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INTRODUCTION 

The relationship between the domesticated sheep, Ovis aries, 

and the pronghorn antelope, Antilocapra aJnericana americana, is close 

enough to validate a. comparati.ve gastrointestinal tract analysis 

(Table 1). This analysis is intended to compare and describe.the 

various parts of the gastrointestinal tract of each species in the 

order of their occurrence from the esophagus through the rectu.�. 

Due to its deciduous horns the pronghorn antelope has been 

separated into a single family, Antilocapridae. The genus Antilocapra 

is the only living genus of the family Antilocapridae. The genus name 

Antilocapra was compounded by Ord, in 1815, out. of Latin antilope, 

an Antelope, and Capra, a goat (Seton, _1929). 

A total of four subspecies of antelope has been described. 

A brief description of each subspecie will be of assistance in under­

standing the particular subspecies used in this study. Of the four 

subspecies, two originated in the United States and two in Mexico. 

Antilocapra mericana aBericana (Ord) 1815 is the most common sub-
.species in the United States and is the type found in South Dakota. 

Antiloca ra americana arnericana was used in this study. Antiloca.nra 

americana oregona Bailey, 1932 is located in the Hart Mountains of 

Oregon (Hall, 1946). Antilocapra a lericana mexi.cana Merrie ... '11, 1901, 

a pole breed, is found in Chihuahl�a, t-Lxi.co ( Seton, 1929). Antil.ocanra 

americana peninsul ris ( 1Telsen, 1912) is much like the subspecies 

arJ2ricana, b"C.:. id th darker face-:narkings ::ind a dark band joining tail 
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Table 1. Outline showing the basic position of the domesticated 
sheep and the pronghorn antelope in the zoological scheme. 

:::,:;.:.;;;;:::=,-:-::====--====-=======-===-=::=- ================= 

Kingdom - Animalia 

Phylum - Chordata 

Class - Mammalia 

Order - Artiodactyla 

Suborder - Hwninantia 

Family - Bovidae 

Genus - Ovis 

Species - aries 

Ovis a.ries - Domesticated sheep 

Kingdom - Anirnalia 

Phylum - Chordata 

Class - Mammalia 

Order - Artiodactyla 

Suborder - Ruminantia 

Fa�ily - Antilocapridae 

Genus - Antilocanra 

Species - eJner·ica!1a 

Subspecies - a�ericar.a 

Antiloca.Dra a::11ericana. cl:teric na - Pronghorn ar.telope 

Subspecies· - orgeona 

Subspecies - rr.exicana 

Subspecies nsnins-:Jlaris 
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and back. These subspecies are located 45 miles south of Calmalli, 

Me:x:i.co (Seton, 1929). 

Throughout this study both species ·will be referred to by 

their cormnon rather than scientific names. 

The pronghorn antelope and the sheep are similar in that the 

family Antilocapridae and the family Bovidae both have the presence 

of a gall bladder and a �ompletely developed four chambered stomach. 

The difference in the two fa�ilies is distinguished by the fact that 

the family Antiloca.pridae is the family of ruminants containing a 

single species, the pronghorn antelope. Therefore the characteristics 

of the animal are the characteristics of the genus and of the family. 

Also this family includ�s branched horns, present in both sexes, that 

are shed annually. The unbranched horn cores are not shed; thus 

they are called pronghorn (Cockrum, 1962). In the f ily Bovidae 

the horns do not shed and are paired, unbranched, and composed of 

keratin which grows out slm--ily and continuously from the base of 

projecting bony corelj_ke prolongations of the frontal bones (Pen.l'lak, 

1964). 

Very little work has been done or published on the anatomy, 

uch less the histological anatcmy, of our garne species. v.ith this 

in min�, and so that the gross ar.d histologic anatomy cf the gastro­

intestina_ tr.?.ct c2n be better understood, a study of tl_e gastro­

intestinal tract was s1.�ggeste to the author by Dr. R. N.. Swanson, 

Department of Entou�ology-Zoology, South '.?.:<ota State Uni ver.sity. 



4 

An attempt was made in this study to compare the gastrointestinal 

tract of the sheep and the pronghorn antelope, using the sheep as a 

guide because of its similarity and availability. 

The purpose of this study is not to prove any anatomical 

differences, but to compare the gastrointestinal tract of the two 

species. This comparison is to sho-\-✓ correlation between species, 

with emphasis on pronghorn antelope because of lack of information 

on wild game ruminants. 
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LITERATURE REVIEW 

Limited material has been published on gross and histologic 

anatomy of the gastrointestinal tract of the sheep. A careful 

literature search has revealed a lack of work done on gross and 

histologic anatomy on either domestic or wild ruminants. Many 

references were found in regard to physiological and biochemical 

aspects  of most of the studied segments of the gastrointestinal tract 

of domestic 1�uninants. No material was found on histologic anatomy, 

and very little on gross anatomy of wild ruminants gastrointestinal 

tract s . 

Esophagus 

The e sophagus of sheep has a lumen of about 2 . 5  cm. when 

moderat ely distended (Sisson and Grossman , 1953). The wall is 

relatively thin, and both muscular layers are striped throughout. 

Muscular layers consist of two strata of spiral fibers, except near 

the stomach , where they are longitudinal and circular .  These two 

muscular layers continue into the stomach wall . A glandular prominence 

is formed, in the mucous m��brane , at the cranial end of the esophagus, 

whereas the remaining portion is non-glandular . 

The esophagus of prong orn antelope is about 30 C i . in length, 

with a diameter of l½ cm . in the female, and 2½ cm . in th e males . 

(Wenzel , 19 5 5 ) . 
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Trautmann and Fiebiger (1952) described the esophagus of all 

domestic animals as · consisting of a cutaneous mucous membrane and a 

muscular tunic, which, in the cervical region , i s  covered by a loose 

fibrous adventitia. In the thoracic reg.ion the adventitia is replaced 

by a serous membrane. At the mucosal ba.se is  a tunica propria made 

up of closely woven collagenous fibers . Its well developed papillary 

body is  overlain by strat�fied squamous epithelium. The muscularis 

mucosa , made up of longitudinal fibers , in ruminant s is incomplete 

in the cranial portion , but more of a continuous sheet in the caudal 

portion. In some domestic animals the loose submucosa contains 

mucous glands . In ruminants , however , glands are present only at 

the pharyngoesophageal junction . 

of two layers of striated mu scle . 

The tunica muscularis is made up 

At first these layers cross each 

other obliquely, then take a spiral course. 

May (196L;.) noted that the wall of the esophagus in sheep is 

composed of four layers : an outer areolar coat , a muscular coat 

contributing to the thickness of the tube, a loose submucous layer 

attached to  the 1u scular coat, and an inner thick mucous membrane 

which forms longitudinal folds w .en the tube is distended . 

Stomach 

The stomach of she p ( Trautma11n and Fiebiger , 19 52 )  and 

pronghorn antelope (lfonzel ;  19 5 5 )  i s  divided into four compartment s . 

Th e  thre e n0n-glc:ti1.dul2.r di -re ticula are : ... um en ,_ r et i cult.ID ;  aJ1d o�u,:.s:1_--n e 

T'he�e co:npr1. se th e fore -tc::iac .... ·n e fourth c c,:i�artr:1eY1t i s  a trt1.e 
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glandular stomacl , the abomasum (Trautmann and Fiebiger, 19 52) . The 

average stomach capacity of the sheep is about four gallons (Sisson and 

Grossman, 1953 ) . Externally all parts of the stomach are separated by 

constrictions which correspond to internal ridges that partially 

differentiate the cavities . The rumen, reticulum , and omasum are 

termed sacculations of the esophagus because they are lined with 

stratified. squamous epithelium and are non-glandular .  The abomasum 

is  comparable to the stomach of the horse and dog because it is lined 

\_rith simple colwnnar epithelium and has a glandular mucous membrane 

(May , 1964) .  

Rumen 

The rumen of sheep is partially divided into two sacs , dorsal 

and ventral, the line dividing these being the right and left longi­

. tudinal groove . The dorsal sac of the ru."'nen is a little longer and 

extends further forward than the ventral sac � The ventral sac is 

larger than the dorsal and its posterior blind sac ext ends 6-8 cm . 

·farther than that of the dorsal posterior blind sac (Sisson and 

Grossman, 19 53) .  The cranial external demarcation of the dorsal sac 

is the nun:ino-reti cular groove, which is  well m-arked ventrally and 

laterally . Hay ( 1964) noted that from th e caudal transverse groove 

on eac. side , coronary grooves extend both dorsally and ventrally. 

Si s son a.r:.d G::-o s t·man ( 19 53 ) sugg e st ed that th er e i s  no right dor -a.l 

Cor ·- - ..,, ,..,_ C(',ron.;;_..,..y E1-·.roo'tr-"'S P"_i_a:r.:- off the poste·r•ior dors .1 and ' l., : • .f g:z-C 78 • - • - � <;; • • • -



ventral blind sacs from the main cavity . Cranially the anterior 

transverse groove divides anterior dorsal and ventral blind sacs. 

8 

Wenzel (1955) described the rumen of pronghorn antelope as 

divided into dorsal and ventral portions by the longitudinal groove. 

The anterior end of the dorsal rumen is rounded and its junction 

with the reticulum coincides with �the rumino-reticular groove. The 

dorsal ruiuen does not extend as far posteriorly as the ventral rumen. 

The dorsal rumen measured 30 centimeters from the rumino-reticular 

groove to the most posterior part, and 15 centimeters in depth, 

whereas the ventral rumen measured 35 centimeters in length and 14 

centimeters in depth. The ventral portion is 10 centimeters more 

posterior than the dorsal portion. 

Histologically, t,he mucosa of the rumen forms large tongue­

shaped papillae . The mucosa has neither glands nor lymph nodules. 

Squamous epith elium varies in thickness a.Dd is covered by stratum 

corneum, stratum granulosu.m and stratum lucidum . In places where 

the stratu.� corneui.u is under tension, as on the tops of papillae, 

. cells undergo the usual flattending in the process of corni fication. 

Similar p eno:nena a.lso occur in reticulu� and 01!!.astUn . The submucosa 

is loose  and thin and blends into the la�ina prppria. The muscu.laris 

mucosa is abs nt , but a deeply stained sheet of connective tissue , 

which extends into the papillae , m.ay be mistaken for muscula.ris mucosa . 

The tunica mus cula:cis is composed of t ·ro layers .. The outer layer is 

directed e s s e;1tial.ly cr.s.niocau ..1.3.lly, but i n  m?.ny places both ley�rs 



take a more oblique or even a dorsoventral course (Andrew, 1959; 

Trautmann and Fiebiger, 1952 ).  

9 

Blasco (1932) noted that sheep have two muscular coats at 

right angles to each other, whereas in domestic goat s  there are 

three coats in some places. No glands were found in the rumen. 

Blasco recorded measurements of dtfferent layers of rumen and reticu­

lum of sheep and domestic goats which are listed in Table 2 .  

Dozsa et _1. (1965 ) observed that in yearling sheep a sample 

of mucosa taken from any area of the rumen satisfactorily reflects  

the character of the entire rumi nal mucosa; also, _ samples of  mucosa 

obtained by biopsy· are equivalent to those taken after slaughter .  

It was noted that length of papillae varied within specific areas, 

but average length ranged from 1.9 - 2. 2 mm . Papillary bodies were 

distinct in al.most all papillae , ranging in length from 3 6. 0  - 75.0 

microns , whereas the ·width of papillary stratum corneum ranged from 

11 . 8  - 27. 2  microns. The stratum corneum was observed to be  compact 

on the tips of papillae, but cells on the surf ace may be si·mllen . 

Total thickness  of the rumen varied between 1. 6  - 2 . 6 m.rn, the difference 

being oted only in muscle layers and s erosa. 

Reticu_ um 

The r.oticulum of sheep is  the most cranial part of the st mach 

anc is so!ncwhat p1riform ·:tn 5hape. Th e parietal surface is convex, 

The visceral su�faca  faces the ppp0sic e 
. ..\- . J...rec v2on 

' + � t' +_ ,... ::i �:'::> _ _  1 l e ..,.:t en•- ,._ e o.t e:i to C:!11:=. su:n a11G. J. s re .... s. ... s . .  t to .ne ru.::1 -n , ct'.1'" .., ....,  - -- - ... � 
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Table 2 . Rumen and reticulum thickness per layer of sheep and goats  
in m."11 . 1 

Sheep Goats  

Rumen : 

Serosa 0. 170 0 .023 

External muscular layer 2 . 088 1 . 004 

Internal muscular layer 0 . 680 0 . 027 

Submucosa 0 . 259 0 . 421 

Mucosa 0. 111 0 . 185 

Papillae 1 . 680 3 . 577 

Reticulum : 

Serosa 0 . 259 0 . 122 

External muscular layer 0. 726 0. 726 

Internal mus.cular layer 0 . 908 1 . 044 

Submucosa 0 . 167 0 . 5 55 

Mucosa 0 . 078 0 . 078 

Papilf-ae 2. Lr06 3 . 507 

1A .  Blasco , 193 2 , Structure of the di� e st ive .9.._ga�s of 'min�nts , 
� ev . Hig . y sz..n . P cmtr . 22-CZ/5): 2L�6-263 • 
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and abomasum . The reticulum ends dorsally by j oining the rumen at 

the rumino-reticular groove (May, 196h). 

Wenzel (1955) described the reticulum of pronghorn antelope as 

being anterior to the umen , oval in shape and 15 centimeters long 

with a maximum width of 14 centimeters . Thickness of' the walls is 

about the same as that of the rumen walls. The reticulated pattern 

of the mucous membrane was also observed . 

The mucous membrane is raised into folds about half an inch 

�igh and they enclose four to six-sided spaces . This peculiar 

arrangement suggests the popular name "honeycomb" .  These spaces 

grow continually smaller and gradually disappear near the reticular 

groove and at the edge of the rumino-reticular fold ( Sisson and 

Grossman , 19 53 ) . 

Detailed structure of the mucosa resembles that of the rumen • 

. In most large folds there is a band of smooth muscle fibers which 

run in the same ·ctirection as the fold and is continuous with the 

muscularis mucosa of the esophagus . otherwise ,  muscularis mucosa is  

absent . Yne muscular tunic consists of two layers at right angles , 

and is much thicker at the apex of the reticulum. This tur1ic runs 

an oblio_ue cours e ( Andr�vi, 19 59 ;  Trautmann and Fiebiger , 19 52 ) . 

Omasum 

The oval om2.su.n of the sheep has the capacity of approximately 

• 
-i-.. 4- h . d ., . .J. di ::::i .c,o, ds one pint . Its cavity con:.ains a. vOU 1., a 1UJ10.:·e .. LOngi u. .. _ .... .1. .1. 
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have umerous roun ed , horny papillae which stud the surface . A four 

i nch groove , sJlcus omasi, extends the reticulo-omasal opening to the 

omaso-abomasal opening ( Sisson a.nd Grossman , 1953 ) .  The lesser 

curvature faces left and dorsally . The greater curvature faces right 

and backwards (May, 1964) .  

The omasum of  pronghorn an�elope is globular in shape and is  

approximately ten centimeters long and six centimeters wide , ·with 

walls three millimeters thick. The omasum is connected to the 

abomasum and reticulum in the same manner as in sheep (Wenzel , 1955 ) .  

The cutaneous mucous membrane contains dense capillary nets 

immediately under the epithelium . :Mucous membran.es  have a distinct 

muscularis mucosa with no glands or lymph nodules. The laminae omasi 

contain various layers depen:ling on size of lai-ninae . The tuni ca 

muscu1a.ris is composed of an outer ,  thin,  longitudinal layer and an 

inner, thic er , circular layer whose i nnermost stratum is continued 

into the larger laJn.inae ( Trautmann and Fiebig er, 19 52 ) .  

Abomasurn. 

The abcrriasTu"1l is  2.n elongat ed tu.bul r truc 1.1ure wider at the 

omasal ,  or fun-- ic region ., than f\t the pyloric enc ( : ray, 1961} ) .  The 

fundic por t. ion i s  lined i. tith a soft gla. dular mucous me.nbrane , with 

over t.- elve spi...·2.l fold s .. A ��:--.all cr\r iac gle.:-:_d zone surroun s th e 

omasal 2. c:�8.s?.1 orifice  ( Sisson 2n GrGs r·c.a. _ ., 19 53 ) . 

� T  11 � ' ,  , - � -. .  -r,., 1· n ';"',: .... O"l"', �-· '.-:0-_ .-, 1 � '7"1  ... ,t p"'_•_op, .:=-; � 1"'8 + 'n1_· r,....,_..,,:;_ .. t 2.n 1i: 8. s O .!. ·c c G  c U::)U::T..:'. � >..-...:., - �- .::.: :  ,- - _ ..., _  - ..., - - - '-
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length of 23 centimeters .  Inside surfaces of promnal portions are 

characterized by lm gitudinal folds or rugae, which are much smaller 

at the distal portion (Wenzel , 1955) . 

The wall of the abomasum is composed of a mucosa, tunica muscu­

laris, and serosa . The surface epithelium consists of a simple 1 yer 

of high (20-30 µ )  columnar cells . -- Epitheliial cells of ruminants have 

a striated border and continue into depressions , or gastris pit s, 

which increases the amount of secreting surface area . The lamina 

propria contain gastric glands , supported by a delicate connective 

tis sue framework . F'undic glands are not necessarily found in the fun­

dus. They are less branched than other glands a�d have a neck distinct 

from the glandular body . Pyloric glands open into much deeper pits and 

are more branched and coiled into a ball . The body of the gland is 

usually short, the excretory duct u sually enters deep into lamina 

- propria. The muscularis mucosa lies under lamina propria and probably 

plays a part in emptyling the glands . Submucosa is composed of loose 

connective tissue and m2ny elastic fibers . 1�is layer i s  backed by 

tunica muscularis whi ch consists of an outer longitudinal, an outer 

oblique layer occurring near the cardia, and an inner circular layer 

(Andrew , 19 59 ; rrrautm2.nn an Fiebiger, 1952 ) . 

Int e s t ine 

h 7 ] · · t · f · PD i· s a ou� 80 feet lon0° with a dic.1ne-l e sma _ _  in�es  .ine o sne-. � � 

ter of ab ut 2_:i. i nch ,. Di2;ne t.er increB.ses et it s t err .. inal part , where 

ve e .. � e;1sive .r1 eyer ' s p9.tches  are found ( Sisson and Grossman , 19 53 ) • 
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In sheep the duodenum extends from the pylorus of the abomasum 

for a distance of t-vo feet or more. The duodenum is divided into 

three parts. The first part forms an S-shaped curve on the caudate 

lobe of the liver and at the cranial end of the right kidney. The 

second part passes back toward the tuber coxae then turns forward 

to form the iliac flexure. The third part passes forward over the 

medial side of the second part . Common bile and pancreatic ducts 

enter the duodenum about two inches behind the S-shaped curve in the 

second part (May, 1964) .  The duodenum of pronghorn antelope measured 

about 0. 76 meters ( 2 . 5 feet) (Wenzel, 1955) .  

The remainder of the sheep ' s  small intestine, j ejunum and 

ileum, is arranged in numerous, very close coils (Sisson and Gross­

man , 1953) . The jejunum was measured in pronghorn antelope at 22 feet 

and ileum at 17 feet . Total length was found to be about 4/.} feet 

(Wenzel , 19 5 5). 

Large Intestine 

The caecum of sheep measures from ten to twelve inches ( 25-

30 cm . )  in length, two to three and a half inches  wide, a.'11.d has the 

capacity of one quart . The colon begins at the. ileo-caecal opening 

and extends about fift een feet . It s caliber is about the sa�e as the 

caecum to begin ivi.th, but gradually diminishes to about the iddth of 

the small intestine (Hay, 1964 ; Sisson and Grossman, 1953 ) . 

Wenzel ( 19 5 5 )  noted that the caecum of pronghorn antelope 

was a conspicuous blind pouch at the ileo-caec2. . junction ,  and was 
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35 centimeters long and six centimeters wide. The colon also varied 

greatly in width , and measured 18 feet in length . 

The rectum is usually covered with peritoneum, whereas the 

retroperitoneal portion is surrounded by a large quantity of fat . 

The anus is not prominent . 

Intestinal Histology 

Literature cited on histological anatomy of the intestinal 

tract is not specific for sheep or pronghorn antelope, but is 

described as  "histology of domestic animals" , in which the sheep was 

mentioned . 

All areas of the intestinal tract consist of a mucosa, sub­

mucosa, muscularis, and ·serosa . Surface epithelium consists of 

simple columnar and goblet cells, which reach their greatest height 

on villi . rThe  l&'Tiina propria has a framework of reticular tissue 

with elastic fibers and smooth muscle bundles . Villi are proj ections 

of lamina propria a.nd serve to increase surface area available for 

. absorption . Ru�inants have short and thick villi . Glands of 

Lieberh"U.hn are found in the larrd.na propria, from pylorus to anus . 

In the duodemun , excretory ducts of submucosal -glands pass through 

the . lamina propria . Generally , glands of the large intestine are 

farther apart than those of the small intestine ,  but are longer and 

straighter . The exception is found in domestic goats , in which 

all intestin�l glands are tortuous ( Hans, 1947 ) .  



The muscularis muco sa consist s of budnles of smooth muscle 

fibers which are perpendicular to one another . In the duodenum, 

muscularis mucosa may be interrupted or absent , because it splits 

into separate strands which dip into the glandular layer . 
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The submucosa consists of loose connective tissue and elastic 

fibers . It contains fat cells , lymph nodules , autonomic ganglia ,  

nerves and blood vessels . In the duodenum the submucosa contains 

Brunner ' s glands . 

Lymph nodules , in large numbers , are commonly found in the 

ileo-caecal region . In the large intestine solitary nodules are 

more frequent than in the small intestine . 

Tuni ca muscularis i s  arranged in two layers at right angles 

to one another . No evidence of taeniae i s  found in the longitudinal 

layer of ruminants ( Trautmann and Fiebiger, 19 52 ) . 



METHODS AND MATERIALS_  

Preparation and Collection of Tissues 
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Gastrointestinal visceral samples of pronghorn antelope and 

sheep were collected, by the author, on three different occasions. 

Visceral samples from six two-year: old sheep were selected at random 

from the evisceration line . at the John Morrell Neat Packing Company, 

Sioux Falls, South Dakota on September 5, 1967 . Collection of one 

pronghorn antelope was made in Perkins county on May 30, 1967. 

The third collection , which consisted of seven pronghorn antelope, 

was made in Harding county on September 30, 1967. Age of pronghorn 

antelope ranted from yearlings to three-year olds. Sex was not 

considered relative, in either species, in this study. All specin1ens 

appeared to be in good health. 

Shortly after death , each portion of the gastrointestinal 

tract was measured, then cut into four 2 x 4 cm. rectangular sections. 

Sections were washed in a physiologi cal irrigating solution and 

placed in low jars containing 100 ml of FAA (40�� formalin - 7 ml J 

glacial acetic acid - 3 ml, 70% ethyl alcohol - 90 ml) . To insure 

complete fi x2.tion , tissue re.,rnai"1.ed in FAA 48 hours be.fore further 

processing ·•;re.s continued . A sharn razor was e:nuloved to mini.m z e  • • <I 

ti ssLe traurna and/ or ccr.1pressicn . 
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Histological Technique 

Enbedding 

Following fixation, tissues were tri.."Ililled to expose a cross­

section surface. Tissues were transferred to a vial of 70% ethyl 

alcohol for washing. Procedures for washing, dehydration, clearing, 

infiltration and embedding tissues are summarized in Table 3 . 

Tissues were embedded in paraffin immediately after paraffin 

bath II . Paraffin blocks were placed in an ice water bath to harden, 

then refrigerat ed until ready for sectioning . 

Sectionin� and Mounting 

Paraffin blocks containing tissue were trimmed, with a razor , 

to the desired shape . Blocks were placed on a Spencer 820 microtome. 1 

Tissues were cut 11 microns thick in ribbon form . Each ribbon was 

labelled and refrigerated until mounting .  

Ti ssue MountinF; 

Ribbons were cut from each block , with one to five sections 

per ribbon . Each section was placed in a water· bath at 38 ° - 41°G .  

A drop of lfayer ' s al.burner. mounting medhun (fresh egg white - 50 ml, 

glycerine - 50 ml and sodium salicylate - 1 gm) was placed on pre­

cleaned rnicroscopi c  slides ( 25 x 75 mm) , then the excess was wiped off . 

ls 1 C ,ciny • uf1"a-1.· o N�.:,: York. pencer , ens or:,p<- t , -' , 
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Table 3 .  Procedure for preparing gastrointestinal tissue 
for sectioning . 

Procedure 

Washing 

Dehydrating 

Dehydrating 

Dehydrating 

Clearing 

Clearing 

Infiltrat i ng 

Infiltrating 

Infiltrating 

Embed tissue in 
· storage box 

Time 

24-72 hours 

60 minutes 

60 minutes 

30 minut es 

30 minutes 

30 minutes 

30 minutes 

120 minutes 

120 minutes 

Chemical 

70% ethyl alcohol 

80% ethyl alcohol 

90% ethyl alcohol 

Absolute ethyl alcohol 

Absolute ethyl alcohol 
and xylol ( 1 : 1  ratio) 

Xylol 

½ xylol and ½ paraffin 
(melted paraffin) 

Paraffin bath I 

Paraffin bath II 



Slides were dipped in a water bath to facilitate placement of 

tissue sections , then placed on a drying plate and allowed to dry 
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at room tE.mperature for 24 hours. Slides were stained in accordance 

with Tables 4 and 5 .  

Four slides were pr�pared from each of eleven portions of the 

gastrointestinal tract of both species. Two of these four slides 

were selected at random and duplicate measurements were recorded in 

millimeters (mm) from areas listed below. An A-0 Spencer Ortho­

Illuminator , an A-0 Spencer microscope, and a Bausch and Lomb micro­

meter were employed in slide analysis and measurement. 

Esophagus - thickness of stratified squ&'1lous epithelium 

Rumen - thickness of mucosa and width of villi 

Reticulum - thickness of stratum cornetun and stratified 
squa�ous epithelium 

Onasum 

A bomasu,lJl 

Duodenum 

J ejunum 

Ileum 

CaecUi:1 

Colon 

Hectu:c1 

- thickness of stratum corneum and stratified 
squamous epithelium 

- thickness of mucosa 

- thickness of mucosa 

- thickness of mucosa 

thi ck1ess of mucosa 

- thickness of mucosa 

- thickness  of mucosa 

- thickness of mucosa 
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Table 4 .  Staining procedures in preparing gastrointestinal slides . 

Solution 

Xylol I 
Xylol II  

Absolute ethyl 
alcohol 

90% ethyl alcohol 

80% ethyl alcohol 

70% ethyl alcohol 
Distilled water 
Harris Hemato.xylin 

Distilled water 
50% acid alcohol 
Tap water 

Distilled water 
70% ethyl alcohol 
80% ethyl alcohol 
Erythrosin B counter-

stain 
' 90% ethyl alcohol 

Absolute ethyl 
alcohol 

Xylol II  
Mount cover slip 

(Cana.da . Balsa.m) 

Time 

3-5 minutes 
60 seconds 

60 seconds 

60 seconds 

60 seconds 

60 seconds 
60 seconds 

3-25 minutes 

5-6 seconds 
To effect 
To effect 

60 seconds 
60 seconds 
60 seconds 

3-5  seconds 

60 seconds 

60 seconds 
60 seconds 

Effect 

Dissolve paraffin 
Dissolve remaining 

paraffin 
Remove J<;Ylol 

Remove zylol -
hydration begins 

Hydration - remove 
)cy"lol 

Hydration 
Remove alcohol 
Stain nucli and cell 

membranes 
Wash excess stain 
Remove stain 
Turn tissue -

bluish-copper 
Prepare to dehydrate 
Dehydration 
Dehydration 
Cytoplasmic stain 

Dehydrate and remove 
excessive counter­
stain 

Dehydration complete 
Remove alcohol 



Table 5 .  Stains and reagents used in staining gastrointestinal 
slides . 

Harris Hematoxylin 

Hematoxylin 
Absolute ethyl_ alcohol 
Ammonium alum 
Distilled water 
Mercuric oxide 

Erythrosin B 

Distilled water 
Er;throsin B 

Acid Alcohol 

50% absolut e ethyl alcohol 
Concentrated HCL 

0 . 5  gm 
5 . 0  ml 

10 . 0  gm 
95. 0 ml 
0 . 25 gm 

100 . 0  ml 
1. 0 gm 

100 . 0  ml 
4-6 drops 

22 



23 

Comparisons of gastrointestinal mucosa at varying sites of 

the alimentary canal of antelope and sheep presented an opportunity 

to discover histologic differences . r.rhese areas remain more constant 

in size in relation to the age of the two species , whi ch i s  important 

because of the variation of age in the pronghorn antelope .  

Photography 

Photography was accomplished by utilizing a Leitz Ortholux 

81164 microcamera equipped ·with an automatic Leitz 3 5mm Orthomat 

microcamera .2 Fine grain color film3 was used in microphotography . 

2E .  Leit �� , Inc . ; /-t68 Pa.rk Avenue , South ; Ne1-r York , 16 , New York . 

3Kocl ' c - l " ·· · v .  CY 1'"' 5 20 ,� AHA 80 DIN 20 : Eastm2.n Kod.a.k Co . ,  
;:i \) ...,_ ,,.J .( - .. n. , _. �  ) ., 

Roc'ne ete...... ' T� ·. , y --- :r•:( t. .. V l. ' 1 l._. , i  - '-,.· "" • 
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RESULTS AND DISCUSSION 

Figures 1 and 2 show the differences in the mus cular . thick­

ness  between two particular pronghorn antelope due to age differences . 

The reason for selecting the areas studied was that the mucosal 

lining varied in thickness  to a lesser degree than any other layer 

of the gastrointestinal tract . Therefore, the results of age differ­

ences within an:i.mals of the same species, as  well as between species 

would be less signifi cant . In addition, this histologic and anatomic 

study would be useful to combine the physiological and biochemi cal 

information now available on the sheep and to correlat e it with the 

information obtained from this study on the pronghorn antelope . 

Throughout the discussion, the gastrointestinal tracts will 

be classed as  a single unit . When a difference between species 

arises it will be  discussed separately . 

Esonha us 

to the 

Sections of the esophagus were  obtained 15 - 18 cm . ant eriorly 

inc-reticular orifice . 

The mucous me:nbrane r1as lined with strat_ified squamous 

epithelium •,;} i ch res t ed upon a fairly thick la:nina propria consisti g 

of loosB areol c.r ti s s 11 e  and elastic fib ..,rs . In both sh€ ep an ... pror.g­

horn antelope th e cpi th elitrn appec1.red cornified at it s surfa. ce ) ·  

Figure 3 . 
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The muscular:i.s mucosa appeared as isolated bundles  in this 

region of the esophagus. An outstanding feature of the muscularis 

muc.osa, found only in the esophagus, was that it was thi cker than 

any other portion of the gastrointestinal tract, and also , th e fibers 

ran only longitudinally. 

The submucosa consisted of dense areolar tissue �rhich contained 

blood vessels and nerves . 

The tunica muscu1aris was composed of two striated muscle 

layers, an inner circular and outer longitudinal layer, which were 

obliquely arranged . This arrangement made it difficult to identify 

each layer . 

Rumen 

The rumen, largest of the four compartment s, w�s partially 

subdi vided inter ally by ridges and externally by grooves. The apex 

of the ridges were comparatively free from papilla . The lining was 

raised into vi sible papillae between ridges . Longitudinal external 

_ grooves divi ded th e rumen into dorsal and ventral areas. The 

ventral portion was th e more posterior. Coronary grooves, arising 

from the post ed or  end of the longitudinal groqvcs dorsally and 

ventrally , ct ·: vid ,A the dorsal and ventral rumen into posterior 

blind sacs on bo·�h right and left sides . The right dorsal coronary 

groove was less  a.ppart:nt thc.n the l eft . Sai:iples  were obtained frcm 
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The mucous me brane consisted of two superficial strata , 

an outer stratum corneum and an inner stratum grai"1.ulosum , Figure 4. 

Immediately beneath the mucosa, in the lamina propria, a connective 

tissue band , which appeared to be the muscularis mucosa, ¼'as observed . 

This band , however, was part of the larnina propria. The larnina 

propria and the submucosa appeared,_ to be the same layer. Between 

the submucosa and the tunica muscularis , Meissner ' s pleA'Uses were 

observed throughout all portions of the stomach . 

The tunica muscularis was composed of two perpendicular layers, 

an inner circular and outer longitudinal layer. Auerbach • s  plexuses 

occurred frequently in this area, Figure 5 .  The serosa was a coat 

of areolar tissue containing blood vessels and adipose tissue.  

Reticulum 

The reticulum, most anterior compartment of the stcmach, was 

separated externally frorr the rumen by the 1-umino-reticular groove 

and int ernally by the rwPino-reticular orifice. Ventral to the 

-mino-reti cular orifi�e the rumino-reticular fold also separated 

en from reticulum. The reticulum was oval in shape , with the long 

s running dorso-- v cntrally . Sections were acquired from th e mid­

left lateral po J.�tion  of the reticuhm . 

The reticul2.t ed pz.tt ern of the mucous me:nbrane was cha.rac-­

terized by a. five to six-• sided network of vertical ridges . Ridges 

• 4- t . ... .  , 
a d t e sps.ces b ::-:t:.1° 2:--1 th c ,L '.;:ere covered  wit h s v.ra 1 1.  J.. €,J. cquc...rnous 
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granulosum, Figures  6 and ?. Macroscopic pa_pillary structures were 

observed covering the entire internal surface of the reticulum. 

A muscularis mucosa was present in larger ridges and appeared 

to run parallel with the long axi s, while the lamj_na propria and 

submucosa were in close pro.xirni ty to one another. The two muscular 

layers were at right angles  to one another and backed by serosa. 

Oma.sum 

The omasum was the smallest stomach compartment. Ingesta 

enters the omasum from the rcticulo-omasal orifice, and leaves via 

the omaso-abomasal orifice. Between these two openings was a groove, 

the sulcus omasi. Samples were obtained from the mid-left lat eral 

portion of the omas�� . 

The omasum possessed a large number of leaves , la.'llinae omasi, 

_extending from dorsal and lateral areas , and occupied a large 

percentage of the lumen surface . Macroscopic horny papillae covered 

the entire surface of the leaves. 

The entire omasum wan covered with cornified stratified 

squamous epithelium . Each omasal leaf contained a centrally located 

area of smooth muscle . 'rhis  muscle ., part of the inner circular 

muscle layer, eY.hibitcd ;_ong fibers in cross section . A muscle layer ., 

cut transversely , wa s observed between mucosa 2.nd centred muscle 

ar9a in ea.ch leaf ., This  was the IT.'t! scula is mucosa � An outer longi-

tudinal ra�J.s cu l2r tu �: i c a.?!d s--? ..... 0 3 ?..  1·: 2 r 2  2.lso present . 
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Abomasum 

The abomasu , last compartment of the stomach, is often 

referred to as the true or glandular stomach. It was divided into 

two main areas, fundic and pyloric. Tissues were taken 5 - 7 cm . from 

the omaso-abomasal orifice in the fundic region . The fundic region 

consist ed of spiral folds or rugae, whereas , the pyloric region was 

relatively smooth . 

The abomasum, lined with simple columnar epithelium, was 

backed by a sparsely supported connective tissue framework con­

taining fundic glands , Figure 8 .  Mucosal arrangement was charac­

t erized by gastric furrows and gastric pits, Figure 9.  A muscularis 

mucosa was observed to contain two perpendicular muscular layers, 

· an inner circular and outer longitudinal layer . The submucosa 

consisted of  connective tissue, adipose tissue, and elastic fibers 

which contained blood vessels and nerve plexuses . The muscular tunic 

had two complete layers, an inner circular , and outer longitudinal 

layer .  The circular layer was by far the thickest. Also observed 

was what appeared to be a third oblique muscular tunic. This tunic 

was thin and located between submticosa and the circular muscle layer. 

Small Int estine 

The small intestine extended from the pyloric portion of the 

abomasl1m to the ileo-caccal junction. The small inte stine varied in 

length between species . In the sheep it averaged 82 feet , whereas, 

in  prongh orn antelope it averaged 52 feet . 
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The inner surface was marked with circular folds that pro­

j ected into the lumen throughout the small int.estine . These are 

called plicae circu1aris . Microscopically, each plica appeared to 

consist of a proj ection of the mucosa and submucosa. 

The mucosa of the small intestine consisted of microscopic 

villi, which were composed of la.rn:lna propria and · simple columnar 

epithelium . Villi occurred in all parts of the small intestine and 

were its most characteristic feature, Figure ·10 . 

Intestinal glands or crypts of Lieberkuhn were a common 

occurrence at the base of the villi and throughout the intestinal 

tract . These crypts were lined with columnar epithelium resembling 

that which covered the villi . 

Lymphoid tissue "�as observed throughout the mucosa of the 

small intestine . Aggregated lymph nodules, Peyer ' s  patches, were 

common in the ileal mucosa , Figure 11. The muscularis mucosa 

contained two thin smooth muscle layers, circular and longitudinal .  

The intestinal wall submucosa vari ed in the duodenum, jejunum, 

and ileum . Brunner ' s  glands were in the duodenal submucosa . 

Apparently sheep and pronghorn antelope differed in this area . It 

appeared that the Brunner ' s glands were larger in the sheep than in 

the pronghorn ant elope, Figures 12 and 13 . Hans (19Li-7) cor.ipared the 

duodenal glands of dom.esti_c animals and found those in the sheep among 

the largest of the domestic- aninals .. LyJnph nodules were also found in 

the submucosa of the ileum . Th�se nodules were �arge enough to be 
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visible macroscopically . With the exception of solitary lymph 

nodules, which appeared throughout the small intestine , t he j ej unum 

was free of gland_s . The submucosa , in both species , contained blood 

vessels and Meissner ' s  plexuses in proportionate numbers . 

An inner circular and outer longitudinal layer of smooth 

muscle characterized the tunica muscularis . Between these layers 

Auerbach ' s  plexuses  were frequently observed . 

The serosa was the outer layer of the stomach, small, and 

large intestine . 

Tissue smnples  from the intestine were taken from the following 

locations : the duodenum, 12 inches from the pyloric junction; the 

j ejunum, 4 feet from the pyloric j unction and the ilewn, 4 feet from 

the ilea-caecal j unction. 

Large Intestine 

The epithelium was simple columnar, and the la.im.na propria 

contained numerous crypts of Lieberkuhn . Solitary lymph nodul es  

were obs erved throughout the large intestine. 1'he muscularis 

muco_sa was composed of an inner circular and outer longitudinal 

layer, as in  the small intestine • 

.No glands were present in the submucosa. A species  difference 

was evident in submucosal cae cal fat. There appeared to  be more 

caecal fat in the pronghorn ·  antelope than in the sheep, Figures 

ll� and 15 . In the colon the sc1.t:nucos2.l fat was sin:tllar between 

speci es . 
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Gross measurements lso showed species differences , Tables 

6 and 7 .  The sheep caecum averaged 12 inches in length , whereas , 

the pronghorn antelope caecum averaged 18 inches in length .  The 

colon of the sheep and pronghorn antelope averaged 16 feet , and 20 

and a half feet respectively. 

The tunica muscularis was Arranged in two perpendicular layers , 

as in the small intestine . · The serosa contained large deposits of 

adipose tissue, especially in the rectum . 

'!'issue samples of the caecum were obtained 8 inches from the 

ileo-caecal junction ; the colon ,  3 feet from the ileo-caecal j unction; 

and of the rectum , 2 inches from the anus . 



Figure 1. Photomicrographic cross section through 
the inner circular muscle layer of the 
pronghorn antelope rumen, approximately 
two years old : Stain H&Ery. B ,  X 100 . 

Figure 2 .  Photomicrographic cross section through the 
inner circular muscle layer of the prong­
horn antelope rumen, approximately one year 
old : Stain H&Ery . B , X 100 • .  

32  
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Figure 1 

Fi6urc 2 



Figure 3. Photomicrographic cross section through 
the esophagus mucosa of the sheep : 
Stain H&Ery. B, X 100. 

Note  stratified squamous epithelium with 
cor·nified and partly desquamated cells ; 
papillary bodies of mucosa proj ecting 
into the lamina propria. 

Figure 4 .  Photomicrographic cross section through 
the rumen mucosal layer of the sheep : 
Stain H&Ery. B, X 400. 

Note stratum corneum ; stratum granulostm1 
and stratifi ed squa�ous epithelium ; also 
lymphocytes. 
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Figure 3 

Figure Li 



Figure 5 .  Photomicrographic cross s ection through 
the tunica mus cularis of the sheep rumen : 
Stain H&Ery . B ,  X 100 . 

Note inner circular muscle layer , above ; 
Auerbac� ' s  plexus , middle ;  an outer 
longitudinal muscle layer, below. 

Figure 6 .  Photomicrographic longitudinal section 
through the reticulum of the sheep : 
Stain H&Ery . B ,  X 100 . 

Note stratum corneum , stratum granulosum ,  
and stratified squamous epithelium; 
lamina propria ;  inner circular muscl e .  

36  
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Figure 5 

Figure 6 



Figure ? .  Photomicrographic cross section through 
the reticulum mucosal layer of the she ep :  
Stain H&Ery. B, X 400 . 

-
Note stratum corneum, stratum granulosmn and 
stratified squamous epithelium; portion of 
the lamina propria and lymphocytes . 

Figure 8 .  Photomicrographic cross section through 
the abomasum mucosal layer of the sheep : 
Stain H&Ery . B, X 400 . 

Note glands, lamina propria background, 
parietal cells of glands and lymphocytes .  

38  
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Figure 7 

Figure 8 



Figure 9. Photomicrographic cross section through 
the abomasum mucosal layer of the sheep : 
Stain H&Ery. B, X 100. 

Note simple columnar epithelium; gastric 
pits a_nd gastric furrows ; lamina propria and 
numerous lymphocytes. 

Figure 10. Photomicrographic cross section through 
the ileum of the sheep : Sta.in H&Ery. B , 
X 100. 

Note long villi covered with simple 
columnar epithelium ; lamina propria ; 
glands of Lieberkuhn ; lymphocytes ; 
rouscularis mucosa ; blood vessels in 
submucosa ; portion of inner circular 
muscle. 

40 
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Figure 9 

Figure 10 



Figure 11 . Photomicrographic cross sectiori through 
the ileum of the sheep : Stain H&Ery . B, 
X 100. 

Note villi covered with simpl e  columnar 
epith�lium; lamina propria; lymph nodule 
and portions of other lymph nodules 

Figure 12. Photomicrographic cross section through 
the duodenum of the sheep : Stain H&Ery. B,  
X 100. 

Note size of Brunner ' s  glands as compared 
to Figure 13 . 

42 
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Figure 11 

· Figure 1 2  



Figure 13 . Photomicrographic cross section through 
the duodenum of the pronghorn antelope : 
Stain H&Ery . B, X 100 . 

Note size of Brunner ' s  glands as compared 
to Figure 12 . 

Figure 14 . Photomicrographic cross section through 
the caecum of the pronghorn antelope : 
Stain H&Ery . B ,  X 100. 

Note amount of submucosal adipose tissue 
as compared to Figure 15 ; also muscularis  
mucosa. 
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Figure 13 

· Fieurc lh 



Figure 15 . Photomicrographic cross section through 
the caecum of the sheep : Stain H&Ery . B , 
X 100 . 

Note lack of submucosal adipose  tissue 
as .compared to Figure 14 ; also inner 
circular and outer longitudinal muscle  
layer of  muscularis mucosa . 
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Figure 15 



Table 6 .  Minimum, maximum and mean tptal thickness measurements of 
sheep and pronghorn antelope . 

Area Sheep Antelope 
(mm) (mm) 

M:in. Max. Mean ¥un. Max. Mean 

Esophagus 2 . 390 4 . 064 3 . 148 2 .0 57 4 . 064 2 . 810 

Rumen 1 . 905  3 . 5 56 2 . 936 1 . 049 2 . 134 1 .662 

Reticulum 2 . 088 4 . 699 3 .465  1 . 228 3 . 117 2 . 120 

Omasum 0 . 110 0 .632 0 . 470 0 . 251 0 .683 0 . 1+61 

Abomasu.i"'Il. 2 . 083 3 . 454 2 .624 1 .219 3 .023 2 . 171 

Duodenum 1 . 387 2 . 845 2 . 169 0 . 809 2 . 223 1 .668 

J ejunum 1 .051 2 .616 2 .039 o .698 1 . 549 1 . 047 

Ileum 1 . 9 56 3 . 175 2 . 394 0 .9 5 5  2 . 286 1 . 591 

Caecu.i'n 0 . 858 1 . 590 1 .324 0 . 744 1 . 193 0 .983 

Colon l . lh3 2 . 159 1 .666 0 . 604 0 . 930 0 . 723 

Recti.un 1 . 778 3 . 937 2 . 852 3 . 734 5 .652 4 - 571 



Table 6. Minimum , maximum and mean tptal thickness  measurements of 
sheep and pronghorn antelope . 

Area Sheep Antelope 
(mm) (mm) 

M:in . Hax. Mean ¥dn. Max. Mean 

Esophagus 2.390 4 .064 3 . 148 2 . 057 4 .064 2 . 810 

Rumen 1 .905  3. 5 56 2 . 936 1 . 049 2 . 134 1. 662 

Reticulum 2.088 4 . 699 3 . 465 1 . 228 3 . 117 2 .120 

Oma.sum 0 . 110 0 . 632 0 . 470 0 . 251 o . 683 0 . /4-61 

Abomasum 2.083 3 . 454 2 . 624 1 . 219 3.023 2 . 171 

Duodem1Jn 1 . 387 2. 845 2 . 169 0 . 809 2 . 223 1 . 668 

Jejunum 1 . 051 2 . 616 2 .039 o . 698 1 . 549 1 .047 

Ileum 1 .956  3 .175 2 .394 0 . 9 55  2 . 286 1 . 591 

CaeC'tun 0 . 858 1 . 590 1 .324 0 . 744 1 . 193 0 .983 

Colon 1 . 1/+3 2 . 159 1 . 666 0 . 604 0 . 930 0 . 723 

Rectum 1 .778 3 . 937 2 . 852 3 . 734 5 . 652 4 - 571 



Table 7 .  Minimum , maximum and mean mucosa and villi measurements of 
sheep and pronghorn antelope. 

Area Sheep Antelope 
(mm) (rmn) 

Min . Max. Mean Min .  Max. Mean 

Esophagus 0 . 288 0 . 5 58 0 . 438 0 .3 26 0 .628 0 . 48 5  

Rumen villi 0 . 291 0 . 769 0 . 3 56 0 . 233 0 . 53 5  0 . 439 

Ru."Tlen mucosa 0 .078 0 . 126 0 . 108 0 .082 0 . 115 0 .096 

Reticulum 0 .073 0 . 134 0 . 106 0 .061 0 . 140 0 .097 

Omasum 0 .077 0 . 158 0 . 096 0 .077 0 . 149 0 . 100 

Abomasum 0 .603 1 .004 0 . 776 0 . 541 1 .397 0 . 903 

Duodem.im 0 .628 1 . 107 0 . 834 0 . 212 0 . 920 0 . 612 

Jejunum 0 .628 1 . 765  1 . 202 0 . 419 1 . 117 0 . 726 

Ileum 0 .628 1 .676 0 . 937 0 .391 0 . 884 0 .672 

Caecum 0 . 391 0 . 877 0 . 562 0 .326 0 . 581 0 . 408 

Colon 0 . 5 58 0 . 837  0 . 705  0 .331 0 . 586 0 .395  

Rectum 0 .372 o .697 0 . 510 0 .338 0 . 791 0 . 526 
'° 
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SUMMARY 

Biologic as well as statistically significant differences 

were noted b etween gastrointestinal tracts of sheep and pronghorn 

antel9pe . However, gross and histologic observations of the 

alilr.entary canal in both species produced essentially similar sets 

of overall criteria for identification of specific  gastrointestinal 

areas .  Shape and size of villi, as well as the appearance of 

mucosal surfaces throughout the tract, provided excellent identi­

fication criteria for localizing tissue samples from both species. 

Therefore, with but few exceptions, it would appear valid to base 

diagnosis  of gastrointestinal pathology in pronghorn antelope and 

closely related wild ruminants on the f?aJTie histopathologi c criteria 

as used in domestic species . This assumption can only be proven, 

however , by additional morphologic studies in wild :n.uninants , with 

emphasis on comparative pathologic studies with domestic species . 

Hans ( 1 947 ) noted differing luminal diaiueters in duodenal 

glands between species. He emphasized the importance of establishing 

species " normals u  before differential diagnosis of pathology is based 

on · appearanc e  of these glands in duodenal tiss.1e sections. Data 

obtained in this investigation indicated the size of duodenal glands 

was one of the more s triking biologic differences noted b etween 

species  studied e It was not ed that duodenal glands in sheep were 

invariably larger ar1d aI=lp2_rsntly present in much larger numbers than 

in the ant elo?e. 
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Data published by Doza ( 1965 ) ,  showing remarkable uniformity 

in length of rmnen villi in sheep, was supported by data observations 

in this study in both species as was the presence of occasional 

lymphoid nodules in jejunum as reported by Sisson and Grossman ( 1953 ) 

for sheep. It was also noted that parietal cells , characteristi c  

in size and shape ·to  those described i n  other mammalian species , were 

numerous in the abomasu.m of both species. 

Presence of submucosal fat was found to  be a valuable criteria 

for 'identifi cation of two gastrointestinal areas in both sheep and 

antelope. It was found in approximately equal amounts in  the colon 

of both species but in much larger amounts in the caecum of antelope , 

Figure 14. 

As noted previously, the mucosal surface of the gastrointestinal 

tract was chosen for making specific measurements in comparing species 

studied. After maturity, this layer is affected less than other 

related areas by such variables as sex, age and weight • . 

Analysis of variance showed highly significant ( P < . 01 ) 

mucosal differences between species in the colon. Highly sigP.ifi­

cant ( P < . 01 ) differences were observed in total thickness between 

species in r eti culum , j ejunum, ileu.rn, colon and. recttun . 

Signifi cant ( P < .05)  mucosal  differenc es between species were 

obs erved i n  duode:111!'.1, jejunum. and caecum. The rumen 2nd caecum were 

significant ( P < . 0 5 ) in total thickness . Tables SlllTu'Il&ri zing analyses 

of varia�1ce  d __ ta neasuremunt s beb,een specie.s a-e lis t ed in tables 

8 30 . 
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An IBM model 1620 computer was employed in statistical analysis . 

Raw data obtained from mucosa, villi and total thickness measurements 

are listed in Tables 31 - 42. Raw data sumrnarizing the maximum, 

minimum and mean measurements containing these values for sheep and 

pronghorn antelope are cited in Tables 6 - ? .  
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CONCLUSIONS 

The gastrointestinal tract of domestic sheep and pronghorn 

antelope were compared by gross and microscopic observations and by 

statistical analysis of measurements taken from 11 specific areas 

along the alimentary canal of both species. Tissues were sectioned 

from the following gastrointestinal areas in both species: esophagus, 

rumen , reticulum, omasum, abomasurn, duodenum, jejunum, ileum, caecum, 

colon and rectUt�. Data were obtained from four slides prepared from 

.each of eleven areas listed in all six specimens. 

An IBM model 1620 computer was employed for statistical 

analysis of measurement data . Raw data punched on IBM cards for 

computer use included duplicate measurements, in millimeters (mm. ), 

from specific mucosal surfaces in two of  the four prepared slides 

from each segment in both sheep and antelope. An additional measure­

ment of villi ·width in the rumen was also included. 

In addition to specific mucosal measura�ents, detailed 

histologic observations were recorded that described the overall 

·microscopic �Jiatomy of each gastrointestinal area studied. 

photomicrographs were taken to record visual observations. 

Jumerous 

Analyses of variance was the statisti cal method used to 

interpret all final data. Hig 1ly significant differences bet11een 

species were noted in mucosal thickness in the colon of sheep, also , 

highly significant differences in total thickness �,-;·ere no ved in the 



reticulum , jejunu.�, ileum and colon of sheep . Highly significant 

differences between speci es appeared in the rectum of antelope . 

54 

Significant differences between species were noted in mucosal 

thickness in the duodenum , jejunmn and caecun of sheep , also, 

significant differences between species \-:ere noted in total thickness 

in the rumen and caecum of the sheep. 

Differences noted between animals within species and between 

slide s  within animals are statistically but not biologically 

significant. They result from variations within individual tissue 

segments measured. 

Tables six through thirty summarize .statisti cal data. 
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Table 8 �  Analysis of variance showing gastrointestinal differences 
between esophagus mucosal layers of sheep and pronghorn 
antelope .  

Sum Mean 
Esophagus d . f. Squares Squares H F II 

Total - 47 0.3 7200 0 . 00792 
Species 1 0 . 02623 0 .02623 0. 92 
Animals/Specie s 10 0. 28510 0.02851 34 . 86;�-�-
Slides/Animals/Species 12 0 . 00981 0 .00082 0.3 8  
Error 24 0 . 05086 0 .00219 

-�� . p < . 01 .  

·Table 9. Analysis of variance showing gastrointestinal differences 
between rumen mucosal layers of sheep and pronghorn 
antelope . 

Sun1 Mean 
Ru.,1I1en mucosa d.f.  Squares Squares fl f l l  

Total 47 0 . 00817 0 . 00017 
Species 1 0. 00183 0 .. 00184 4 . 67 
Animals/Species 10 0 . 00393 0. 00039 4 .  58�-n-

Slides/Animals/Species  12 0 .00103 . 0. 00009 1 . 49 
Error 24 0. 0013 7 0 . 00005 

-�-�- p � . 01 .  
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Table 10. Analysis of variance sho dng villi width differences in 
the ru..�en of sheep and pronghorn ant elope . 

Su.rn Mean 
Rumen villi d . f .  Squares Squares " F" 

Total 47 o.68395  0. 01455 
Species - 1 0. 08308 0.08308 1 . 56 
Animals/Species 10 0. 53017 0. 05302 41 . 18-!Hl-
Slides/Animals/Species 12 0. 01545 0. 00129 0 . 55 
Error 24 0. 05529 0 . 00230 

�-'k p < . 01 .  

Table 11 . Analysis of variance showing gastrointestinal differences 
between reticulum mucosal layers of sheep and pronghorn 
antelope. 

Sum Mean 
Reticulunt d.f. Squares Squares " F" 

Total 47 0 . 01709 0. 00039 
Species 1 0. 00079 0 .00079 1 . 11 
Animals/Speci es 10 0 . 00710 0.00071 3 . 25�-
Slides/Ani.�als/Species 12 0. 00262 0. 00022 0. 79 
Error 24 0. 00659 0. 00027 

-�- P < . 05 . 
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Table 12. Analysi s of variance showing gastrointestinal differ ences  
between omasu.i� mucosal layers o.f sheep and pronghorn 
antelope. 

Sum Mean 
Omasum d .f. Squares Squares "F" 

Total -47 0 .01668 0 .0003 5 
Species  1 0.00021 0.00021 0. 25 
Animals/Species 10 0 .00847 0. 00085 5 .  75-��-
Slides/AnL�als/Species 12 0.00177 0 .00015 0. 57 
Error 24 0.00624 0 .00026 

-�-!� p < . 01. 

Table 13 . Analysi s of variance showing gastrointestinal differences 
b etween abomasum mucosa.l layers of sheep and pronghorn . 
ant elop e .  

Sum Mean 
Abomasum d . f . Squa1 es Squares " F" 

Total 47 2. 22799 0.04740 
Species  1 0. 19291 0 . 19291  0. 98 
Anmal s/Speci es 10 1. 96781 0. 19678 290. 06-�-�-
Slides/Anim� ls/Species 12 0. 00811-4, . 0 . 00068 0 .. 28 
Error 24. 0.05913 0. 00246 

-�-�- p < . 01 . 



61 

Table 14. Analysis of variance sho1-tlng gastrointestinal differences · 
between duodenum mucosal layers of sheep and pronghorn 
antelope. 

Duodem.1Jn d . f . 

Total _47 
Soecies 1 
Aiiimals/Species 10 
Slides/Animals/Species 12 
Error 2h 

* p < .os . 
--�-�- p < . 01 .  

Sum 
Squares 

1. 84.928 
0. 59 563 
1. 12663 
0.023 52 
0. 10348 

Mean 
Squares 

0. 03934 
o .  59563 
0. 11266 
0. 00195 
0 .00432 

5 . 29* 
57 . 49.:.H} 
0.45 

Table 15.  Analysis of variance showing gastrointestinal di.fferences 
between jejunum mucosal layers of sheep and pronghorn 
antelope. 

Sum Mean 
Jejunum d . f .  Squares Squares "Fn 

Total 47 6. 78211 l. l�4300 
Species  1 2. 71748 2 . 71748 7 . 12"h-
Animals/Species  10 3. 81736 0 .38174 259 . 71-�-� 
Slides/Animals/Species 12 0 . 01764 0. 00147 0 . 15 
Error 2Lt 0 . 22964 0. 009 57 

�- P < . 05 . 
-�-�- p < . 01 . 
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Table 16 . Analysis of variance showj_ng gastroint estinal differences 
between ileum mucosal layers sheep and pronghorn antelope .  

Ileum d. f .  

Total 47 
Species ·- 1 
Animals/0pecies 10 
Slides/Animals/Species 12 
Error 24 

-,"�(- p < . 01 .  

Sum 
Squares 

3 . 49591 
0 . 84748 
2 .  50229 
0 . 07143 
0. 07474 

Mean 
Squares  

0. 07438 
0 . 84748 
0. 25023 
0 .00595 
0 . 00311 

"F"  

3.39 
42. 05�h�· 

1 .91 

Table 17. Analysis of variance showing gastrointestinal differences 
between caecmn mucosal layers of sheep and pronghorn 
antelope . 

Caecum 

Total 
Speci . es 
Animals/Species  
Slides/Animals/Species  
Error 

�- P < . 0 5 . 
-�-� P < . 01 . 

d. f .  

47 
1 

10 
12 
24 

Sum 
Squares 

0. 71760 
0 . 28459 
0. 39257 
0. 01226 
0. 02818 

Mean 
Squares 

0.015268 
0. 284592 
0. 039257 
0 . 001022 
0. 001171... 

7 . 25* 
38  . 43-�-�-

0 . 87 
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Table 18 . Analysis of variance showing gastrointestinal differences 
between colon mucosal layers of sheep and pronghorn 
antelope .  

Colon d.f .  

Total - 47 
Species 1 
Animals/Species 10 
Slides/Animals/Species 12 
Error 24 

-��- p < . 01 .  

Sum 
Squares 

1 . 38222 
1 . 14886 
0 . 13318 
0 . 03389 
0 .06629 

Mean 
Squares 

0 .02940 
1 . 14886 
0 . 01332 
0 .00282 
0. 00276 

" F" 

86. 25�� 
4. 72�H� 
1 . 02 

Table 19. Analysis of variance shmdng gastrointestinal differences · 
bet.-reen rectum mucosal layers of sheep and pro:nghorn 
antelope. 

Sum Mean 
R e ctum d . f .  Squares Square s  "F"  

Total 47 0 .49976 0. 01063 
Species 1 0 .00317 0. 0003 2 0 . 07 
Animals/Speci es 10 0. 40306 0 . 04031 21. 46-':ri. 
Slides/Animals/Species 12 0. 02258 O c 00188 0 . 64 
Error 24 0. 07096 0.00296 

�-�- p <. . 01 .  
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Table 20. Analysis of variance showing gastrointestinal differences 
between total esophagus thickness of sheep and pronghorn 
antelope. 

Esophagus d .f .  

Total _23 
Species 1 
Animals/Species 10 
Error 12 

�-� p < . 01 .  

Sum 
Squares 

9 . 20366 
0 . 68580 
8.35643 
0 . 16143 

Mean 
Squares 

0 . 40015 
0 . 68580 
0 . 83 56h 
0 .01345 

"F" 

0.82 
62 . 12-�-�-

Table 21. Analysis of variance showing gastrointestinal differences 
between total rumen thickness of sheep and pronghorn 
antelope. 

Sum Mean 
Rumen d. f .  Squares Square s " F" 

Total 23 16. 86488 o .  733 26 
Species  1 6 . 29248 6 . 292.48 7 .04--:.-
Animals/Speci es 10 8 . 93771 0 . 89377 6 .  56-�-�-
Error 12 1 . 63469 . 0. 13622 

-� P < . 05 . 
-�-� p < . 01. 
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Table 22 . Analysis . of  variance showing gastrointestinal differences 
between total reticulum thickness of sheep and pronghorn 
antelope . 

Sum Mean 
Reticulum d . f. Squares Squares " F" 

Total 23 23 . 08563 1 . 00372 
Species 1 10 . 84877 10. 84877 9 . 1+8·�-�-
Animals/Species 10 11. 44949 1. 1449h 17 . 45 -��% 
Error 12 0. 78736 0. 06561 

-�-� p < . 01. 

Table 23. Analysis of variance showing · gastrointestinal differences 
between total omasum thickness of sheep and pronghorn 
antelope . 

OmasuJn d. f .  

Total 23 
Spe cies 1 
Animals/Species 10 
Error 12 

Sum 
Squares 

0 . 45729 
0 . 00459 
0 . 21776 
0. 23908 

Mean 
Squares 

0. 01988 
0 . 00459 
0. 02178 
0. 01992 

" F I i  

0. 21 
1.09 
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Table 24. Analysis of variance showing gastrointestinal differences 
between total abomasum thickness of sheep and pronghorn 
antelope. 

Sum Mean 
Abornasum d .f .  Squares Squares "F" 

Total - 23 10. 11201 0 . 43965 
Species 1 1 . 22763 1 . 22763 1 .44 
Animals/Species 10 8 . 53618 0 . 85362 29 .42-�h� 
Error 12 0 . 34819 0. 02902 

�-* P < . OL 

Table 25 . Analysis of variance showing gastrointestinal differences 
between total duodenw"Tl thickness of sheep and pronghorn 
antelope . 

Duodenum d . f. 

Total 23 
Speci es 1 
Animals/Species 10 
Error 12 

-��� .. p < . 01 .  

Su.i11 
Squares 

7 . 49 523 
1 .  50500 
5 . 93813 
0 . 05210 

Mean 
Squares 

0. 32588 
1 . 50500 
o .  59381 
0. 00434 

" F" 

2. 53 
136. 77�-* 
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Table 26 . Analysis of variance showing gastrointestinal differences 
between total jejunum thickness of sheep and pronghorn 
antelope . 

J ejunum d. f. 

Total - 23 
Speci es 1 
A�imals/Species 10 
Error 12 

-�-�- p < . 01. 

Sum 
Squares 

9 . 84035 
5 . 90042 
3. 82135  
1 . 18577 

Mean 
Squares 

0. 1�2784 
5 . 90042 
0.38214 
0.00988 

"F" 

15 . 44�-;�-
38. 67-:r-:.- . 

Table 27. Analysis of variance showing gastrointestinal differences  
between total ileum thickness  of sheep and pronghorn 
antelope. 

· Ileum d . f. 

Total 23 
Soecies 1 
A�imals/Species 10 
Error 12 

V -,  p < . 01 .  -"-""' 

SuJn 
Squares 

7 . 67975  
3 . 87126 
3 . 69299 
0 . 11549 

Mean 
Squares 

0 .3390 
3 . 87126 
0 . 36929 
0 . 00962 

"F" 

10 , 48�-� 
38 . 37�-=�-
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Table 28. Analysis of variance showing gastrointestinal differences 
between total caecuJn thickness of sheep and pronghorn 
antelope . 

Caecum d .f. 

Total - 23 
Species  1 
Animals/Species 10 
Error 12 

-�t. P < . 05 . 
�-* · p < . 01. 

Sum 
Squares 

1 . 74049 
0. 69700 
1. 02827 
0 . 01522 

Mean 
Squares 

0. 07567 
0. 69700 
0 . 10283 
0 . 00127 

" Fn 

6. 78�� 
81 . 10�,F�-

Table 29 . Analysis of variance showing gastrointestinal differences 
between total colon thickness of sheep and pronghorn 
antelo:pe . 

Colon d.f .  

Total 23 
Soecies  1 
A;imals/Species 10 
Erro:- 12 

-�-;-.:- ? < . 01 . 

Sum 
Squares 

6. 52774 
5 . 33738 
1 . 09 592 
0 . 09444 

Me�71 
Squares 

0. 28381 
5. 33738 
0. 109 59 
0 . 00787 

U F I I  

48 . ?0-�� 
13 . 92';�-�-
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Table 30 . Ar1alysis of variance showing gastrointestinal differences 
between total rectu.rn thickness of sheep and pronghorn 
antelope . 

Rectum d � f .  

Total - 23 
Speci es 1 
Anin�als/Speci e s  10 
Error 12 

-�!-* p < . 01. 

Sum 
Square s  

26.98939 
17 . 72461 

9 .OL�839 
0.21639 

Mean 
Squares 

1 . 17345 
17 . 72461 
0 . 90484 
0.01803 

l l f l l 

19 . 59��· 

50 . is��!-�-



Table 3 1 .  R.aw data measurements of mucosa, villi and complete thickness between 
sh eep no . I .  

Complete Complete 
Sh ecE I Slide I Thi ckness Slide II Thickness 

"1 1:sopha�us 0 . 339 0 ,. 3 Li/.i. 2 . 56 5 0 . 327 0 .381 2 . 591 

Rumen villi 0 .  l+l/4- 0 . 413 2 . 944 o . 1.i-00 0 . 396 2 . 845 

Rumen mucosa 0 . 101� 0 . 110 0 . 113 0 . 126 

Reticulum 0 . 124 0 . 131+ 2 . 997 0 . 116 0 . 098 3 . 106 

Om�surn 0 . 128 0 . 090 0 . 632 0 . 15'3 0 . 081+, 0 . 558 

l\bomasum 0 . 603 0 . 604 2 . 083 0 . 604 0 . 598 2 .093 

uodenum 0 . 791 0 . 930 2 . 464 o .  732 0 . 921 2 . 477 

J ejumun 0 . 723 . 0 . 670 2 .093 0 . 744 0 . 628 1 . 974 

Ileum 0 . 674 0 . 628 3 . 175 0 . 744 0 . 8 56 3 .048 

Caecum 0 . 428 0 . 391 1 . 254 0 .450 0 . 459 1 . 204 

Colon 0 . 629 0 . 623 l . 1L�3 0 . 688 0 . 721 1 . 219 

Rectum 0 . '4,3 7  0 . 400 3 . 289 0 . 419 0 .405 .3  . 378 

· o 



Table 32 . Raw data measurements of mucos� , villi and complete thickness between 
sheep no. II. 

Complete Complete 
Sheen II Slide I Thickness Slide II  Thickness 

Esophagus o . 539 0 . 461 3 . 112 0 . 539 0 . 446 2 . 997 

lumen villi o .  577 0 . 3 60 3·. 518 o .  530 0 . 419 3. . 556 

Humen mucosa 0 . 083 0 . 078 0 .099 0 .098 

Heticu1urn 0 . 132 0 . 083 4 . 191 0 . 088 0 . 099 
! 

4 - 445 

Cmasum 0 . 084 0 . 079 0 . 586 0 . 081 0 .088 0 . 456 

Abomasum 0 . 716 0 . 679 2 . 134 0 . 725  0 . 698 2 . 108 

Duodenum 0 . 905 0 . 869 2 . 413 0 . 716 0 . 919 2 . 474 

Jejunum 1 . 575 1 . 397 2 . 453 1 . 6 51 1 . 3 21 2 . 391 

Ileum 0 . 878 0 . 907 2 . 388 0 . 781 0 . 8h9 2 . 096 

Caecum 0 . 613 0 . 577 1 . 574 0 . 530 0 . 59 5 1 . 549 

Colon 0 . 651 0 . 813 2 . 159 0 . 790 0 . 605  2 . 032  

Rectum 0 .372 0 . 586 2 . 286 0 . 1+46 0 . 567 . 2 . 413 

-..J 
f-' 



Table 33 . naw data measurements  of mu cosa., villi and complete thi ckness between 
sheep no . III . 

Complet e  Complet e 
[�hcen I I I  Slide I Thickness Slide II Thicxncss 

f�soprw.eus 0 . 34h 0 . 305  2 . 477 0 . 333 0 . 288 2 . 390 

Humen villi 0 . 341+ 0 . 362 2 . 896 0 . 419 0 . 344 2 . 946 

Humen mt� cos::1. 0 . 121 0 . 102 0 . 116 0 . 121 

Reticulum 0 . 110 0 . 099 J . 429 0 . 105 0 . 112 3 . 480 

Ornasum 0 . 077 0 .08/+ 0 . 461 0 . 08h 0 . 088 0 . 110 

Abomasum 0 . 700 0 . 733 2 . Li.03 0 . 74h 0 . 672 2 . 413 

Duodenum o . 723 0 . 837 1 . 422 0 . 741+ 0 . 770 1 . 506 

Jejunum 0 . Bl�.9 0. 838 1 .051 0 . 803 0 . 827 1 . 173 

Ileum 0 .  61+5 o. 730 2 . 126 0 . 691 0 . 625 2 . 159 

Caecum 0 . L-1-li0 0 . 49 5  0 . 865 0 . 508 0 . 512 0 . 858 

Colon 0 . 608 . o .  5 58 1 . 701 0 . 651 0 . 570 1 . 715  

Rectum 0 . 599 0. 549 2 . 878 0 . 517 0 . 533 .2 . 626 

'1 
l\) 



Table 3-/t . naw uata measure..rnent s of mucosa , villi and complete thi ckness between 
sh eep no . IV . 

Complete Complete 

�1hee2 IV Slide I Thickness Slide II Thickness 

Esophagus 0. 5 58 o . ·1i.h6 3 . 3 58 o .  512 O . L1-?L+ 3 . 112 

11umen v:il]j_ 0 . 291 0. 33 5 2. 139 0 . 293 0 .349 1 . 905  

Titunen rnucosri. 0. 098 0. 117 0. 121 0 . 109 

· Rct: culum 0 . 099 0. 109 4 . •  699 0 . 101 0 . 095 3 . 607 

Omnsum 0 . 108 0 . 088 0 .605 0 . 116 0. 105  0 . 4h5 

Aboma.su'!il 0. 814 0 . 791 2. 540 0. 848 0 . 791 2 . 477 

Duodenum o . m.2 0. 837 1. 397 0. 756 0. 786 1 .387 

J ejunum 1 . 2 56 1 . 23h  1. 658 1 . 3 1+6 1 .331 1 .  751  

Ileum 0 . 931+ 0. 773 1 . 9 56 1 .023 0 . 949 2 . 03 2  

Caecum o .  597 0 . 5 5g 1 .397 0 . 578 0 . 599 1 . 3 54 

Col.on 0. 660 0 . ?09 1 . 430 0 . 700 0 . 680 1 . 524 

necturn 0. 486 0 .  52L1- 2 . 903 0 . 422 0 . 53 4  2 . 789 



Table 35 . Raw data measurements of mucosa, villi and complete thickness between 
sheep no. V. 

Complet e Complete 
�3hcep V Slide I Thickness Slide II Thickness 

Esophagus 0 . 480 0 . 505 3 . 383 0 . 502 0 . 393 3 .  73Li-

Rumen villi O . l.i-09 0 . 33 5 2 . 159 0 . 419 0 . 381 0 . 428 

Rumen mucosa 0 . 091 0 .099 0 .105 0 . 110 

Reticulum 0 . 110 0 . 073 2 . 220 0 . 117 0 . 09 5  2 . 088 

Omasum 0 . 099 0 . 088 0 . 5 58 0 . 110 0 . 101 0 . 418 

/\bomasum 0 . 884 0 . 791 J . 454 0 . 83 7  0 . 860 J .302 

Duodenum 0 . 62s o . 698 2 .456 0 . 69 5  o .  744 2 . 388 

Jejunum l . 1+30 1 . 067 2 . 616 1 . 270 1 . 161 2 . 286 

Ileum 0 . 837 0 . 941 2 . 322 0 . 930 0 . 833 2 . 413 

Caecum 0 . 877 0 . 721 1 . 587 0 . 791 0 . 712 1 . 590 

Colon 0 . 837 0 . 756 1 . 905 0 . 707 0 . 744 1 . 9 5 5  

Rectum 0 . 607 0 . 59 5  2 . 159 0 . 669 0 . 697 1 . 778 

... 



Table 36 . Raw d�ta measurements of mucosa , villi and complete thickness between 
sheep no . VI . 

Complete Complete 
�jhcc:2 VI Slide I Thickness Slide II Thickness 

Esophagus 0 . 544 0 .  Lil9 3 . 988 0 . 539  0 . 488 4 . 064 

Hwncn villi o . 698 0 . 632 3 � 1+67 0 . 769 0 . 6 51 J .429 

Rumen mucosa 0 . 117 0 . 125 0 . 110 0 . 127 

Reticulum 0 . 121 0 . 116 J . 810 0 . 104 0 . 093 3 . 505  

Omasum 0 . 102 0 . 091 0 . 512 0 ,. 084 0 . 081 0 . 298 

A bomast1m 1 . 004 0 . 990 3 . 251 0 . 9 53 0 . 986 3 . 226 

Duodenum 1 . 107 0 . 949 2 .  791 .. 1 . 032 1 . 125 2 . 845 

J ejunu.Til 1 . 588 1 . 765 2 . 540 1 . 689 1 . 676 2 .477 

Ileum 1 . 560 1 . 483 2 . 413 1 . 676 1 . 549 2 . 604 

Caecum 0 . /+93 0 . 498 1 . 3 21 0 . 512 0 . 5 58 1 . 334 

Colon 0 . 799 0 . 833 1. 575 0 . 744 0 . 832 1 .638 

Rectum 0 . 456 0 . 1+3? 3 . 937 0 . 462 0 .. 507 J . 785 



Table 37 . Raw data measurements of mucosa , villi and complete thickness between 
pronghorn antelope no . I .  

Complete Complete 
AnteJ.0120 I Slide I Thickness Slide II Thickness 

Enoph.1.c:us 0 . 476 0 . 493 2 . 883 0 . 488 0 . 53 5  2 . 870 

Rumen villi 0 . 381 0 . 400 i '. 905 0 . 391 0 . Lil9 2 .001� 

nu.men mucosa 0. 113 0 . 091 0 .099 0 . 094 

Hcticulu.rn 0 . 090 0 . 087 3 . 117 0 . 087 0 . 112 2 . 997 

Omnsum 0 . 110 0 . 081 0 . 549 0 . 088 0 . 077 0 .3 53 

Abomasum 1 . 116 0 . 930 2 . 870 1 . 046 1 .023 2 . 871 

Duodenum 0 . 605 0 . 59 5  1 . 778 0 . 604 0 . 611+ 1 .  691� 

J ejumun 0 . 474 0 . 419 0 . 698 0 . 465 0 . 512 0 . 763 

Ileum 0 . BBL� 0. 849 1. 397 0 . 885 0 . 69s 1 . 245 

Caecum o • .  3 72 0 . 3 58 1 . 11..i/+ 0 . 39 5  0 .349 1 . 11+3 

Colon 0 . 3h8 0 . 3 56 0 . 781 0. 418 0 .J l+l+ 0 . 604 

Hectum 0 . L4-00 0 . 418 5 . 6 52 0 . 43 2  0 . 431� 5 . 461 



Table 38 . Raw data measurements of mucosa,  villi and complete thickness between 
pronghorn antelope no. II . 

Complet e Complet e 
l\ntelope II Slide I Thickness Slide II Thickness  

Esophaeu s O . M�2 o. . 572 l� . 064 0 . 567 0 . 549 4. 034 

Rumen villi 0 . 326 0.309 � - 727 0 .306 0 . 297 1 .371 

Rumen mucosa 0 . 101 0 . 09 5 0 . 102 0 . 103 

' Rcticultrn 0. 099 0. 094 2 .362 0 . 088 0 . 110 2 . 540 

o . 673 Cmasum 0 . 121 0. 112 0 . 112 0 . 077 0 . 523 

Abomasum 1. 023 1 . 004 2 . 906 1. 042 0 . 902 2 . 880 

Duodenum 0. 623 0 . 670 1. 938 0. 618 0 . 619 2 . 083 

Jejunum 1 . 079 1.069 1 ., 549 1 . 016 1 . 117 1 .372 

Ileum 0.651 0 . 607 2 . 118 0 . 6il 0 . 651 1 .9 56 

C;.1ecum 0 . 1�09 0 .  /+65 0 . 809 0 . hll 0 . 421 o .  7 53 

Colon 0 .418 0 . 383 0 . 721 0.365  0 . 3 58 o .  704, 

Rectum 0 . h65  0 . 338 4 . 9 53 0 . 400 0 . 402 4 . 757 



Table .39 . Raw d�ta measurements of mucosa , villi and complete thickness between 
pronghorn antelope no . III . 

Complete Complete 
Antelo:ee III Slide I Thickness Slide II Thickness 

Esophagus 0 . 366 0 ; 381+ 2 .  743 0 . 326 0 . 3 50 2 .  731 

Rumen villi 0 . 279 0 . 288 1 . 049 0 . 275  0 .372 1 . 1/+J 

Rumen mucosa 0 . 102 0 . 095  0 . 083 0 .085 

. Reticulum 0 .098 0 . 131+ 2 .667 0 . 128 0 . 120 2 . 794 

0 .651 
I 

0 . 3 56 Omasum 0 . 088 0 . 093 0 . 087 0 .092 

/\bo:nasum o .  595 0 . 541 1 . 600 0 . 569 0 . 586 1 .601 

Duodenum 0 . 716 o .671 1 . /+61 0 .675 0 .605 1 . 324 

�J ejunum 0 . 790 0 .660 1 . 171 0 . 791 0 . 744 1 . 01+9 

Ileum 0 .698 o .688 2 . 286 0 . 689 0 . 707 2 . 214 

Caecum 0 . 581 o .  539 1 . 080 0 . 523 0 . 5 58 · 1 . 193 

Colon 0 . 1+13 0 . 431 o. 723 0 . 465  0 . 431 0 . 698 

Rectum 0 . 558 0 . 460 5 . 041 0 . 563 0 . 53 5 4 . 9 53 

-..J 
00. 



Table /+O . Raw data measurements of mucosa, villi and complete thickness between 
pronghorn antelope no. IV. 

Complete Complete 
Antelonc IV Slide I Thickness Slide II  Thickness 

F.sonha.gu s 0 .381 0 . 419 2 . 921 0 . 39 5  0 . 409 2 . 794 

Rumen villi 0 . 233 0. 21+2 1 . 397 0 . 276 0 . 251 l . L{,/+8 

numen mucosa . O .OB2 0 . 09h 0 . 090 0 . 085 

1eti culum 0 . 061 0 . 088 1 . 600 0 . 129 0 . 077 1 . 524 

Omasum 0 .099 0 . 092 0 . 620 0 . 088 0 .091  0 . 391 

Abomasum 0 . 605 0 . 586 1 . 219 0 . 623 0 . 604 1 . 300 

Duodenum 0 . 837  0 . 791 2 . 223 0 . 920 0 . 83 5 2 . 03 2  

Jejunum 0 . 698 0 . 670 0 .• 884 0 . 744 0 . 722 1 . 011 

Ileum 0 � 756 0 . 837 1 . 079 0 . 698 0 . 724 0 . 9 55  

Caecum 0 . 3h4 0 .372 0 . 893 0 . 3 54 0 .371 0 . 976 

Colon 0 . 1+18 0 . 586 0 . 930 0 .349 0 . 400 0 . 722 

Rectum o .  512 o .  577 3 . 734 0 . 437 0 . 493 3 . 988 

---J 
'° 



Table 4-1 . naw data measurements of mucosa , villi and complete  thickness between 
pronghorn antelope no . V .  

Complete Complete  
J\ntclo:Qe V Slide I Thickness  Slide II Thickness 

Esophagus 0 . 539 o .  53 5  2 . 108 0 . 523 0 . 628 2 . 413 

nu.men villi o . 53 5 0 . 512 l'.981 0 . 511 0 . 53 5  1 . 803 

n1.:imen mucosa 0 .09 5 0 . 083 0 . 090 0 . 080 

Heticulum 0 . 093 0 . 116 l . 4L�8 0 . 140 0 . 102 1 . 801 

OmasuJn' 0 . 118 0 . 149 0 .479 0 . 130 0 . 125  0 .316 

Abomasum 0. 911 0 . 930 1 . 9 56 0 . 911 0 . 804 1. 397 

uodenum 0 . 212 0 . 251 0 . 809 0 . 256 0 . 214 0 . 810 

J ejunum 0. 930 0 . 763 1 . 219 0 . 908 o . 73 5 1 . 29 5  

IJ eum 0 . 391 0 . 399 1 . 461 0 . 39 5  0 . 442 1 . 397 

Caecum 0 . 367 0 . J81 1 . 143 0 . 418 0 .381 1 . 128 

Colon 0 . Li-19 0 . 414 0 . 670 0 .3 67 0 . 418 0 . 632  

nectum o .  512 0 . 628 4 . 013 0 . 530 0 . 605  l+ . 039  



Table 42 . Raw data measurements of mucosa , villi and complete thickness between 
pronghorn antelope no . VI. 

Complet e Complete 
Antelope VI Slide I Thickness Slide II Thiclmess 

Esophagu s o .  5 58 0 . 577 2 . 096 o .  53 5 0 . 581 2 .057 

Rumen villi 0 . 321 0 . 288 2 . 134 0 . 382 0 . 414 l . 981 

Rumen rriucosa 0 . 115 0 . 102 0 . 113 0 . 108 

Reticulum 0 . 072 0 . 068 1 . 303 0 . 072 0.073 1 . 288 

OmastJJn 0 . 118 0 . 085 0 . 372 0.077 0 . 088 0 . 251  

Abomasurn 1 . 397 1 . 240 2 . 433 1. 346 1 .334 3 . 023 

Duodenum 0. 763 0. 586 1 . 9 56 0 . 701 o . 698 1 . 905 

J ejunum 0 . 46 5  0. 577 0 . 725 0. 605 0. 465  0. 827 

Ileum o . 679 0 .  741� 1 .461 0. 71�4 0 . 721 1 . 524 

Caecum 0 . 372 0 . 385 0 . 7L� 0 .326 0 . 31+4 0 . 791 

Colon 0 .3 52 0. 331  0 . 610 0 . 3 54 0 . 344 0 . 883 

Tiectum 0 . 716 o. 698 4 . 064 0 . 791 0 . 712 4 . 191 
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