and a known concentration of various volatile fatty
acids. They wore a) 25 umoles acetic acld per ml, b) 5 umoles propionic

acid per ml, ¢) 15 pmonles butyric acid per ml and incubated for 10, 20,
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Table 3. Blood sampling schedule and parts of GI tract used for VFA
determination

Time after sodium-1-1%C acetate injection (min.)

10 15 20 30 45 60
GI section number of samples
Stomach 4 4 4 4 4 4
Upper small intestinel 4 4 4 4 4 4
Lower small intestinel 4 4 4 4 4 4
Cecum 4 4 4 4 4 4
Large intestine? 4 4 4 4 4 4
Rectum? 4 4 4 4 4 4
Feces3 4 4 4 4 4 4

~ Blood 4 4 4 4 4 4

1The small intestine was divided into two equal portions and the
anterior segment is referred to as U.S.I. and the posterior segment 1is
referred to as L.S.I.

2From the cecum to the first hard pellet in the large intestine.
The remaining large intestine, containing hard and well formed fecal
pellets, was considered to be the rectum.

3Feces were collected when dropped between the time of injection
and during anesthesia.
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40, 60 or 90 minutes. The tissuec media and VFA were placed in 10 wl.
cappad vials to prevent excessive evaporation. The vials were placed
in a sheking water bath at 37° and incubated for the designated time.
Two controls were included duringz each incubation: a) Krebs-Ringer
bicarbonate solution plus tissue but without acid, which served as
blank, b) Krebts-Ringer bicarbonate solution plus acid but no tissue,
which checked the possibility of loss of acid during incubation.

At the end of incubation, the tissues were taken out, and the media
were diluted ten to one wiéh 0.7 N H,80,. Ten ul of this diluted sample
were injected with a Hemilton syringe into a F-} gas chromatograph. The
acid concentration was detectcd by flarme ionization with helium as the

carrler gas. The concentration was determjuned by comparing with controls.

D. Determination of VFA concentration of GI contents.

Two grams of silicic acid which were acidified with four drops of
507 sulfuric acid were mixed thoroughly with 1.5 to 2 gms GI content.
The whole mixture was chrowmatographied on a silicic acid column with
tertiary butanol in chloroform described by Ramsey (35). The flow rate
was adjusted to approximately 2 ml/min. with C02—free—N2 pressure.
Twenty-six to twenty-eight tubes of 10 ml. fractions wecre collected
using a Gilson fraction collector. The fractions were titrated with
ethanolic KOH while being aerated and mixed with CO,-free-N, gas. Two
drops of 0.0047 thymolphthalein in ethanol was indicator; the endpoint
of this mixture was from colorless to violet at pH 9--10. Blank titra-
tion Qas determined for and subtracted from each solvent. The identi-
fication of VFA : veleric acid + isovaleric acid, butyric acid +
isobutyric acid, propionic acid and acetic acid were achieved by cou-

paring with elution patterns from standavd acids.
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There was a yellow color in the fractions from ths co;umn, usually
tubes 2, 3 and 4 but sometines all tubes, which interfered with the
titration (endpoint was less sharp). The color of the fraction probably
partially quenched the radioactivity counting. This problem was taken
care of by dividing those fractions with yellow into two portions and
to ore, a known amount of K-1-1%C acetate (0.005 uCy) was added. Both
were then trezted and counted as described in Section G, Radiocactivity
counting. The difference in CP from these 2 divided by CPM correspond-

ing to 0.005 uCy gave the percentege of radioactivity recovered.

E. Determination of VFA concentration in blood.

The blood sample was deproteinized by following the method of Folin
and Wu (21) with little modification. One voluue of whole blood was
laked into 2 volures of distilled water, one volume of sodium tungstate
(107%) was added followcd by adding dropwise 1.2 volure of 0.78 N sulfuric
acid. The mixture was shaken vigorously and allowed to stand for 15
minutes at room teuperature. The mixture was then centrifuged and the
supernatant filEered through a Whatmen no. 41 filter paper. The clear
filtrate was made alkaline (pH 10) with a few drops of 207 KOH and
stored in a freezer until analyzed. The frozen, deproteinized blood
samples were thawed and the samples from 4 rats of each time interval
were.pooled; this amounted to about 45 ml which were then evaporated to
about 1-2 ml in a flash rotating vacuum evaporator at 55°. The concen-
trated sample was acidified by adding a few drops of 50% H,SO, to about
pH 2. It was triturated with 2 gms of silicic acid and chromatographed

using the same method as described for digesta.
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F. Efficiency of liquid scintillation counting.

Efficiency of the liquid scintillation counting which took into
consideration the instrument capabilities and quenching by ethanol which
is part of the solvent system was determined by the following procedures:

a) 0.05 mCj methyl~1“C~to]uene (Nuclear Chicago) were dissolved
in 100 ml redistilled reagent toluene (Hallinckrodt) to form a stock
solution.

b) The stock solution was diluted with redistilled reagent toluene
to form a working solution of 5 x 1073 uCi/ml.

c) One ml of working solution, 1 ml ethyl alcohol and 14 ml liquor
(counting solution) were then used for determining the counting effi-

ciency of the instrument.

G. Radioactivity counting.

The fractions eluted frowm column chromatographs were transferred
quantitatively to glass spectrovials after being titrated with 0.01 N
ethanolic KOil to determine total VFA. The mixture was then evaporated
on a 60° hotplate to dryness. The radioactivity was determined by
adding to the vial 1 ml absolute ethanol and 14 ml scintillation liquor
of 0.5% PPO* and 0.05% popop™* (Nuclear Chicago) in toluene and count-
ing in a scintillation counter (Nuclear Chicago). Blank counting was
made each time with 1 ml absolute ethanol and 14 ml scintillation
liquor. Quenching by ethanol was de;ermined with toluene«lqci (methyl)
as described in the preceding section. Channel settings were at upper

F 62 and lower F 48.

—_——

*POP: 2,5-diphenyloxazole

*%POPOLY: p--bis (2-(5-phanyloxazolyl))-benzene



RESULTS AND DISCUSSIONS

I. Efficiency of liquid scintillation counting.

Efficiency of liquid scintillation counting, which took into con-

sideration the instrument capabilities and quenching by ethanol, was

calculated as follows:

CPM of (5 x 1073 uC41%C toluene
‘ + 1 ml absolute ethanol
: + 14 ml counting solution)
DPM of 5 x 10=° uC4!*C toluene x 1007

_ 8000 CPM - ,
5 x 1073 x 2.22 x 10° DPM 72.72%

This value was used in correcting all the values from radioactivity

counting.

II. Elution profile of standard acids: acetic, propionic, butyric,

isobutyric, valeric and isovaleric acid.

Sixty ml benzene, 100 ml chloroform, 100 ml 1% t-butanol in chloro-

form were used in this order to elute the standard acetic, propionic,

butyric, isobutyric, valeric and isovaleric acids. One tenth ml of each

standard acid of 0.1 N was chromatographed to obtain the profile. Re-

covery of the standard acids was 100 + 5%. Valeric plus isovaleric,

butyric, isobutyric, propionic and acetic acid are distinguishable from

one another (Fig. 2). This profile was used as the standard elution

ICurve for identification of unknowns.

20
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ITI. Distribution of gastrointestinal contents.

The wet digesta from the same GI portion from different rats varied
considerably in weight. In order to minimize this variation, the wet
digesta per 100 gm body weizht was calculated (Table 11). Per unit of
body weight, cecal content was the highest followed in order by steomach,
lover small intestine, rectuam, large intestine and upper small intestine
(Table 4).

In the whole tract, cecal digesta accounted for 50.07 of the total
wet digesta weight (1.3/2.6 = 0.50) (Table 4B). The cecum is thus the
"expanaed" part of the rat GI tract. As will be shown in the following
section, it also contained the hichest quantity of acetic acid expressed
as micromole acid per graa wet digesta. No doubt this is the most

active section as far as fermentation is concerned in the whole tract.

IV, VFA concentration of GI contents

Table 5 gives total concentration and distribution of organic acids
in the GI tract contents. Stomach, small intestine and feces have more
valerate than other acids, whereas cecum, large intestine and rectum
have acetate as the major acid.

Se&eral atteupts were made to remove the yellow color present in
the fractions from the silicic acid colunn. Activated-carbon adsorp-
tion, steam distillation of the eluent, and changing the polarity and
amount of the solvent system proved unsatisfactory, for they also removed
a large quantity of the radiocactivity. The adding of external standard
was adbpted finally. This took care of the color quenching. However,
as the endpoint of thymolphthalein was from colorless to violet, the
yellow color interfered with the location of the exact endpoint; this

intreduced an error im the concentration detevmination, especially on
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Table 4. Distribution of gastrointestinal and fecul contents

Sections Range Average Nuwber of anivals

Wet waisoht of digesta or feces (im.)

Stomach 0.60-7.44 3.57 24
Upper small intestine 0.13-2.21 0.71 24
Lower sxall dintestine 1.00-4.906 3.26 24
Cecuia 3.656--8.72 6.28 24
Large intestine 0.18-1.953 1.08 24
Rectum 0.40-3.63 1.59 24
Feces 0.27-1.65 0.63 24

Wet weight of digicta or fecos per 100 grans of body waight (gm.)

Stowach
Upper suall intestine
Lover small intestine

0.75 24
24
24
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Cecum 24
Large intestine 04— 0.22 24
Rectum -0.83 0.33 24
Feces --0.32 0.13 : 14

C
Weight (gm.) of toral tract content

Range: 12.67-20.00 Average: 16.80
D
Weight of tetal tract contrnt per 100 grens body weisht (sm.)

Range: 2.39-4.16 Averaze: 2.60
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Table 5. Total and distribution of orgaric acids in the GI tract and
oo
feces (micromole acid/grem digesta [wet])”

Carbon chain length

Gl section or feces C C C C

2 3 L 5
Stomach 16.01 3.42 5.80 45,08
Upper swall intestine 7.54 3.04 1.48 10.39
Lower swall intestine 5.58 2.87 2.31 8.03
Cecum 44,26 13.98 23.62 13.19
Large intestine 29.13 15.91 14.12 14.13
Rectun 24 .81 13.72 15.18 25.16
Feces 17.32 7.86 15.51 30.05
Sun 144 .64 60.80 78.02 120.83

*Each value is the average of four saiples.
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valerate, since the color usually appeared at tubes 2, 3 and 4. This
yellow color probably cawme from bile or feed color.

The molar distributicn of the acids in the cecuun was 46.67 acetate,
14.7% propionate, 24.9% butyrate and 13.87% valerate and aclids of higher
chain lengths. Weller et «l. (41) reported that the distribution was
77-83% of acetate, 15-18% propionate and 1-77% butyrate and traces of
higher acids were in the ruscn of sheep. The difference in the acid

distribution pattern could be an indication of different microorganisms

present in the two species.

V. Radicactivity of GI conteats

Cecal digesta had the highest radioactivity awong the GI sections,
followed in order by rectal and large intestinal digesta (Tables 6 and
7) throughout the whole expecriment. The radioactivity in the upper small
intestine, stomach and feces was negligible. In gencral, the recovery
of the injected radioactivity in the GI content was rather low (Teble
6). There are several possibilities for the low recovery:

a) Low secretion rate and most of the radioactive sodium acetate
still remained in the circulatory blood or was metabolized before secre-
tion could take place. This is likely to happen, since the metabolisa
of acetate by rats is rather high.

b) 7The radioactive sodium acetate remeincd in the GI tissue. Spe--
cific activity of GI contents is expressed as CPM/ moles of acid (Table
/

8). Since only radioactive acetats was injected, radicactivity of pro-
pionate, butyrate and valerate in the contents must have come from this
acid. The formation of propionate, butyrate and valerate probably
involves condensation reactions. These could be nonenzynatic, as well
as through intestinal microfloiral fermentation. It is possible that

both took plece at the sazme tine.
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Table 6. Total counts in contents of each section of the GI tract and
feces after injecting 14C acetate into the heart chamber

(average of 4 samples)®

Time after injection (min.)

10 15 20 30 45 60
GI section Counts per minute
Stomach 58.1 41.3 24.1 46 .4 24.4 25.8
Upper small
intestine 47.9 6.3 13.7 9.6 20.5 26.0
Lower small
intestine 248.8 313.5 412.3 132.7 280.0 275.0
Cecum 2394.6 3930.6 3343.8 3061.8 3306.2 2787.9
Large
intestine 296.6 154.0 413.1 290.3 625.5 381.8
Rectum 305.9 849.8 238.5 459.3 369.2 484.8
Feces 70.2 41.3 4.3 110.0 22.1 19.8
Sum 3422.0 5336.9 4449.8 4111.0 4085.8 3657.5

*Average of the sum = 4177.0 CPM
Injection dose = 1.4 x 105 CPX
% recovery of radioactivity in GI content

(4177.0/1.4 x 10%) x 100%

0.37%
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Table 7. Radioactivity in each section expressed as a percentage of
the total GI radioactivity found in each time interval
(average of 4 samples)

Time after injection (min.)

GI section 10 15 20 30 45 60
Stomach 1.69 0.79 0.54 1.10 0.50 0.64
Upper small

intestine 1.40 0.01 0.31 0.20 0.40 0.66
Lower small . .

intestine 7.27 6.03 9.27 3.32 6.05 6.87
Cecum 69.95 75.61  75.14 74.40 71.20 69.68
Large

intestine 8.67 2.96 9.28 7.05 13.36 9.54
Rectum 8.95 16.35 5.36 11.16 7.95 12.12

Feces 2.05 0.79 0.10 2.70 0.47 0.49
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Data on the specific activity (S.A.) of the contents in different
parts of the GI tract of each rat are tabulated in Table 12 in the
Appendix. Specific radioactivities in all sections of the GI tract
were low. However, the following observations are apparent:

a) Stomach: The S.A. of acetate increased with time and reached
a plateau at 15 to 30 minutes and then decreased. The decreasing S.A.
of acetate suggested that 1) acetate passed to the lower section, 2)
there was recycling of acetate of lower S.A. to the stomach. The pres-
ence of radio-labelling in propionate and valerate at 60 minutes indi-
cated the formation of propionate and valerate from acetate.

b) Uppcr small intestine: Highest S.A. of acetate was found at
10 minutes after injection. It then decreascd with time, suggesting
thét acetate was the major acid secreted into this scction and that the
upper small intestine is a major metabolizing site. As S.A. of acetate
decreased, S.A. of propionate, butyrate and valerate increased. A maxi-
mun S.A. of butyrate was found at 20 minutes, which then decreased
immediately. At the same time, S.A. of propionate increased and peaked

in 30 minutes, sucgesting the following reactions took place:

2 C, === Cy fast

co, + C, =" (C 3 slow

and propionate and butyrate were absorbed or passed down to the follow-
ing section.

‘c) Lower small intestine: Comparable to the upper small intes-
tinal S.A., the S.A. of acetate in this section peaked at 10 minutes.
The S.A. of acetate and propiorate fell with time, suggesting that they
were passed down to the cecum. There 1s an extremcly high S.A. of

butyrate at 45 and 60 minutes; this could be an experimcntal artifact,
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for at 45 minutes 4 determinations for S.A. of butyrate were 0, 0, O
and 229.5 CPM/umole acid. This latter valuve is most likely due to
contamination (Table 13). If this is true, then there should be a
sharp decrcase instead of a sharp increase of butyrate S.A. The S.A.
of valerate stayed comstant throughout the whole time.

d) Ceccum: S.A. of acetate was constant almost throughout the
whole time. The S.A. of propionate increased steadily with time. Cor-
relation wes 0.72 for the regression line of the 1an S.A. versus time.
There was no significant chernge in the S.A. of butyrate. The S.A. of
valerate decrecasad at 30 minutes with a concomitant increase of valerate
in the large intestine. This is a good indication of the passage of
valerate from the cecum to the large intestine. All the ahove data sug-
gest that the rate of microfloral fermentation of VFA is in equilibriua
with secreticn, absorption, chemical degradation and chemical recombina-
tion. It also suggests that the cecum is a very active section of the
GI tract.

e) Large intestine: The S.A. of acetate and propionate increascd
steadily and eppeared similar to that of the cecum. A decreased buty-
rate and valerate S.A. in this section and a concurrent increace in the
S.A. of butyrate and valerate in the rectun indicated that the acids
passed from the cecum to the rectum.

f) Rectun: The S.A. of VFA in the rectum matched the trend of the
S.A. of VFA in the laige intestine (Table 8).

The above results showed that amonyzy these sections, the stomach
\contents were the most inactive in converting acetote to other VFA,
while the cointents in the cecuin, large intestine and rectum functioned
as if thcy were a homogeneous mass and were the most active in this

aspect.
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VI. VFA concentration in blood, body acetate pool size determination.
Since most of the free VFA of the body are in the extracelluvlar
fluids, injecting rapidly a tracer dose (nezligible wcight, high speci-
fic activity) of sodium acetate assuwed rapid dilution cf the radio-
active material, which can be measured using the following equation:

In x = 1n x5 - at = b - at, where x = specific activity of blood acid

o

at time "'t", a= constant = the reciprocal of the turnover time, and

A}

b = In x, = zero tire specific activity.

The zero time specific activity is obtain~nd by extrapolation.
Plotting ln x egainst time will give a strajght line with slope of -a
and ordinate intercept of b. The body pocl size is then equal to the
amount of radiocctivity injected divided by the zero tine specific
activity.

In applying single-injection technique, scveral assuuptions were
made:

a) The animals were assuard to be in a steady state, that is, the
concentration of blcod and tissue counpencnts is held at nearly constant
concentrations while net synthecis aud breekdown of chemical constitu-
ents proceed (44). 1In a situation in which the rate of entry of a
molecule "A" by synthesis or transport equals the rate of exit by break-
down or transport, the concentration of "A" remains constant and a steady
state is said to exist. An increase in the concentration of "A" may
result not only frow an increase in the rate of "A" formation but also
from a decrease in the rate of "A" loss or both.

A rnonsteady state exists whgn:vcr the influx of material docs not
balance.the outflux. Thus, a growing person or person in negative

nitrogen balance is not in a steody state.
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b) An instantaneous mixing of injected labeled substance with the
pool.

c) The extent of lebeled substaunce recycled is negligible. That
is, the degradaticn product of this substauce will not be utilized to
resynthesize this substance in the pool.

The rat was fastad for 2 hours before injection in order to obtain
a constant level of blood acetate. Since the interval between injectlon
and blood sampling was rather short, a reletively éteady state should
still be in existeuce.

An inhcrént erroc in the single-injection techunique, as pointed out
by Cook (15), is the rapid metabolisu of the tracer dose of acctate-l%C
before it mixes with the body pool of acetate. This can result in low
values for the specific activity of blood acetate and a smaller value
for b in the equation ln x = -at + b and consequently, a higher value
for the body pool size than what it really should be. Another important
point has to be made in applying single-injcction teclinique for pool
size determination, that is, the slope of the curve should be obtained
from the early part of the specific activity versus time curve (29),
since recycling of the label might occui. And if the latter portion of
the curve is used for slope determination, the pool size of the acetate
will appear higher than it actuslly is. In this study, a regression
line based on all the six time-S.A. points (Fig. 3) was used for calcu-
lation of body pocl size and half-life of acetate. It is obvious, then,
that the values obtained here are higher than when the slope was ob-
tained from the first three points of the graph.

Blood specific activity in CPi/pwoles acctate for ecch tiue wes
determinced by pooling bleood frowm 4 rats (Table 9). On an average, there

was 37.35 pmoles acetate/100 m! biood.
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Y= log Y = 1.57292 - 0.02405 X was obtained by regressing specific
activity Y (CPil/pmoles) against time X (uin.) after injection. The
correlation is -0.88, which is statistically significant (P < 0.01).
From the above eguation, body acctate pcol, turnover rate, turnover

time and half life can be calculated:

Body acetate pool = (1.4 x 10°% cPil)/(anti log 1.5292 CPi/pmole)

37.43 umoles

2.245 gramns

(body pool size) (slope of the curve)

Turnover rate

37.43 x 0.02405

0.8983 mmoles/min.

Turnover time = 1/slope of the curve

1/0.02405

41.58 min.

Half life turnover time x log 2

14.44 min.

If only the first three values of Fig. 3 wcre used, then:
- l4
Body acetate pool = 4.196 mmoles

Turnover rate = 0.1007 nroles/min.

Turnover time = 18.47 min.

Half life = 3.69 min.

These two sets of data vary greatly frowm each other. The regres-
sion line puts equal weight on the first three points, which fall on a
line (10, 15, and 20 minutes after injection) and the last three points
(30, 45, and 60 minutes after injection). Recycling of the labeled
acetate inevitably occurred at the latter stage. The values obtained

by applying the regression line are obviously too high. Extrapolating

the linc linking the first throo points to zero time gives a specific
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Table 9. Blood specific activity of acetate at various times

Time (min.j— m—%ooléa~;lood - CPM-;;~- Specific

after volure from Micromoles the pooled activity

injection 4 rats (ml) of acetate blocd (cPM/umoles)
10 36.4 15.00 576.5 38.45
15 43.8 16.00 218.6 13.68
20 48.9 11.17 75.1 6.72
30 45.5 15.72 141.1 8.98
45 44.0 21.26 51.2 2.41
60 39.8 17.30 29.1 1.68

Average of poolcd bleud voluma = 43.0 ml

Average wicromole of acetate = 16.07

Acetate concentration in blcod = (100 x 16.074)/43.02

= 37.35 microneles/160 ml blood
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activity of 233.33 CPM/umzcle; this gives the acetate pool size of 4.196
mnoles (251.76 rg) and half life of 3.69 minutes. Assuaing there is
an equal distribution of acetate between blood and exiracellular fluid,
then the average concentration of acetate in the blood and extracellu-
lar fluid is 2.241 m3z/100 gt body fluid (Table 9, blood acetate councen-
tration = 37.35 pwoles/120 wml blood), whicli, when divided by the size
of acetate pool, will give the weight of the Llood and extracellular
fluid, in this case 111.8 gn. This.is about 22% of the body weight for
a 500 gm rat aud is a reascnable valuco.

Since blood contaiued little if ary propionate, butyrate or valer-—
ate, the precence of these acids iu the GI coantents suggested that a
qulck dissociation or cleavage and reassociation could have taken place
in the blood bctween acetate and its derivative which gave acid of
various kinds, i.e., acetate to valerate.

There is a relatively high concentration of VI'A in each scction of
the GI tract at each tine interval. Cecal content averaged 6.28 gm
wet material and the acetate concentration from the averacce of six ani-
mals was 44.26 pwoles/gm wet weight. This amouvnted to 277.95 pmoles
acetate with a specific activity maintained constant at 5-6 CMP/pmole.
Thus, microfloral fermentation was probably respousible for the acetic
acid presence in each secticn while secretion of this acid from the

blood was tco small to be quantitatively significant.

1

VII. In viiro stuly of tiscvaz uptrke of volatile fatty acids,

One control containing buffevr and tissue served as the blank (0%
acid). A second control which had buffer and one of the acids served
as another control (100% acid). There was no uptroke or utilization
of VFA by cecel or large intestinal and rectal tissuz under the prescat

experiuental couditicrs (Table 10).
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It is possible that conditions were not conducive for tissue upteke
of VFA. This could include improper temperature, anount of acid in the
incubation media, the length of incubation, the kind of buffer, the
amount of antibiotics and the balance of CO,-0,-N, surrouading the
media. If there was any acid utilization or uptake by the GI tissues,

it was too little to be detected by the present mecthods.
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Table 10. Recovery of acids from the tissue incubation study
Incubation Acid incubated

Tissue time (min.) with Z of recovery Average

Cecum 10 acetic acid 95.6 102.0 97.3 98.3
20 ‘97.8 99.5 96.8 | 97.7
40 96.6 99.2 97.2 97.6
60 97.1 98.7 100.3 98.7
90 99.3 101.4 97.4 99.4
10 propionic acid 100.4 97.3 98.2 98.6
20 100.8 98.5 96.7 98.7
40 102.2 97.4 98.4 99.3
60 97.5 96.7 95.2 96.5
90 98.7 98.1 97.6 98.1
10 butyric acid 99.3 96.7 95.6 97.2
20 102.4 97.8 98l7 99.6
40 100.5 99.7 98.3 95.5
60 99.4 98.8 103.6 100.6
90 98.2 94.9 97.5 96.9

Large 10 acetic acid 94.0 99.6 95.7 96.4

intestine

and 20 97.0 99.4 97.4 97.9

rectum
40 94.9 100.1 95.3 96.8
60 100.2  99.2 100.9  100.1
90 100.4 97.2 98.4 98.7



Table 10 (cont'd.)
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Incubation Acid incubated

Tissue time (min.) with X of recovery Average

/ 10 propionic acid 100.3 98.9 | 96. 98.6
20 ’ 100.5 97.2 99. 99.0
40 99.3 96.9 95. 97.2
60 96.8 99.8 98. 98.1
90 97.4 98.5 98. 98.0
10 ~butyric acid 94.8 99.8 98. 97.6
20 100.2 99.2 97. 98.9
40 99.6 96.5 102. 99.5
60 98.7 98.2 95. 97.4
90 99.1 98.

98.5

98.8




SUMMARY AND COMCLUSIONS

Twenty-fcur male Sprague-Dawley rats were used for the determina-
tion of secretion rate and body pool size of acetate. Another nine
rats were used for the determination of tissue %1 vitro uptake or
utilization of VFA. The single-injection tecunique was used in the
determination of secretion rate and the body acetate pocl size, in
which potassiuu-1-1%C acetate was the tracer. Different levels of
acetate, propionate and butyrate were incubated in cecal and large
intestinal plus rectal tissues to determine utilization of VIA by
these tissues.

Cecum, large intestine and rectw: were the major sites of the
metabolism of acetate which came from the small intestine or directly
from the blcod. Recovery of radioectivity in GI contents and VFA
concentralion in blood indicated that the microflora in the cecum, large
intestine and rectua were responsible for the presence of acids while
the secretion of acid from the blood is too small to be significant.

Body acetate pool size was 4.196 mnoles with a turnover rate of
0.1007 mmoles/min. and a half life of 3.69 minutes.

In vitro study revealed that there was no uptake or utilization

of VFA by cecal or large intestinal plus rectal tissues.
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Table 11. Distribution of gastrointestinal contents (I)
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Upper Lower
small small
Rat  Body wt. Stomach intestine intestine Cecum
No. (gm.) 1* 2% 1* 2 1* 2* 1* 2>
1 496 7.02 1.42 0.45 .090 3.50 .706 5.80 1.17
2 492 3.47 .704 .961  .195 4.33 .880 7.40 1.50
3 470 3.43 .730 .630 .134 4.14 .880 -4.81 1.02
4 | 486 3.44 .708 ‘.420 .086 4.43 .912 6.40 1.62
5 469 2.75 .586 .700 .149 4.78 1.02 4.33 .923
6 468 7.44 1.59 .510 .109 . 3.35 .716 5.74 1.23
7 412 2.58 .623 .840 .204 1.22 ,296 5.02 1.22
8 433 4,17 .963 .490 .113 3.63 .838 3.66 .845
9 422 3.17 .751 .240 .057 1.00 .237 3.67 .870
10 482 2.93 .608 .é70 .056 3.39 .703 4.82 1.00
11 493 1.99 , .404 .680 .138 3.02 .613 8.21 1.67
12 490 1.21  .247 | .380 .078 1.82 .371 6.47 1.32
13 508 4.77 .939 2.21 .435 2.05 .404 7.17 1.41
14 531 2.80 .527 .710. .134 3.23 .608 8,37 1.58
15 499 3.70 .741  1.47 .295  2.63 .527  7.15 1.43
16 518 3.58 ‘.691 .780 .150 3.54 .683 8.72 1.68
17 516 2.38 .461 1.02 .198 4.96 .961 6.46 1.25
18 510 .600 .118 .610 .120 2.84 .557 5.81 1.14
19 445 4.89 1.09 .300 .067 4.21 .946 5.87 1.32
20 452 3.93 .869 .130 .029 3.33 .737 5.94 1.31
21 544 4.37 .803 .730 .134 4.04‘ .743 6.28 1.15



Table 11 (cont'd.)
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Upper Lower

small small
Rat Body wt. Stomach intesting ingestins gecum *
No. (gm.) 1* 2 1* 2 1 2 1 2
22 453 1.60 .353 .260 .057 4.00 .883 7.99 1.76
23 437 2.01 .460 .860 .197 2.67 .611 7.57 1.73
24 469 7.40 1.58 1.32 ,281 2.10 .448 7.10 1.51
Ave. 3.57 .749 .707 .175 3.26 .678 6.28 1.31

*]1 Weight (gm.)
2 Weight (gm.)/100 gm.

body weight



Table 11.

Distribution of gastrointestinal contents (II)
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3.22

. Large Total

ng l}ntes;ine lgectg?* lgecesz* lgl tra;;
1 .625 .126 1.74 .350 .600 .121 19.74 3.98
2 .764 .155 1.61 .327 .460 .093 18.99 3.86
3 1.60 .340 .720 .153 R Rk 15.33  3.26
4 1.17 .241 2.21° .455 .400 .082 18.47 3.80
5 1.56 .333 1.44 307 .270 .058 15.83  3.37
6 .940 .200 .400 .085 s 18.38  3.93
7 1.08 .262 .930 .226 1.34 .325 13.01- 3.18
8 1.43 .330 .620 .143 .530 .122 14.53  3.36
9 .310 .073 1.19 .281 .510 .121 10.09  2.39
10 1.10 .228 .160 .034 R 12.67 2.63
11 1.32 .268 1.53 .310 .640 .130 17.39  3.53
12 .530 .108 1.89 .386 .460 .094 12.76  2.60
13 1.43 .281 1.76 .246 .300 .059 19.69 3.88
1 1.37 .258 2,03 .382  --** _*% 1g.51 3.49
15 .530 .106 1.77 .355 .590 .118 17.84  3.58
16 .500 .096  2.88 .556 S LRI 20.00  3.86
17 .950 .184 .930 .180 kR 16.70 3.24
18 1.37 .269 1.92 .376 1.17  .324 14.80 2.90
19 1.98 .445 .550 .123 Kk Kk 17.80 4.00
20 .180 .040 .900 .200 .580 .128 14.89 3.32
21 1.02 .187 .592 —kk Rk 19.66  3.61



Table 11 (cont'd.)
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Large Total
Rat intestine Rectum Feces GI tract
No. 1* 2 1* 2% 1* 2 1* 2*
22 1.62 .358 3.34 .737 L L 18.81  4.15
23 410 .094 3.63 .831 .460 .105 17.61  4.03
24 .880 .188 .69 « .147 LR 19.49  4.16
Ave. 1.03 .215 1.59 .328 627 .134 16.79 3.64

*] Weight (gm.)

2 Weight (gm.)/100 gm. body weight

**No fecal sample was obtained during the experimental interval.
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Table 12. Radioactivity in GI sections (I)
Total ) c Cs
Time count % of ' % of
(min.) CPM CPM total CPM total CPM CPM total
Upper 10 47.9 27.1 56.6 1.3 2.7 8 18.5 10.6 22.2
small 15 6.3 0 0 0 0 0 6.3 100.0
intes- 20 13.7 2.8 20.5 0 0 8 6.5 10.0 73.0
tine 30 9.6 2.1 22.3 4.7 48.8 0 2.7 28.5
45 20.5 8.4 40.9 3.3 16.2 0 8.8 42.9
60 26.0 0 -0 0 0 .8 6.8 24.2 93.2
Lower 10 248.8 198.3 79.9 19.5 7.8 17.1 6.9 14.0 5.6
small 15 313.5 154.2 49.2 37.1 11.9 51.9 16.6 - 70.1 22.4
intes- 20 412.3 70.9 17.2 127.0 30.8 126.5 30.7 88.0 21.3
tine 30 136.7 85.5 62.6 9.2 6.7 16.6 12.1 25.4 18.6
45 280.8 44.3 15.8 25.1 8.9 129.2 46.0 82.1 29.3
60 275.0 24.0 8.7 52.6 19.2 97.9 35.6 100.3 36.5
Stomach 10 58.1 42.6 70.4 0 o 0 0 15.4 26.6
15 41.3 36.2 86.8 0 0 5.5 13.2 0 0
20 24,1 24.1 100.0 0 0 0 0 0 0
- 30 46.4 46.4 100.0 0 0 0 0 0 0
45 24.4 24.4 100.0 0 0 0 0 0 0
60 25.8 14.6 56.8 2.7 10.5 0 0 8.7 32.7
Cecum 10 2394.6 1648.8 68.9 254.1 10.6 .5 131.1 5.5
15 3930.6 2093.7 53.3 240.9 6.1 1008.0 587.2 14.9
20 3343.8 1706.0 51.0 294.9 8.8 1231.9 110.0 3.3
30 3061.8 1792.3 58.5 518.0 16.9 672.0 79.5 2.6
45 3306.2 1487.0 44.9 448.0 13.6 1217.0 154.1 4.7
60 2787.9 1103.6 39.6 416.6 14.9 1013.8 254.0 9.1
Large
intestine 10 296.8 180.9 61.0 26.0 36.6 53.0 17.9
15 154.0 89.6 58.2 28.4 14.0 19.5 12.7
20 413.0 220.5 53.4 52.7 116.0 23.8 5.8
30 290.3 100.0 34.5 63.3 60.9 65.9 22.7
45 620.5 213.4 34.1 114.7 272.0 25.9 4.1
60 381.8 163.2 49.3 61.2 113.2 19.2 5.0
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Table 12. Radioactivity in GI sections (II)

Total C2 C C., Cs

Time count % of % of 2 of % of
(min.) CPM CPM total CPM total CPM total CPM total
Rectum 10 305.9 207.8 67.9 33.9 11.1 34.2 11.2 29.1 9.8
15 849.8 849.6 22.3 70.9 8.3 137.0 19.1 426.6 50.2
20 238.5 116.0 47.9 47.6 19.9 52.4 21.9 24.1 10.1
30 459.3 216.0 47.0 106.0 23.1 110.0 24.1 26.5 5.8
45 369.2 163.3 44.2 76.2 20.7 91.7 24.9 37.0 10.2
60 484.8 168.0 34.7 77.7 16.0 220.2 45.4 18.7 3.9

Feces 10 70.2 52.4 74.6 2.2 3.2 15.6 22.2 0 .0
15 41.3 30.4 73.3 0 0 5.8 14.1 5.1 12.5
20 4.3 0 0 0 0 0 0 4.3 100.0
30 111.0 68.4 61.7 13.8 12.4 27.0 24.4 1.6 1.5

45 22.1 14.5 65.8 2.6 11.7 4.9 22.6 0 0
60 19.8 8.3 42.8 0 0 2.6 13.6 8.5 43.7

All values are the average of four samples after correcting for

background.

percentage of total 7 =

CPM of one acid at one time at one section

section

CPM of acid total at one time at one

x 100
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Table 13. Specific activity of GI sections (I) (CPM/uM)

Upper Lower
small small
Time Animal Stomach intestine intestine

(ﬂino) No. Cs C|+ C3 CZ Cs C|+ C3 C2 Cs Cu C3 C2

10 14 0O 0 0 18.75

~ * 0 0 0 0 1.0 0 0 3.8
18 i 1.5 9.9 22.0 13.4
13 1.5 19.0 1.9 9.4
0.0 0 0.60 0 0 20.0
15 . 4.7 2.1 1.2 3.0
15 23 14.5 20.6 5.3 10.3
0O 0 0 .33.8 O 1.9 4.5
24 . 0 0 0 8.97
11 .45 23.7 13.1 8.20
0 .30 2.44.7 0 0 0
1 _ . 4.980 .82 5.10
20 17 1.5 0 0 6.98
0 0 0 2.342.20 14.4 4.3
'3 2.9 0 0 0
22 : 7.9 58.1 42.4 1.87
0 0 0 .714.3 14.90 2.8
2 46 0 0 2.62
30 12 2.3 33.30 4.21
0 0 0 2.7 .47 0 9.5 .75
7 2.4 9.1 14.4 6.98
20 ' 0 0 0 13.50
0 0 0 .55 =— == — ==
9 8.3 0 7.4 3.92
45 19 . 1.1 0 9.7 3.90
0O 0 0 .182.2 0 7.4 3.4
8 _—_ e— e -
6 9.8 0 0 1.14
- 0O 0 0 .3 2.8 0 5.5 4.5
21 6.3 229 8.1 1.27
60 16 2.9 0 0 0
0 0 .7.5 4.6 2.8 0. O
10 2.9 12.5 .76 1.33
5 0 40.6 3.69 2.6
) .3 00 .3 6.3 0 0 0
4 9.9 63.5 3.86 1.23

+—~= gample was missing
*When data appear between 2 samples, they are pool values from
both.



Specific activity of GI sections (II) (CPM/uM)

Table 13.

Large intestine Rectum

Cecum

Cs

Animal
Number

Time
(min.)

3.5

5.8
1.4

7'43
.33

6.0

2,10
1.24
2.2

2.29
.87

1.95 10.7
3.08

3.51
11.6

.70
.28

14 16.73 1.33
18

10

3.3

.61
2.1
2.2

.83
7.1

1.05
1.13

.76
1.6

0

1.98
7.1

2.29

4.6

.85

13
15

4.4

3.62

1.35

7.19 5.53

.84

5.3

2.08 3.81 2,51 1.3 6.75 1.52 35.0 ° 25.4 6.51
13.2 .99 2.6

4.7

13.11 3.5

23
24
11

15

1.1

13.8

15.7

. r~
N

.53 1.72 2.2
3.7 2.1

2.47
6.44

.95 1.89 . 2.26 1.54 1.08 3.07
6.85 3.42 8.84 1.44 5.4

1.16

52

6.6 5.1 3.7 5.6
1.7 4.6

1.94

2.95
6.5
4.1
3.6

3.4 13.8 1.3
8.0

5.3
6.2

2.2

6.3

22.5 1.77
9.89
4.9
8.5

17

20

1.99
2.0

11.0 1.04
.23

5.2

19.7
2'.7
4.4

ll36

3.0
2.2

1.6
l.o

1.1

3.3

22

.97

6'3

2.6

.76

3.5
5.2

7.0
4.0
5.3
9.5

7.7

3.0
2.9

8.9
6.7
2.2
2.6

6.2
9.3
4.5

3.7 15.4 10.9
7.7

4,5
3.4

2.4 4,1
3.9
4,2
5.0

12 4,21

30

16.2
3'0

7.1

4.8

6.0
7.9

9.6

2.8
7.7

20

16.5

7.5

1048

6.2 7.7 2.8 2.8 6.9 8.2 8.2 6.9
8‘7
7.2

4,39

19

45

8.8 2,7 25.4 18.7 15.9 3.3 1 15.3
1009 6.8 '68 905 6.3 6.9 - —— Lol -

11.2
6.8

5.8 .85 3.0 3.9 5.4 .82 3.3 4.0 3.6

5.8

21

h.s

.82 6.0 5.6

5.7
4.2
4.3

6.9
5.3

4.7

4.2
5.5
6.2

6.0
4.7

6.8
5.4
4.6

1.7
4.6
4.3
5.4

16 14.78 10.7

10
5

60

4.7

4.0

11.5

6.7

0

7.4
7.6

2.79
3.22

.72 7.9 4.6 3.4

4.4

.93

-- = gample lost
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