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INTRODUCTICON

The equine digestive tract is unique among herbivorous animals. The
primary area for the digestion and absorption of proteins, carbohydrates,
and fats is in the small intestine anterior to the large bowel, the fermen-
tation vat, where breakdown and utilization of fiber c»c:c:urs.l_8 The small
intestine of the horse is iInvolved in many medical and surgical diseases.9_43
The surgical problems frequently require removal of varying lengths of this

[~
a8 wiidey we

organ. Time is critical during equine abdominal surgery.
remove one longer section of intestine versus two or more shorter segments
would decrease surgery time and consequently would be less stressful to the
horse, especially if no ill effects resulted from the removal of extra
intestine.

Knowledge of specific effects of the removal of varying lengths of small
intestine is lacking. This study was undertaken to quantify these effects in
hopes of clarifying potential postsurgical problems. This study was also

designed to provide some insight regarding how much small intestine could

be removed without producing devastating and irreversible metabolic disorders.



LITERATURE REVIEW

Awareness of the location of various digestive and absorptive activities

of the small intestine and its relationship to the large bowel is paramount

2,46,50

to understanding its function. The small intestine is largely responsible

for the digestion and absorption of carbohydrates, proteins, and fats while

the large intestine is the primary site of fiber digestion and net water

2-4,6,47-51

absorption. Carbohydrates are a major source of energy for the

557;31=53 Soluble carbohydrates are presented in the form of grain and

5,8,48,50-54

horse.

to differing degrees in the dry matter of roughages. They are

processed in the small intestine into glucose and other simple sugars.2’3’5

Sixty-five to seventy-five percent of the soluble carbohydrates are digested

F8s4d The remainder, in

in the small intestine and absorbed as glucose.
addition to the inscoluble carbohydrates (cellulose, lignin, and other fibrous

plant material) go to the cecum and large intestine for bacterial fermentation
where the short chain volatile fatty acids (VFA) acetic, butyric, and propionic

2,3,5,47,50,51,58,59 Theses VFA can account

acld are produced and absorbed.
for 30% of digestible energy. Increased grain intake or changing the grain-
to-hay ratio can increase the amount of soluble carbohydrate that reaches the
large intestine. Furthermore, soluble carbohydrates can influence cecal
fermentation patterns promoting the formation of propionate.2’3’6’47’55’56’57
In the horse, little digestive enzyme activity is provided by salivary
secretions. Pancreas secretions, although large in volume, possess low alpha
amylase activity with which to start carbohydrate digestion. However, this

1,5,60

may be sufficient to initiate digestion in most instances. The

disaccharidase enzymes of the small intestine columnar epithelial cells



(enterocytes) then hydrolyse the resulting disaccharides and oligosaccharides
; G g 1,5,61,62
into constituent monosaccharides on the enterocyte brush borders.
Two major classes of small intestine mucosal digestive enzymes have been
demonstrated. Beta glycosidases: lactase (beta galactosidase) and cellobiase

(beta glucosidase) develop during fetal life and reach maximum levels in the

neonate and then decline. Alpha glucosidases: sucrase, maltase, trehalase,

and isomaltase, the second major enzyme class, develop primarily after birth.

Adult levels are reached between seven and nine months of age.1’2’5’62

The beta glycosidase enzyme lactase (neutral beta galactosidase) has its
highest activity in the duodenum and proximal jejumal brush borders with
decreasing activity distally. Peak activity occurs from birth through four
months of age. Activity decreases by 50-70% by the end of the second vear.

An accelerated decrease occurs the third year and by the fourth year activity
is barely detectable. However, a second enzyme capable of hydrolysing lactose
also exists in the jejunum and ileum., This is the nondigestive lysosomal
enzyme acid beta galactosidase which represents the lactase activitv in the
adult small intestine.

Cellobiase exhibits a similar distribution pattern to neutral beta
galadtosidase and is not found in adult small intestine.

Sucrase activity is highest in the middle and distal jejunum with decreasing
activity towards both the ileum and duodenum. Trehalase has its maximum
activity in the midjejunum. Maltase is a complex of a minimum of four enzymes
(sucrase, glucoamylases maltase I and II1, and isomaltase). Its greatest
activity occurs in the middle and distal jejunum with decreasing activity toward
the duodenum and ileum. Glucoamylase has a similar distribution pattern as
maltase until about one year of age when its highest activity occurs in the

distal small intestine.



The large bowel exhibits virtually no disaccharidase activity. Occa-
sionally low maltase activity has been demonstrated in cecal and colonic
homogenates. No other alpha glucosidases, neutral beta galactcsidase, or
cellebiase has been detected. However, lysosomal acid beta galactosidase
associated with intracellular metabolism is found in the large intestine as
well as in many other bedy tissues and organs.

The intestinal alkaline phosphatase mucosal enzymes are likely involved
in long chain fatty acid transport and not carbohydrate digestion or transport.
These are found in both the small and large bowel.50’63

The small intestine is alsc the primary site of protein digestion and
amino acid absorption. Seventy percent of the dietary protein ig digested and

2,3,7,64

abgsorbed before leaving the small intestine. Thus the absorbed amino

acids depend to a large degree on dietary amino acids. The proteolytic

activity which exists in the large intestine is less than 3% of that in the

small intestine. The end products of protein digestion and absorption in

the large intestine include ammonia and some amino acids. Significance of

amino acid synthesis by bacteria and subsequent absorption is still question-

able_2,3,7,50,64~86

The primary site of dietary fatty acid absorption is the small intestine.

Continuous bile secretion occurs because the horse does not have a gall bladder.

Fat absorption tests have not proven useful to this point.2’3’5o’87_90
Fat soluble vitamins (A,D,E,K) and water soluble vitamins (various B

and C) are primarily absorbed in the small intestine. B vitamins to an extent

are also synthesized and absorbed in the cecum and large intest:inféz.2’3’6’50’91_95

. . , . , . . 2
The small intestine is also the primary site of absorption of minerals. 23

6,50,96-100
The greatest percentage of Calcium (Ca) is absorbed in the proximal

small intestine with lesser amounts absorbed distally, Magnesium, copper, and



zinc are also absorbed in the small intestine. Phosphorus is absorbed in the
small intestine as well as in the dorsal large colon and small colon. As

digesta travels from the small intestine to the cecum increasing amounts of

bicarbonate accumulate within the intestinal lumen.2’3’6’50’:—)8’96_106

The large intestine is the primary site of fiber digestion and net water

2,3,4,6,49,50,54,107-109

absorption. The large intestine daily receives fluid

from the small intestine and the large intestine mucosa approximately equal

to the horse's blood volume. Upwards of 95% of this fluid is resorbed.lo7

Secretion and absorption of water is closely related to microbial activity,

4,107,109,110 2.3

sodium (Na), and VFA regulation. Feces are usually 66-70% water.

Hay diets yield feces with higher water content than high grain diets. Pelleted
diets also tend to increase fecal water.z’3
Besides phosphorus the large intestine also absorbs and secretes the
electrolytes Na, Chloride (Cl), and potassium (K).2-4’50’58’m?’111
Digestion of fiber in the horse is approximately 60-80% as efficient as
in ruminants. The difference tends to decrease as roughage quality increases.
Reasons for the difference include faster digesta passage in the horse and
ruminal bacteria being more efficient.z’3’50’56’112—118
Physioclogically the equine large intestine is divided into four functional
units: cecum, ventral colens, dorsal colons, and small colon. Mixing occurs
in each segment but no retrograde movement occurs between functional units.lm’lo8
The physical nature of the ingesta greatly affects its digestive tract
transit time. Liquid passes meost rapidly f£rom the stomach followed by small
particles and then larger particles. Transit time from the stomach to the
cecum is rapid and may occur in 90 minutes for fluid material.2’3’24’107’120—122
The large bowel produces the majority of the VFA. The highest concentra-

tion occurs in the ventral colons while lactic acid concentration remains low

throughout the entire large bowel. The stomach also produces some acetic,



2,3,6,50,58,59,107,123-125 Acetic acid

butyric, propicnate, and lactic acid.
accounts for approximately 75% of the VFA in the stomach and small intestine
while propicnic acid represents roughly 25% with butyrate accounting for the
remainder. Concentration fluctuations do occcur with propicnate showing
reciprocal changes to acetate. Butyrate remains fairly constant.l24 The
gastric mucosa absorbs small amounts of the organic acids, but transports
little to the blood.

The gastric pH ranges from 4.5 to 6 depending on time since feeding. The
acid environment results from the release of gastric hydrochloric acid. Small
intestine pH increases from 6 in the duodenum to above 7 in the mid jejunum
to 7.3 in the ileum. Cecal and large intestine pH is fairly constant between
6 to 6.5. The concentration of the VFA, lactic acid, and pH ranges change
with time and ave related to diet intake.124’125

The horse uses both circulating glucese and free fatty acids (FFA) for

2,4,50,126,127-130 The more conditioned a horse becomes the

126,131,132

metabolic energy.

more FFA are utilized for emergy. Since the primary source of

glucose is from small iptestinal absorption, grain fed horses tend to secrete

more insulin, be more insulin sensitive, and are more glucose tolerant than

128,130,133

roughage fed horses. VFA do not affect blood glucose levels with

the exception of elevation of blood glucose to propionate in fasted ponies.127
Hence VFA do not appear to stimulate gluconeogenesis. Blood glucose levels
are maintained by counteractions of insulin and glucagon, catecholamines, and
; 3 134~136 . s ey

endogenous corticosteroids. Free fatty acids are mohilized for encrgy
from fat depots by epinephrine and glucocorticeids to help preserve blood
glucose levels. Since nervous tissue cannot store glucose, other tissues are
used tc maintain blood glucose levels. TFasted horses maintain blood glucose

levels at the expense of fat depots and muscle tissue.l?’?_l44



The ratioc of the length of the horses' digestive tract to total body length

b The digestive tract is beset with many medical and

is approximately 10:1.
surgical problems. The nervous and vascular supply of the intestines are
involved in a large number of these problems.24 Intrinsic intestinal smooth
muscle contractions and basal secretory action of the gut occur spontaneously
and rhythmically. Both occur independently of systemic inmervation and are

46,146,147

regulated by the intestinal intramural nervous system. The autonomic

nervous system (ANS) provides regulated motor activity and can override the
intramural nervous system. The ANS innervates the muscular coat, glands, and
gpincters of the intestine. The sympathetic nervous system tends to inhibit
the gastrointestinal tract due to alpha adrenergic fibers located in the smooth
46,146,147,148

Some beta, receptors are

muscle of the gut and blood vessels. 2

located in the gastrointestinal smooth muscle. Parasympathetic activity
stimulates the intestinal tract motility and increases secretions. Postgan-
glionic fibers which supply endocrine cells, glands, and the smooth muscle of
the intestinal wall are cholinergic. Visceral organ pain sensation is derived

from ischemia, distension, spasms, and chemical influences.mg_l52 Direct

intestinal inhibition results from alpha adrenergic stimulation.46’146’153

Hence fright, stress, or pain will cause decreased motility and decreased
intestinal tract blood flow. Consequently medical therapy of the equine
digestive tract depends on the direct action of drugs on the intestinal smoath
muscle or on the ANS.146’149’151

The arterial blood supply of the small and large intestine comes primarily
from the cranial and caudal mesenteric arteries. The celiac artery and internal
iliac arteries provide some supply to the proximal duodenum and rectum

24,152

respectively. The digestive tract except for the ileum has good collateral

circulation.3C The veins from the entire intestinal tract go to the portal

vein. The rectum is drained into the caudal vena cava.152



The cranial mesenteric artery is predisposed to traumatic assault from

40,153-161

the migration of Strongylus wvulgaris larvae. The larvae penetrate

intestinal mucosa and migrate along the arterial intima causing edema,

156,160,161

arterial dilation, fibrosis, thrombi, and arteritis. The three

major branches of the cranial mesenteric artery are closely associated with the

24,46

celiacomesenteric ganglion. Hence damage to these vessels can affect the

bi -
24,46,162-164 Decreases in motility have been associated with

148,153~-155,

gut innervatiom.

parasitic infection, direct neurogenic inhibition, and other causes.

157-159,165-168

13,32,33 These

The small intestine is involved in many abdominal problems.
problems include displacement, torsion, obstructions (simple and strangulating),
intussusception, muscular hypertrophy, necoplasia, focal and multifocal ischemia,
etc.169 Surgical correction of ileocecal area problems is difficult because
of the poor accessability of the area.32 Many of the surgical problems of
the abdomen of the horse necessitate removal of sections of the small intestine.32

In humans and other species functional and anatomical intestinal adap-
tation occurs following partial intestinal rasection.”oﬂls4 Small intestine
epithelium has the most rapid turnover rate, from replication through migration
to extrusion, of healthy body tissue.170 Furthermore, the epithelial prolifer-
ation can be stimulated to occur more rapildly by several factors, one of which
is intestinal resection.l70

Intestinal adaptation occurs by compensatory growth of all layers of the
small intestinal wall, especially notable is villous hyperplasia. An increase
in crypt depth and villous height are associated with an increase in the length
and diameter of the remaining intestinal segment. Adaptation appears more
efficient and greater following proximal small intestine resection with

maximal adaptation reported to occur around anastomatic sites.170’184’185



Mucosal hyperplasia is directly related to the length of intestine resected.l70’

175,178 Theoretically, improved absorption could be due either to an increased

functional ability of the enterocytes or to an increased number of cells.
Enhanced segmental glucose absorption in laboratory animals is directly propor-

tional to adaptive increments in villous height and an increase in the number

170,184,185

of epithelial cells. Enterocytes in the hyperplastic mucosal areas

exhibit normal or decreased disaccharidase and dipeptidase activities.”o’lsl’la6

Hence functional adaptation is due to an increased number of enterocytes

and not to an increase in the absorptive capacity of the individual cells.”o’186

Digestion and absorption tests are employed to assess the functional ability

1,2,187-195

of the small intestine. The oral glucose tolerance test {(OGTT) is

used for this purpose. It exhibits two phases. The first phase assesses the
absorptive capacity of the small intestine by the exhibition of a blood glucose
peak equal to or greater than 80% of the resting blood glucose level by

120 minutes following the oral administration of glucose. The second phase
assesses the endocrine function of the pancreas in response to elevation in

blood glucose. Return to resting levels is usual 360 minutes following oral

187,193

glucose administration. Other oral absorption tests employed to assess

the small intestine function include starch, lactose (in foals), galactose,

1,2,188-195

sucrose, maltase, and D-xylose toletance tests. The oral D-xylose

tolerance test is sometimes preferred over the oral glucose absorption test.188_

191,194 D-xylose, a five carbon sugar, is absorbed from the proximal small
intestine, is not metabolized by the body to any significant degree, and is
not affected by body regulatory mechanisms following as absorption glucose.
However, following the oral administration of xylose other factors can affect

the absorption curve as cccurs with glv.lcosz::.l’z’lss-195

These factors include
gastric emptying time, intestinal transit time, renal clearance, and muccsal

blood supply. Oral glucose tolerance tests are accepted, however, as an



10

accurate measure of small intestine function.lgl’l93

Length of fasting,
excitement, quantity, and concentration of glucose are among factors that

may affect the glucose curves.
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MATERIALS AND METHODS

Nine mixed breed horses, geldings and mares, between three and seventeen
years of age, were randomly divided into three groups (Table 1) following the
conditioning program described below. |

During the three weeks prior to the study, the horses were vaccinated
for equine influenza,l rhinopneumonitis,2 tetanus,3 and Eastern and Western
Equine Encephalomyelitis.3 An anthelmintic combination of trichlorfon4 and
pyrantel pamoateS was administered. Teeth and foot care were performed as
needed. A standardized pelleted ration6 was fed throughout the conditioning
period and for six weeks following surgery at the rate of 1.5# feed/cwt/day.
No other concentrate or bedding was provided. Horses G and I required one
week of postoperative hay supplementation. None of the other horses received
any roughage. The post surgical diet consisted of .5# feed/cwt the first day
and was increased to the preoperative level by the fourth postoperative day.

Abdominocentesis and a blood chemistry profile were performed on all
horses in conjunction with assessment of complete blood count (CBC). The

profilé consisted of blood urea nitrogen (BUN), creatinine, glucose, aspartate

1Equine Influenza Vaccine-Bayvet Division, Cutter Laboratories, Inc.,
Shawmee, Kansas 66201.

2Pneuma‘oort K-Fort Dodge Laboratories, Inc., Fort Dodge, Iowa 50501.

3Encevac-T with Havlogen-Bayvet Division, Cutter Laboratories, Inc.,
Shawnee, Kansas 66201.

4Combot—-Bayvet Division, Cutter Laboratories, Inc., Shawnee, Kansas 66201.
5Strongid T-Pfizer Inc., New York, New York 10017.

6Horse Chow #200-Ralston Purina Company, St. Louis, Missouri 63188.
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aminotransferase (AAT), serum alkaline phosphatase (SAP), total serum protein
{TSP), albumin, calcium (Ca), phosphorus (P), sodium (Na), potassium (K),
chloride (Cl), and total carbon dioxide (COz). A physical examination was
performed. All horses were clinically normal prior to the commencement of
the investigation.

Body weights were recorded twice weekly for four weeks to insure mainte-
nance or increase of body weight with time. Gross examination of feces was
recorded daily (consistency and color). A fecal consistency scale of one to
eight was employed (Table 2).

Following completion of the conditioning program, the physical examination
was repeated, CBC and chemistry values were reassessed, and a preoperative
oral glucose tolerance test {OGTT) was performed on each horse. An indwelling
intravenous jugular catheter was placed the day prior to the test to eliminate
the potential excitement related to venipuncture. Each horse was fasted but
permitted water for twelve (12} to fourteen (14) hours prior to the OGTT.

Fifteen milliliters of blood was withdrawn through each catheter and the
pretest blood sample was collected in a clot tube. The catheter was then
flushed with heparinized saline. Following clot formation, the sample was
centrifuged and the serum recovered and frozen. Glucose concentration deter-
mination was performed at a later date.

Twenty percent glucose in water was administered via nasogastric tube at

the rate of 1.0 gram anhydrous glucose/kg of body weight.187’193

Care was
taken not to excite the horse during intubation. Blood samples were sub-
sequently collected at 30, 60, 90, 120, 150, 180, 240, 300, and 360 minutes.
The indwelling intravenous catheter was removed following the glucose tolerance
test.

One week following the oral glucose tolerance test abdominal surgery was

performed. Feed was withheld the night prior to surgery,.
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Procainz penicillin G and dihydrostreptomycin7 were given intramuscularly
three hours preceding surgery. Each horse was sedated with xylazine
(1.1 mg/kg of body weight) intravenocusly. Anesthesia was induced via
guaifenesin9 (5% solution)} followed by sodium thiamylallo (6.6 mg/kg of body
weight). Anesthesia was then maintained with halothane inhalatioén anesthesia
employing a semiclosed system with the horse positioned in dorsal recumbency.

A 35 cm ventral midline incision was made starting at a point 5 cm
posterior to the umbilicus and progressing rostrally. The cecum was exterior-
ized and the 1leocecal ligament, ileum, and ileocecal juncticon was identified.
The small intestine was exteriorized and measured, progressing retrograde
from the ileocecal junction to the pylorus. The measurement was taken using
premeasured umbilical tape placed next to the intestine. The intestines were
not stretched. The segment of the small intestine was measured intraabdominally.

Once the length of the small proximal intestine had been ascertained the
ileum was transected 30 cm proximal to the ileocecal junction, blind-stumped,
oversewn, and returned to the abdomen. A side to side ileal-cecal anastomosis
was then done in the control group {(Group I).

In Group II 4.6 meters (15 feet) of the ileum and distal jejunum were
removed. The distal end of the jejunum was blind-stumped and oversewn. A
side to side jeiunal-cecal anastomosis was performed on the dorsal border of

the cecum and the mesentery was sutured.

"Sonblotie-Plizer Tue,, New York, New York 10017,
8Rompun—Bayvet Division, Cutter Laboratories, Inc., Shawnee, Kansas 66201.

9G1ycodex—Burns~Biotec Laboratories Division, Chromalloy Pharmaceutical,
Inc., Omaha, Nebraska 68103.

1OBio—tal—Bio-Ceutic Laboratories, Inc., A division of Philips Raxane,
Inc., St. Joseph, Missouri 64502.
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In Group IIT 9.2 meters (30 feet) of the ileum and jejunum were removed.
The distal end of the proximal small intestine and ileal stump were blind-
stumped and oversewn. A side to side jejunal-cecal anastomosis was performed
on the dorsal cecal border.

In all cases the body wall was closed in routine fashion using 22 gauge11
wire in the linea alba.

Following recovery from anesthesia a sterile, absorbent, nonadherent padl2
was placed over each incision and held in place with an abdominal support
bandage of elastic tape.13 Abdominal bandages were left in place for seven to
ten days.

Procaine penicillin G and dihydrostreptomycin were continued for three
postoperative days at the recommended dosage. Phenylbutazonel4 was administered
orally daily for five days at a dosage of 1 gram/200 kg of body weight. Body
weight was determined three times weekly for two weeks and then every fourth
day. Blood chemistry values and a CBC were evaluated twice weekly for three
weeks, then once weekly for three weeks. TFeces were observed daily for three
weeks then three times per week for the remaining three weeks. OGTT were
performed during the first and fourth postoperative weeks.

At the completion of the sixth postoperative week the horses were gradually

switched from the pelleted ration to brome hay and winter pasture ad libitum.

llSurgical Wire-Steri-spool, P.0. Box 7114, Los Angeles, California 90022.

127e1fa surgical dressing-3M Company, 3M Center, St. Paul, Minnesota 55101.

13 ;
Elastiken~Johnson & Johnson, 501 George Street, New Brunswick,

New Jersey 08903

14
; Phen-Buta-Vet Tablets, Anthony Products Company, El Monte, California
91732,
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FECAL CONSISTENCY

Consistency

Formed,
Formed,
Formed.,
Formed,
Cow pie
Loose

Watery
Other

hard
firm
moist
crumble
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RESULTS
A, Clinical Observations

With one exception prolonged gross changes did not occur in fecal
consistency. Horse F developed transient diarrhea from day one through day
seven post surgery. A group C2 salmonella was isolated. The diarrhea was
attributed to the stress of the preoperative oral glucose tolerance test (0OGTT)
and the pretest fasting being done one day prior to the abdominal surgery.
Ventral midline incisional dehiscence of the skin and subcutaneous tissue
which healed via secend intention occurred concommitant with the diarrhea.

Horses in Groups T and IT and horse H in Group III maintained or gained
weight on the diet begun during the conditioning period. Two horses in Group
ITT, G and I, lost weight on the conditioning diet.

Prior to surgery all horses had readily consumed the daily pelleted ration.
All of the horses except G and I continued to do so following surgery. Horses
G and I exhibited a marked lack of interest in their pelleted ration. Their
feed consumption averaged % to % of their allotted daily allowance.

As a result of partial anorexia horse G was fed % of her pelleted ration
as a gruel via a nasogastric tube postoperative days three through ten. During
this time weight loss was not as rapid.

Horse I readily returned to feed following intestinal resection. However,
seven days later a clockwise displacement of the large bowel occurred. Surgical
correction was done. This was followed by a ventral midline incisional
dehiscence of the skin and subcutaneous tissue. Although the skin healed via
second intention, a linea alba hernia developed. Anorexia occurred following

the second surgery and five days later tube feeding was begun and continued

for seven days. Body weight loss was not as rapid during this period.
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Tube feeding of horses G and I was supplemented with a total of 2 kg/day
of prairie hay. The hay was readily consumed and was stopped one day after
the cessation of the tube feeding.
Routine postoperative convalescence occurred in the remaining horses.
In some instances mild transient neutrophilia, increased fibrinogen, and slight
temperature rises were evident following surgery (appendix). Leukocytosis and
increased fibrinogen values persisted slightly longer in horses G and I.
Throughout the study the following blood chemistry values: BIUN,
creatinine, glucose, P, Ca, Cl, K, and Na remained within normal limits for
all of the horses. Transient postoperative decreases in total CO2 in all
horses were attributed to increased respirations resulting from pain.
Subjective evaluation at the termination of the study in conjunction
with physical examination revealed horses A through F and horse H had maintained
or improved their physical status. All were healthy, active, in good flesh,
and possessed glistening hair coats. Horses G and T had lost weight, were
thin, had rough hair coats, and lacked good appetites. However, they had
stabilized and were active. When placed on pasture after the termination of

the study their appetites improved.
B. Group I

Transient increases in aspartate aminotransferase (AAT) and serum alkaline
phosphatase (SAP) occurred immediately following surgery. AAT and SAP values
decreased and remained within normal limits following the third pestoperative
week for all three horses. Horse B exhibited more marked AAT and SAP increases
than either horse A or C following surgery. {(Table 3 and &)

Total serum protein (TSP) remained within normal limits for the duration
of the study. Horses B and C exhibited decreases following surgery. Horse B

returned to presurgical levels during the second week following surgery.
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TSP for horse € remained decreased (Table 5).

Albumin concentrations decreased following surgery and gradually returned
to normal presurgical levels (Table 6).

Blood samples were evaluated two to four weeks following the trial pericd.
At that time the serum albumin levels for all three horses had rebounded to a
point within the upper limits of normal.

Results of the oral glucose tolerance tests (OGTT) varied. Horse A had
an essentially flat preoperative absorption curve (Figure 1). The first post-
operative test indicated some glucose absorption with a 29% increase at 90 minutes
(Figure 2). A 927 increase occurred by 90 minutes during the fourth post-
operative week (Figure 3).

Horse B possessed a normal preoperative tolerance test (Figure 1). The
first postoperative test revealed some glucose absorption (36%) but no signif-
icant peak occurred and this was considered to be less than normal absorpticn
(Figure 2). The second postoperative test had 71% increase of the pretest
level at 90 minutes (Figure 3).

The preéperative test for horse C showed a 717 increase by 150 minutes
(Figure 1). A peak of 105% occurred at 240 minutes during the first post-—
operative test (Figure 2). The final tolerance test only peaked at 24% (Figura 3).

Consequently the preoperative and first postoperative tests for horse A,
both postoperative OGIT for horse B, and the preoperative and second postoperative

tests for horse C indicated abnormal glucose absorptiom.
C. Group II

AAT and SAP transiently increased after surgery for all three horses.
AAT returnad to normal limits in all three horses by the third postoperative

week. A slight, transient, elevation occurred in horse F the third day
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following the onset of diarrhea (Table 3). SAP declined to preopevative
activity (Table 4).

A postoperative drop in both the TSP and albumin occurred in all of
these horses. The TSP tended to rebound the second postoperative week, while
the albumin levels remained low longer (Table 5 and 6).

Oral glucose tolerance tests revealed pre and post surgical glucose peaks
indicative of some glucose absorption. Horses D and E showed progressive
decreases in the peagks from the first to the third tolerance tests. Horse F

had peak increases of at least 100% in each OGTT (Figure 4, 5, and 6).

D. Group III

AAT levels increased after surgery and returned to normal for H and I.
Levels for G fluctuated in and out of the normal range throughout the study
(Table 3).

SAP was elevated prior to surgery in both horses H and I and within
normal range for horse G. Postoperative levels increased and remained elevated
above pretrial values throughout the study for all three horses (Table 4).

TSP and 'albumin levels gradually decreased following surgery (Table 5 and 6).
The albumin levels tended to be subnermal as were the TSP levels for G and I.

Presurgical OGITs on horses G and H indicated normal absorption with
bloed glucose peaks at 1530 and 120 minutes respectively. Horse I had maximum
absorption with a resultant blood glucose peak of 56% of the pretest level at
60 minutes (Figure 7).

Pestoperative OGTTs were performed on horse G at the first, fourth, and
tenth postoperative weeks. The blood glucose peaks were 31%, 52%, and 63% above
the pretest levels for the resgpective first, second, and third postoperative
tests. These were indicative of some intestinal glucose absorption (Figure 8 and

9).
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Horse H had glucose absorption but only achieved 447 and 467 peaks in
the first and fourth weeks following surgery. In a clinical situation these
results coupled with weight loss would indicate malabsorption.

The first postoperative OGTT for horse I revealed a flat absorption
curve. The four week test showed the absorption of some glucose with a blood
glucose peak of 407 of the resting blood glucose level (Figure 8 and 9).

Complications which arose from the abdominal surgery and intestinal
resection were the development of pestoperative diarrhea, the occurrence of a

large bowel displacement, incisional dehiscence, and minor skin suture abscesses.
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Table 3

ASPARTATE AMINOTRANSFERASE
(AAT)

Mutiple samples for a week are listed with the earliest
value upper most in the square.

Transient post surgical increases occurred in all horses,
Horse F exhibited a second transient elevation 3 days following
the beginning of transient diarrhea. In horse G, postsurgical
levels fluctuated between normal and slightly above normal.
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Table 4

SERUM ALKALINE PHOSPHATASE
(SAP)

Multiple samples for a week are listed with the earliest
value upper most in the square.

Post surgical elevations occurred for all horses. Horses
B and C returned to normal presurgical values during convalescence.
Horses A, D, E, F, and H had a elevated presurgical values
which increased further following surgery and subsequently declined
to presurgical activity. Horses G and I remained increased
at the study's end.
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Table 5

TOTAL SERUM PROTEIN TABLE
(TSP)

Multiple samples for a week are listed with the earliest
value upper most in the square.

All horses exhibited decreases in TSP following surgery.
Horses A and B had higher values at the conclusion of the
study than the presurgical levels while C, D, E, F, and H
had final levels below presurgical values. G and I had
fluctuating levels that were below normal at the study
conclusion. Samples taken 6 weeks following the end of the
study with the horses on grass indicated TSP levels of
5.7 g/dl and 7.0 g/dl for horses G and I respectively.
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Table 6
ALBUMIN

Multiple samples for a week are listed with the earliest
value upper most in the square.

Albumin levels decreased in all horses following surgery.
Group I levels returned to or above presurgical levels. Horse
D remained within normal limits while values returned to
normal limits in horse E after being subnormal. Values in
horse F decreased to subnormal even with a rebound in the
final three weeks. Horses G and I finished with subnormal
levels while H ended with low normal values.
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Figure 1

PREOPERATIVE ORAL GLUCOSE TOLERANCE TEST
Horses A, B, C

Horses A and C exhibited abnormal glucose absorption
curves., Horse B possessed a normal absorption curve because
the peak blood glucose level was 967% of the resting level.
Normal glucose absorption is considered to have occurred
if the peak blood glucose is > 80% of the resting level.
(See appendix table 7)

Peak % of
Horse resting level
7%
96%
71%
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Figure 2

1 WEEK POSTOPERATIVE ORAL GLUCOSE TOLERANCE TEST
Horses A, B, C

Horses A and B exhibited some glucose absorption.
However their % peaks were less than normal. Horse C
exhibited a normal absorption curve because the peak blood
glucose level was 105%Z of the resting level. WNormal glucose
absorption is considered to have occurred if the peak

blood glucose is > 80% of the resting level. (See appendix
table 8).
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Figure 3

4 WEEK POSTOPERATIVE ORAL GLUCOSE TOLERANCE TEST
Horses A, B, C

Horse A exhibited a normal glucose absorption curve with
a peak blood glucose of 927 of the resting level. Horses B
and C absorbed some glucose, The exhibited abnormal glucose
absorption curves because their peak blood glucose levels
were <80% of their resting blood glucose levels. (See
appendix table 9).

Peak 7 of

Horse resting level
A 92%
71%

c 247
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Figure 4

PREOPERATIVE ORAL GLUCOSE TOLERANCE TEST
Horses D, E, F

Horses D and F exhibited normal glucose absorption curves.
Horse E exhibited glucose absorption but because the peak
blood glucose was < 80% of the resting blood glucose level
the absorption was considered abnormal. (See appendix table 7).

Peak 7% of

Horse resting level
104%
E 67%

103%
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Figure 5

1 WEEK POSTOPERATIVE ORAL GLUCOSE TOLERANCE TEST
Horses D, E, F

Horses D and F exhibited normal glucose absorption curves,
Horse E exhibited glucose absorption. However, the peak
blood glucose was < 80% of the resting blood glucose level
and therefore considered abnormal. (See appendix table 8).

Peak % of
Horse resting level
80%
51%
142%
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Figure 5

| Week postoperative oral glucose tolerance test
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Figure 6

4 WEEK POSTOPERATIVE ORAL GLUCOSE TOLERANCE TEST
Horses D, E, F

Horses D and E exhibited glucose absorption. However the
peaks were < 80% of the resting blood glucose levels and were
considered abnormal. Horse F exhibited a normal glucose
absorption curve. (See appendix table 9).
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Figure 7

PREOPERATIVE ORAL GLUCOSE TOLERANCE TEST
Horses G, H, I

Horses G and H possessed normal glucose absorption.
Horse I absorbed glucose but because the peak blood glucose
was < 80% of the resting level the glucose absorption was
considered abnormal. (See appendix table 7).

Peak % of

Horse resting level
G 1297
123%

I 567
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Figure 7
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Figure 8

1 WEEK POSTOPERATIVE ORAL GLUCOSE TOLERANCE TEST
Horses G, H, I

All three horses exhibited some glucose absorption.
However all three curves were considered abnormal because the
peak blood glucose levels were < 80% of the resting blood
glucose levels. (See appendix table 8).

Peak % of

Horse resting level
G 51%
H 447,

I 18%
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Figure 9

4 WEEK POSTOPERATIVE ORAL GLUCOSE TOLERANCE TEST
Horses G, H, 1

All three horses exhibited some glucose absorption. However
all three curves were considered abnormal because the peak blood
glucose levels were < 80% of the resting blood glucose levels.
(See appendix table 9).

Peak % of

Horse resting level
G 52%
447

I 40%
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Figure 9

4 Week postoperative oral glucose tolerance test
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DISCUSSION

None of the horses died from the removal of varying amounts of small
intestine. Weight loss occurred in horses G and T which had 9.2 m (30') or
> 50% of the small intestine removed. Both of these horses were partially
anorectic and required tube feeding for one week. Horse G was tube fed
starting the third postoperative day and horse I was tube fed starting 5 days
following a second surgery to correct a large bowel displacement that occurred
one week following small intestine resection. The rate of weight loss
decreased while these horses were bring tube fed.

In horse H where 9.2 m represented < 50%Z of the small intestine a
weight gain of 4.5 kg was observed by the sixth postoperative week and a total
of 7.7 kg by the ninth postoperative week. The seventh through ninth post-
operative weeks free choice grass pasture was added to the test diet.

Horses in group I and group II gained weight with the exception of
horse F. Horse F contracted transient diarrhea following surgery. Salmonella
type C was cultured and the underlying cause was attributed to stress. This
horse regained weight to the preoperative level and continued weight gain
following the completion of the study.

All of the horses except G and I ate the full ration throughout the
project. Horses G and I consumed % to % of their daily ration following
surgery. Group III horses seemed to prefer roughage following the surgery
both during and after the study while the others did not. The lack of a
large segment of small intestine and consequently soluble carbohydrate
digestive and absorption area In conjunction with the ability of the equine

large intestine to convert nonsoluble carbohydrates intec volatile fatty acids
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may indicate the horses in Group III were changing their diet to adapt to the
altered digestive tract. The two horses (G and 1) that lost weight while
partially anorectic on the pelleted ration, exhibited a slower weight loss
when tube fed and when placed on pasture. Their appetite for and consumption
of the pelleted ration gradually improved several weeks following surgery
although their weights continued to decrease. Other possible reasons for a
roughage preference may be related to a change in the volatile fatty acid
ratios or pH levels in the large bowel as a result of the removed small
intestine.z’s’s’25
Anorexia may have been caused by the large amount of small intestine
removed and possible resultant pain from stretching of mesentery and intestinal
ligaments due to altered smalland large bowel position. Part of the weight
loss may well have been due to anorexia as evidenced by the slower decrease in
weight loss while horses G and I were being tube fed. However, the removal
of ® 50% of the total small intestine in horses G and I have resulted in the
lack of sufficient small intestine digestive and absorptive area. Hen?e the
possiblé lack of carbohydrate energy and proteins may have been primarily
responsible for the weight loss. The mechanisms of weight loss in these
horses warrants further study. Certainly malabsorption of protein and ample
simple sugars could be a contributing factor.

Weight gain in horse H and groups I and II may be explained by the
existence of sufficient digestive and absorptive area in the remaining small
intestine ox to the production and absorption of additional volatile fatty
acids in the large bowel. Sufficient small intestine surface area seems the
likely explanation for the weight increases. In horse H and horses in groups
I and II where < 50% of the small intestine was removed weight gain occurred.
Hence the weight gains may be directly related to sufficient small intestine

surface area and function.
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Absence of changes in fecal consistency support the hypothesis that
diarrhea, at least in adult heorses, is related primarily to malfunction or

4,107,197

inadequate function of the large bowel. The large capacity and

bacterial flora of the equine large intestine is apparently able to handle
the nonmetabolized dietary components leaving the small intestine.llg
Characterization of alterations in compartmentilization, ingesta flow pattern,
or fluid fluxes in the large bowel would be needed to define the mechanisms

of these actions.

As expected evaluation of BUN, creatinine, Cl, K, and Na revealed no
evidence of abnormalities (appendix). Normal liver function with synthesis of
urea, and normal renal function would preclude any elevation caused by the
possible increase in catabolism of protein. Normal renal function and normal
large bowel physiology would permit the maintenance of normal Cl, X, and Na
equilibrium.

Because of the inability of the central nervous system to store energy,
normal resting bleod glucose values would be expected even with a lack of
carbohydrate absorption.133 The balancing influences of insulin versus
glucagon, epinephrine, glucocerticoids, and a direct effect of decreased
glucose on the liver would keep blood glucose levels within normal limits.
Maintenance of blood glucose levels as well as electrolytes and minerals has
been demonstrated in fasted horses.139_141’143

Because calcium is absorbed in the proximal small intestine and
phosphorus is absorbed in the small intestine as well as the large bowel,
they would also be expected to be within normal limits for this short term
study. Absorption studies with labelled Ca and P over a longer period in

conjunction with urinary clearance values would be necessary to determine

any effects of massive small intestine resection.
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Transient postoperative neutrophilia and increased fibrinogen may be
related to the surgery and the inflammation associated with healing of the
abdominal incision and enterotomies, as well as to varyving degrees of
peritonitis. A more prolonged mature neutrophilia in horse F was attributed
to the develcpment of diarrhea and incision dehiscence. Horse I also displayed
a prolonged but transient mature neutrophilia related to peritonitis and
dehiscence of the abdominal incision following the second abdominal surgery.

Post surgical increases in AAT can be attributed to muscle damage and
intestinal manipulation as well as to hepatocellular changes associated with
general anesthesia.196 Horse F's second transient elevation following the
development of diarrhea may be attributed to intestinal damage and to destruc-
tion of hepatocytes. The fluctuation of AAT observed in horse G is presumed
to be the result of conversion of muscle protein to glucose. Intestinal damage
resulting from stretch and direct injury, ongoing intestinal adaptation, =and
partial small bowel obstruction are also considered possible sources. Ongoing
hepatocyte damage in horse G due to hypoxia, endotoxin, cholestasis, and
fibrosis may be a plausible explanation for the increase in AAT. In spite of
elevated AAT levels the final three weeks of the study, however, sorbitol
dehydrogenase (SDH) values, revealed nmo liver involvement (appendix).

Serum alkaline phosphatase (SAP) levels varied widely in each group of
horses both preoperatively and postoperatively. Because SAP comes from several

63,198,200 All

different sources a number of plausible explanations exist.
horses exhibited transient peaks possibly from liver and intestinal sources
following surgery. Baseline increases for horses A, E, F, and H could be
related to osteoblastic sources since these horses were 3 to 4 years old.

Horse D displayed elevated SAP levels which would seem to be nonhepatic in

origin.
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Group I1I displayed the most marked, long lasting elevation in SAP.

Since assays of AAT and SDH activities did nof indicate hepatotoxicity,
intestinal mucosa was a likely source. Roberts has shown horse intestinal
mucosa to be rich in AP except for the terminal small colon and rectum.6
Prolonged small intestinal adaptation, continuous intestinal damage resulting
from functional changes, damage due to abnormal stretch as a result of organ
placement, partial obstruction, or venous and lymphatic obstruction due to
mesentery cleosure, could account singly or collectively for this type of an
increase. Induction of SAP from endogenous glucocorticoid release in response
to stress and malabsorption was also possible. However, concomitant eosinopenia,
lymphopenia, or hyperglycemia would be expected and this did not occur.

Irrespective of the cause of SAP elevation it is reflective of sustained
metabolic or structural changes attendant to extensive resection and the poor
prognosis traditionally associated with such interventions.

Total serum protein (TSP) and albumin concentrations are best interpreted
together because they are closely related. Consideration of the albumin:globulin
(A:G) ratio also lends insight into clinical events.

Abrupt decreases of both TSP and albumin in all horses were related to
blood loss at surgery. Changes in the A:G ratio were associated with dispro-
portionate increases or decreases in the globulin fraction related to inflammatory
and immunologic reactions (appendix). Horse F displayed low normal albumin
(2.7 g %) at the beginning of the study with a high normal TSP (7.5 g %) and
high globulin fraction (4.8 g %). The consistently low albumin and decrease in
TSP were associated with protein losing gastroenteropathy as a sequel to
diarrhea.201—204

Group III exhibited the most marked decrease in albumin and TSP levels
with albumin levels continuing to drop throughout the study. Loss was attributed

to trauma of handling intestines, loss arcund the anastomotic site, and
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possible loss due to lymphatic blockage as a result of mesenteric closure or to
stretch resulting from abnormal intestinal location following surgery.

Decreases in albumin and globulin synthesis could account for hypo-
albuminemia over a more extended period of time. However, in the horse, the
half life of albumin is 18-21 days and approximately 1l days for gamma globulins
and this would not account for the dramatic and rapid decreases observed. In
most cases decrease of albumin levels precede the development of hypoprotein-
emia L in dietary protein deficiencies.204_209

These alterations in protein values also explain in part why extensive
intestinal surgery in horses results in so many complications. Loss of immuno-
loglobulins, osmotic pressure, and metabolite transport and binding potential
are serious events which are usually difficult to quantify and correct.

Oral glucose tolerance tests (OGTT) are employed to assess the functional
absorptive capacity of the small intestine. Normal small intestine function is
considered to be characterized by a post-glucose-administration blood glucose

1,133,135,187 Four of the horses

peak of 80% or more above pretest levels.
(A, C, E, and I) displayed abnormal presurgical tolerance tests. If simul-
taneous weight loss occurred this would have been indicative of malabsorption.
The other horses had normal presurgical OGIT by achieving glucose peaks above
B80%Z of pretest levels. Group I and II experienced mixed results for the 1 week
and 4 week postoperative OGTT. All of these horses gained weight throughout

the study and consequently no correlation with malabsorption could be made.
Unlike the other horses in Group I and II, horse F did exhibit a marked increase
in peak blood glucose levels. The first postoperative OGTT was done following
the cessation of diarrhea. The peak was achieved 60 minutes later than in the
presurgical OGTT. The four week OGTT reached peak levels only 30 minutes

later than in the presurgical OGTT, suggesting that diarrhea increased time

to peak blood levels.
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The postoperative OGIT for Group III horses exhibited decreases in glucese
peaks. However, with increasing time from surgery the peak blood glucose levels
increased. A 10 week post surgical OGTT on horse G continued this trend.
Although the peak blood glucose percentages were less than 80% following surgery,
some glucose was being absorbed even in the horses with > 50% of their small
intestine removed.

In several instances the blood glucose peaks occurred following the
normally accepted 120 minute period and the 6 hour levels were often above the
pretest ranges. In addition wide fluctuations sometimes occurred in the final
glucose assays of several tolerance tests. These latter changes mav be related
to insulin regulation of elevated blood glucose levels and exemplify the reason
some investigators prefer xylose absorption to glucose absorption tests.

The increasing post surgical peaks in blood glucose levels in Group III
support the possibility of the occurrence of adaptive small intestine changes.
These changes could either be the result of larger numbers of epithelial cells
or from an increased functional capacity of the cells already present. The
SAP levels in this group could be further evidence of the intestinal adaptation
process especially with horses G and I. Further work needs to be done on horses
with a majority of their small intestine removed to clarify and quantify these
effects. The poor correlation between OGIT, length of bowel removed, and
weight gain (or loss) strongly suggests that the role of OGIT in diagnosis of
malabsorption should be re—assessed.

The changes observed and discussed appear to be related to intestinal
and not hepatic or renal changes.

Complications arising from the abdominal surgery and intestinal resection
included the development of postoperative diarrhea, the occurrence of a large

bowel displacement, incisional dehiscence, and minor skin suture abscesses.
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SUMMARY AND CONCLUSIONS

Nine mixed breed horses of both sexes between 3 and 17 years of age were
used to study certain effects of the removal of varying lengths of the distal
small intestine. Following the completion of a conditioning program which
included a standardized pelleted ration, the horses were randomly divided
into three equal groups with 0, 4.6 m (15"}, and 9.2 m (30') of distal small
intestine removed from Group I, TII, and III respectively. Monitoring of
patient progress was accomplished by clinical observations, serial body
weights, serial blood counts and blood chemistry, fecal evaluation, and
preoperative and postoperative oral glucose tolerance tests. The laboratory
data from the nine horses is discussed. At the termination of the study, the
horses were returned to a roughage diet in preparation for further digestion
trials.

Although the number of animals used in this project did not permit
statistical analysis, the results do suggest general trends. Gross fecal
changes did not occur in any group, supporting the hypothesis that diarrhea in
adult horses is a result of malfunctioning of the large bowel.

All horses lived and weight gain occurred in Group I, II and 1 horse in
Group III in which the 9.2 m of small intestine removed was < 50% of the
total length of the small intestine., Weight loss occurred in the two horses
in Group III in which the 9.2 m of small intestine removed constituted > 50%
of the total length of the small intestine.

Transient albumin and globulin deficits, attributed to loss at surgery,
occurred in all three groups. However, Groups II and III displayed more
prolonged deficits possibly related to lymphatic obstruction, protein losing

gastroenteropathy, and peritonitis.
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Little correlation was observed between the glucose absorption tests,
weight loss or gain, and possible malabsorption. The horses in Group III
displayed some change in postoperative glucose absorption. In each case
improvement in absorption occurred with increasing time from surgery. Intes~
tinal adaptation which occurs in humans and other animals may occur in
horses. Histopathologic examination is needed for verification.

Group III horses preferred roughage when compared to Groups I and II,
possibly as a means of adapting dietary intake to the residual functional
capacity of the digestive tract. This would be consistent with decreased
soluble carbohydrate and protein digestion and absorption in the reduced
small intestine, thereby increasing the demands on the large intestine and
its conversion of carbohydrates into volatile fatty acids. Since the horse
appears to be more efficient in deriving energy from carbohydrate as compared
to protein utilization in the large intestine, long term effects of the
removal of a major portionm of the small intestine absorptive area may be more
devastating to protein metabolism than to carbohydrate metabolism.

Further investigation to determine the specific effects of small
intestine function, surface area, and intestinal length with respect to
total body surface area in regards to carbohydrate and protein digestien and

absorption needs to be done,
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Table 7

ORAL GLUCOSE TOLERANCE TEST (mg %)
(OGTT)
Preoperative

Horse A exhibited an essentially flat absorption curve.
Horses C, E, and I exhibited glucose absorption although peak
levels were below the minimum accepted normal peak level of
80% above the pretest value. Horses B, D, F, G, and H
had normal peak glucose levels.

Peak levels occurred in horses A, B, D, F, and T by
the second hour. However, in horses C, E, G, and H peaks
occurred after 2 hours. Horses A, D, F, and I had 6 hour
levels within the presample range as normally expected.
Horses B, C, E, G, and H had 6 hour levels higher than the
expected pretest ranges.
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Table 8

ORAL GLUCOSE TOLERANCE TEST (mg %)
(0GTT)
One Week Postoperative

Horses A, B, E, G, H, and I displayed glucose peaks below
the normal accepted minimum of 80% above initial glucose levels,
Horses C, D, and F had peak levels > 80% above the initial
glucose level.

Horses F and G peaks occurred after the anticipated
2 hour time period. At six hours assay values had returned
to pretest levels in Horses A, B, E, F, G, H, and I. In
horses C and D, 6 hour levels remained elevated above pretest
levels.
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Table 9

ORAL GLUCOSE TOLERANCE TEST (mg %)
(OGTT)
Four Week Postoperative

Normal glucose absorption with > 80% absorption by
2 hours occurred with horses A and F. Horses D, E, H,
and T had peak levels by 2 hours with < 55% absorption
and horse B a peak of 71% by 2 hours. Horses C and G

had peaks < 52% after 2 hours.

Six hour levels near pretest concentration occurred
for horses A, C, E, F, H, and I.
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Although the small intestine of the horse is involved primarily and
secondarily in many medical and surgical diseases, knowledge of specific
effects of the removal of varying lengths of small intestine is lacking. This
study was undertaken to quantify these effects in hopes of clarifying potential
postsurgical problems. This study was also designed to provide some insight
regarding how much small intestine could be removed without producing
irreversible weight loss, diarrhea, or metabolic disorders.

Nine mixed breed horses of both sexes between 3 and 17 years of age were
randomly divided into three equal groups with 0, 4.6 m (15'), and 9.2 m (30")
of distal small intestine removed from Group I, II, and III respectively,
following the completion of a conditioning program which included a standard-
ized pelleted ration. Monitoring of patient progress was accomplished by
clinical observation, serial body weights, various serial blood counts and
blood chemistry, fecal evaluation, and preoperative and postoperative oral
glucose tolerance tests. At the termination of the study the horses were
returned to a roughage diet in preparation for further digestion trials.

Although the number of animals used In this project did not permit
statistical analysis, the results do suggest trends. No gross fecal changes
occurred in any group, supporting the hypothesis that diarrhea in adult horses
is a result of malfunctioning of the large bowel.

All horses lived and weight gain occurred in Group I, II and I horse in
Group IIT in which the 9.2 m of small intestine removed was < 50% of the total
small intestine length. Weight loss occurred in the two horses in Group ITI
where the 9.2 m of small intestine removed was > 50% of the total small
intestine length.

Transient albumin and globulin deficits, attributed to loss at surgery,
occurred in all three groups. However, Groups II and IIT displayed more

prolonged deficits possibly related to lymphatic obstruction, protein losing



gastroenteropathy, and peritonitis.

Little correlation was observed between the glucose absorption tests,
weight loss or gain, and possible malabsorption. The horses in Group III
displayed some change in postoperative glucose absorption. In each instance
improvement in absorption occurred with increasing time from surgery. Intes-
tinal adaptation which occurs in humans and other animals may ocecur in horses.

Group III horses preferred roughage compared to those in Groups I and II,
possibly as a means of adapting dietary intake to the residual functional
capacity of the digestive tract. This would be consistent with decreased
soluble carbohydrate and protein digestion and absorption in the reduced
small intestine, thereby increasing the demands on the large intestine and its
conversion of carbohydrates into volatile fatty acids. Since the horse
appears to be more efficient in deriving energy from carbohydrate as compared
to protein utilization in the large intestine, long term effects of the
removal of a major portion of the small intestine absorptive area may be
more devastating to protein metabolism than to carbohydrate metabolism.

Further investigation to determine the specific effects of small
intestiﬁe function, surface area, and intestinal length with respect to total
body surface area in regards to carbohydrate and protein digestion and

absorption needs to be done.





