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I. ilitotic Activity of the Epithelium

Utilizing colchicim, which attests mitosis in netsphuer, the

mitotic activity in 9 regions of the inactive tract 1was studied.

Thirty-six Smelt-old Yorkshire pigs of both sexes were utilized in

this study. The colchicine was inJected intraperitomall: into tin

pigs at the rate of 0.25 ug./k3. bod: insight after a 6-hour fast.

four hours later the piss um killed and. min of tissues fixed

in Beidsmain's SUBA fixative, after which paraffin sections were

nae. Stain was Harris' hemtocqlin and eosin. rifteen hundred

resting epithelial cells plus the cells in mitosis vere counted for

each level of the intestim studied.

I The study showed that there was no diurnal variation in mitotic

activity for the levels of the intestim studied. The percentages of

epithelial cells in mitosis h hours following colohicine» inflection

vars: gastric cardia, 2.50; Mic mus, 2.22; gastric pylons,

2.88; daodem, 3.60; Je-Jumn, halt-5; ileum, 3.68; cecal, 5.01; spiral

colon, 5.21; and terminal colon, h.79.
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Il'he mmbers of due required for complete replacemnt of the

linim epithelium of various levels of the digestive tract are as

follows: gastric cardia, 6.66; gastric fundns, 7.50; gastric pylorus,

5.78; dnooem, n.63; JeJunnm, 3.7h; ileum, h.52; cecum, 3.27; spiral

colon, 3.20; and terminal colon, 3.118.

the length of the mitotic cycle varied from 38 to 52 minutes

for different levels of the intestinal tract.

II. A lticromcrphologic Caepariscn of hotohictic and ran-raised Pigs

Baby pigs were obtained from pregnant sows at term by mmmotoay'

and the uterus transferred through an antiseptic lock into a sterile

plastic surgical isolator vhere the pigs were removed. They were then

transferred to cage in a sterile plastic rearing isolator. The pigs

were fed sterile cows' milk with added vitamins and mimrals. In 2

experimnts monoccntaminated pigs were ohtaimd and in l, the pigs

were airfree. The contaminants in the first 2 experilnnts were

Staflylcccccusm and a Bacillus g. respectively. Growth responses

were poor, probably due to unsatisfactory nutrition.

renewing a period of 17-21 days, the pigs were euthanized and

tissues saved for study. Little morphological difference was noted

between the moncccntaminated pigs and the germfree pigs.

The gnotcbiotic (“contaminated and germ») pigs had less

causative tissue in the sub-loose of the intestine and it was more

looselyarraagedthanthat intb farm-raisedpigs. Thea-ount-of

laminatic tissue. in the small intestines of tin autobiotic pigs was

not: less than that seen in the farm-raised pigs.
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Marked vacuolization cf the epithelial cells of the small intes-

tim and a golden-brown piguent in the epithelial cells of the cecum

were present in the gnotobiotic pigs and their littermate controls.

These were not present in the farm-raised pigs-

Postmortem decomposition is greatly retarded in germfree animls.

Intact erythrocytes were present in blood vessels of tin cecum from a

pig which was allowed to remain in a sterile enviromnent at room tem-

perature for 3 dqs following death.
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PART I. MITOI‘IC ACTIVITY 0? Mi: EPITEELIUM

IM'BODUCTION

Cells which constitute the tissues of the intestinal tract do not

grow to mturity and then become static. Bamond, as early as 1901;,

observed the desquamation of the epithelium which occurs in the shell

intestine incident to the digestion of food. There is constant activity

of the epithelial cells with new cells being formed in some parts of the

intestinal glands and the old or worn-out cells being lost in areas

designated by .Ieblond and Stevens (l9h8) as "cell extrusion some".

Pig. 1-1 is a photograph of the ileum of a normal 5-week-old pig from

the research. to be reported in this thesis showing this "cell extrusion

zone". The epithelial cell at the very tip of the villus is about to be

extruded and lost into the lunen of the intestine.

Our basic knowledge of enteric disturbances is far from complete,

yet these disturbances are frequently encountered by the practicing

veterimrian. lore research is needed to supply the necessary infor-

mation for proper diagnosis, treatuent, and control.

One might question whether there is an difference between .the

cellular activity of the intestinal epithelium in the "normal" pig and

in the pig with enteritis. Does the presence of the increased peristal-

sis often present in enteritis have an effect on the rate of replace-

mem’. of this epithelium? Do the different areas of the intestinal tract

of the baby pig have the some or similar cellular activity, or do they

vary greatly? 'lhese are interesting questions. Their answers are

-2-



rig. l-l.--- Tip of villus of ileum of a nernal baby pig showing

- the cell extrusion zone as described by Ieblnnd and

Stevens (19%). H as I 630.
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either unknown or incompletely known. Their elucidation depends upon

knowing the conditions which exist in the normal pig concerning the

cellular activity of this epithelium.

Similar questions might be asked about the~ effect of the bacterial

flora of the intestine on the integrity and health of the epithelial

lining.

This thesis reports research on a limited segment of the basic

studies necessary to a better understanding of the digestive tract. It

deals primarily with the intestinal epithelium of the apparently normal

pig. Part I is concerned with the mitotic activity of the epithelium of

the diastive tract of the pig raised under typical farm conditions, and

part 11'. deals with tin micrcmrpholog of the digestive tract of pigs

raised under gnotobiotic and gen-free conditions and a comparison is

rude to the dimstive tract of pigs raised under farm conditions.



REVIEWG'IJTERATURE

The study of mitotic activity of the intestinal tract is facili-

tated by employing a drug which will stop or inhibit mitosis at some

specific phase of karyokinesis. Such drugs are colchicine and.trypa-

flavin (Bucher, 1939) and aminopterin, fluoride, cyanide, chloro-

acetophenone, and uretham (Hughes, 1950).

Since the work of Dustin (19310 and Lite (1931;) on the use of

colchicine for the purpose of producing metaphasic arrest in.aninals,

the number of’papers dealing with the use of this drug in the study of

mitotic activity has increased.enormously. The bibliography on.colchi-

cine compiled by Eigsti and Dustin,(l9l+7, 1919) contains. about 2,000

references. Actually, as pointed out .by Eigsti 91. 9.1: (19109), the

credit for first observing the action of colchicine on mitosis should

go to Pernice (1889) who described in considerable detail the mitotic

picture seen in the stomach of a dog to which tincture of colchicum

bulbs had been administered. Why the delay occurred in applying this

knowledge concerning the action of colchicine to cell study is not

known, but a period of #5 years elapsed before nastin and Lita were to

again use the drug for this purpose. The book by Eigsti and Dustin

(1955) covers most of the important work regarding the use of colchi-

cine as a mitotic inhibitor.

'Eigsti and.Dusttn.(l955) state that colchicine acts on.the cell

in the-mitotic cycle by inhibiting the formation of a spindle at pro-

phase, precludes a nuclear mitosis, delays chromosm separation,

-5-
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inhibits daughter nuclei and effectively blocks cleavage processes.

This causes an accumulation of cells which are in mtaphase. Tennant

and Liebow (19%) have shown with tissue cultures of mammary carcinoma

of mice that this accumulation of netaphasic mitotic figures was ap-

parent within 30 minutes after colchicine was introduced into the

culture. T3r3 and Vedas: (1935), in their study of cardiac muscle in

tissue culture, reported that the effect of colchicine on mitosis was

apparent within one hour after adding it to the culture. These authors

suggest that the reason for mtaphasic arrest is that at this stage the

cell is the most sensitive to external influences probably due to the

lack of a nuclear menbrane at this phase of karyokinesis. Increased

mtabclic actitity at this stage of the process might also be a factor

in the increased sensitivity.

Sentein (19163), Hughes (1950), Tennant and Liebow (191m), Bucher

(1939), Indford (1936), Yarn and Yilter. (19m), Brues (1936), and

Buschke gt 9;. (191m conclude that the effect of colchicine is purely

inhibitor-y , acting at mtaphase , and that it does not influence the rate

at which cells enter mitosis.

Since colchicine disrupts norml mitosis by interfering with

spindle formation it might be suspected that there would be some morpho-

logical alterations in the mitotic figures produced at netaphase. This

is indeed true. Eigsti and Dustin (1955) call attention to the star

type mitotic figires, the distorted star types, the exploded type, and

the ball type. Hughes (1950) mntions that following mtaphasic arrest

there is "clumping" of the chromosome which then cease to be separately

distinguishable. Miszurski and DolJanski (l9h9) call attention to

pathological mitotic figures following tin use of colchicine in their
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studies of mouse sarcoma #180, and in rat liver following subtotal

hepatectow.

The exact nature, however, of the mechanism of colchicine in

inhibiting mitosis is not known. Chargaff gt 5;. (191:8) have shown

that the inhibitory effect of colchicine at retaphase in filing 9923

was prevented by mac-inositol. The nechanism of this inhibitory

actim of inositol was not explained.

while colchicine is useful in stopping mitosis at a definite and

easily ascertainable stage of the mitotic cycle thus enabling the de-

termination of the percentage of resting and dividing nuclei, other

important factors must be considered to make this enumeration valid.

Son cells show periodicity in their mitotic activity depending upon

the tin of day. In other words, there is a diurnal variation in callu-

1ar activity. Thus, Blunenfeld (1938a, 1938b) shows that there is a

siglificant dimimtion in the rate of mitosis in tin submillary

salivary gland of the rat between 2:00 A. n. and.h:00 A. u. with a

fairly constant level of mitotic activity during the rest of the 2!:-

hour period. The maxim: activity of the epidemis occurred at 8:00

A. M. to 10:00 A. 11. and that of the renal cortex at 2:00 P. H. to

15:00 P. u. The. minimal activity occurred at 6:00 9.11. to 12:00 mid-

night and frm 10:00 2.14. to 12:00 midnight respectively. flhlcmnn

g; 21. (1955) found a high point of mitotic activity of the thyroid and

oral epithelium of the rat during the day and a low point of activity

at night. The adrenal cortex, on the other hand, had a high mitotic

activity during the night and a low activity during the day. Klein and

Geisel (19W), in studies of the intestinal gland cells of the rat and

mouse, found two periods of high activity, at 12:00 noon and at
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1::00 A. M., and two periods of low activity, at 8:00 A. M. and at

#:00 P. M. Klein (1951) also mentions the presence of two periods of

high activity and two periods of low activity of the epithelial cells

of the duodenal moose of the rat and mouse. hi'ihlemann e3 §_l_. (1956) ,

on the other hand, were unable to demonstrate aw significant difference

between the rate of mitoses in the duodenum of the rat at different

times of the day-

Another factor that may cause variation in the mitotic activity is

the nutritional state of the animal and the activity of the intestines

incident to the diystive processes. Although Klein and Geisel (19%?)

found no relationship between the taking of food and its digestion and

the mitotic activity of the diystive tract of the rat and mouse, other

investigators reported such a relationship in their studies of tissues

other than frcn the digestive tract. Ieduc' (1919), studying the mitotic

actiwity of the liver of weanling mice, noted that this activity disap-

peared on prolonad fasting and reappeared on refeeding'. The amount of

protein in the diet was a factor which determined the time of appear-

ance of the peak mitotic activity. Blunnnthal (1950), stuuing the

cyclical variation in mitotic activity in guinea pigs famd .for

213. hours and sacrificed at intervals during the next 211» hours, showed

that there was a progressive decline inthe “er of mitotic figures

in tin thyroid and parathyroid, while in the adrenal cortex there was

a progressive rise in tin nimber of cells undergoing mitosis.

Bullough. andlisa (1950) concluded that nutrition mat be considered

wbn studying mitotic activity of cells. In their work with mitosis

in tin epidermis of .mice, tiny found a marked depression of activity

when the feed intake of the aninl was reduced from 801: to 70$ of that

normally eaten.
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Mitotic activity ins been studied in my different tissues of tin

body by using colchicine. Son recent studies have been concerned with

the lung (Bertalanffy and Ieblond, 1953), epidermis (Bullough, 191:9),

sebaceous glands (Bertalanffy, 1957) , corneal epithelium (Buschlne gt a_l.,

19353), and urinary bladder (Ieblond, 1955). met of the studies of the

intestinal tract have been with the rat and mouse, scan with the guinea

pig, and a few with dogs and cats. Literature concerning mitotic activ-

ity in tin pig was not found. Two reports concerning the use. of

colchicine to alter the chromosome lumber in the pig are available

(W, 1951, and island”, 1951).

Hunt (1952), in studying the activity of the gastric glands in

mature rats, concluded that there was no diurnal rhyth in the cellular

activity. The averaa umber of mitoses was 15 per lineal millimeter

of section cut at 6 microns with a variation of frcn 16 to 82 mitoses

poi- millimter in different parts of the stomch. Stevens (1952) and

Stevens and Ieblond (1953) determined the renewal tire or the surface

lepitblialcellsoftbe stanchofthe rattobe 2.81s dsysandthat of

the meals neck cells to be 6.52 days. Bertalanffy (1960) found that

the renewaltim forthe epitheliumofthe cardiac regionofthe

stack of tie rat was 9.1 days- In the cat, Gram; (l9h5) studied the

replace“ of the stench epithelium that had been practically dammed

of cells by treatmnt with ethyl alcohol. As long as the underlying

gland cells are not damamd, the denuded surface epithelium was re-

placed within a few hours. no concluded that this ability to replace

itself was a fundanntal prOperty of the gastric mcosa.

The mcosal epitlmlium of the small intestim has also been

studied in detail in the smllar animals. Stevens and Iablond (19h?)
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determined the half life of the epithelium of the ileum of the rat to be

between 1 end 2 due. The half life of the epithelium of the duodenum

was somewhat longer. The cells of the intestinal epithelium originate

from mitoses that tabs place throughout the length of the mahorh'lhu

glands. The cells are gradually pushed along the sides of the villi

and appear to be eliminated at the tips of the villi. Leblond and

Stevens (1916) determined the renewal tie» for the epithelial cells of

the rat duodenum to be about 1.6 days and that of the epithelial cells

or the ileum to be about 1.1; due. Bortalentfy (1960) found the re-

newal tin of the JeJunal epithelium of the rat to be about 1.3. days.

Mcuinu (195R), in studying the rate of renewal or the duodenal and

ileal epithelium of the cat, showed that in the cat not treated with

colchicim, 0.9510! the epithelial cells were in mitosis. In cats to

which colchicine had been administered 5 hours before, 3.77% of the

epithelial cells were in mitosis. This scene that, in the 5-hour

period, 397 mitotic cycles had taken place and that the ties for

one mitotic cycle was, tieretore, 1.26 hours or 75 minutes. The re-

mwal tin calculated from these figures is 5.53 days. McMinn and

Mitchell (1951+), in their studies at healing oi artificially produced

lesions of tin shall intestim of the cat, also determined that 3.77%

of the epithelial cells of the small intestine were in mitosis 5 hours

after the administration of colchicine. Martin: (1958) found that, in

the dog, 5 hours after the administration of colchicine, 17.12% of the

epitlnlial cells of the mill intestlm were in mitosis. Comparing

this to the 3.77% or the cells in mitosis in the cat and assuming that

the. duration of the mitotic cycle was the sums in both the dog and the

cat, he concluded that the colchicim appears to stimulate the epithelial
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cells to emer mitosis. He, noted increasing numbers of mitoses with

increasing dosage of colchicine in.the dog.and at the dose of 0.25

milligrams of colchicine per kilogram of body weight which was the

amount administered, toxic manifeetations were observed.

Bortalani'iy (1960) found that the renewal tins of the epithelium

of the colon of the rat was about 10 days and the renewal tine for the

rectal.epithelium.in.the same animal was about 6.2 days.

It can. be seen that this important aspect of inestlnnl dynamics

has been.studied primarily in.the laboratory animala Studies in.the

pig are conspicuous by their absence. The complete elucidation of

enteric diseases depends upon the better understanding of the basic

changes taking place in.the cells making up the intestinal tract.



MERIAIS AND DETRODS

A total of 36, five week-old Yorkshire pigs from 6 litters were

used in this study. They were of both sexes. The animls were

allowed to nurse the dam and were provided with supplemntary feed

via creep-feeding facilities as soon as they showed a desire for it.

Supplemntary iron was provided by the oral administration of a com-

uercial iron, copper, and trace mineral preparation.

The experimntal animals were observed frequently and always

appeared to be in good health. Blood samples taloen at or near the

termination of the experimnt were normal in the level of hemglobin

and in the mmber and kinds of leukocytes present.

Since the degree of activity of the dipstive epithelium might be

dependent upon the stage of the dipstive process, a procedure was ee-

teblished to standardize this aspect. All animals were removed from

the environs of the dam exactly 6 hours preceding the administration

of the colchicine. They were then placed into an empty stall which

was devoid of all bedding and were provided with neither feed nor water

for the duration of the experimnt. At the termination of the 6-hour

fest period they were weighed and the calculated dose of colchicine was

injected intraperitomelly. The colchicim employed was USP colchicim

obtaimd frqu Nutritional Biochemicals of Cleveland, Ohio. The colchi-

cine was used without purification although it had been shown by

Horowitz and Ullyot (1952) that the USP grade might not be entirely

pure. - It was prepared for injection by linking a solution in distilled

-12-
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water. in the concentration of l milligram of USP colchicine per milli-

liter of solution. Aseptic technique was employed in preparing the

solution and sterile bottles were used for mixing the colchicine with

the freshly distilled, though nonstarile, water.

live animals were used in a preliminary study to determine the

amount of colchicine to use in arresting mitosis. Since all cell divi-

sion would not be arrested if an insufficient amount of colchicine were

used and since too large a dose might cause too much damage to the mi-

totic figures or prove toxic to the animal, it was decided that a

gradation of doses be injected into several animals and the does which

gave the highest number of distinguishable mitotic figures in a stated

period of tile without significant evidence of toxicity would be the

amomn'. used in the study. The dose for the rat and mouse was 1 milli-

gram per kilogram of body weight in investigations by Tier e_t_ 3;. (1952)

and Bertalanffy and Ieblond (1953) . One milligram per kilogram of body

weight was used for the pigeon by leblond and Allan (1937). ror the cat

the dosage was 0.25 milligrams per kilogram of body weight in work by

Melina (195151958) and scum; and kitchen (1951.). A dose of 0.25

milligrams per kilogram of body weight gave sone toxic manifestations

in the dog although still inhibiting mitosis as reported by Mcflinn

(1958)- Thus, it appeared that the amount of colchicine needed per

kilogram of bow weight varied inversely with the size of the experi-

mntal animl.

It was decided that the dosage in the preliminary trial should

start at 0.25 milligrams per kilogram of body weight. The 5 pigs were

accordingly inJected intraperitonsally with the drug: 2 at the rate of

0.25 milligrams, l at the rate of 0.5 milligrams; and 2 at the rate
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TABIE l-l.---Deternimtion of dosage of colchicine. Colchicine injected

’0 hours before. Dosage is that giving the greatest nufler of

mitotic figures in the stated period.

 

‘rm

number 30;; W in mitosis in duodegg

23 r 0.25 ' 5.23

27 M 0.25 3.28

26 u 0.50 1.81

19 H 1.00 1.06

22 M 1.00 2.21

 

of 1.0 milligram per kilogram of body weight respectively. This is

shownin Table 1-1. The animals were killed 15 hours following injection

with colchicine. from the results of this preliminary work a dosage of

0.25 milligrams of colchicine per kilogram of body weight was decided

upon as the dosage to be employed in this study.

Another factor of importance in this work is the length of tin

to wait following the injection of tin colchicine before selecting

tissues for examination. This is of importance because if the inerval

between injection of colchicine and the selection of tissue is too long,

there will be disintegration of the mitotic figures followed by their

complete disappearance. This was reported by Bertalanffy and Ieblond

(1953) and was apparent in the work of metin (193k) . Seven pigs were

accordingly injected intraperitomally with colchicim at the rate of

0.25 mg./kg. of body weight and killed at intervals varying from 1 to 8

hours following the injection. Examination of tin tissues frm the

duodemmahotad an increase in mitotic figures up to 3: hours with varia-

bility at 5, 6, and 8 hours. In the cecum, an increase in mitosis was

noted up.to 6 hours with a decrease at 8 hours. (See Table l-2). ‘
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mun 1-2. -—De'brmimtion of tin required for colchicine effect

using dosage of 0.25 m./kg. of bow weight.

 

P 8 p0 - area 06 868

m Le; Election duodenum 93323

30 u 1 0.36 0.96

36 M 2 1.1h u.6h

32 M 3 1.21 16.23

33 M h 5.62 10.93

3h )1 5.3 1.0!; 1.19

35 M 6 1.ho 18.91;

31 r 8 5.08 11.79

 

Bertalanffy and leblond (1953), in their study of the alveolar cells in

the lung of the rat stated that a tire for collection of tissues should

be selected at which the number of mitoses arrested by colchicine is

still increasing. Four hours following the injection of colchicino was

accordingly selected as the tins that the tissues would be collected.

It had been demonstrated by various authors (manfeld, 1938a,

1938b; mm, 1952; Klein and Geisel, 19in; Klein, 1951; leblond and

Stevens, 1938; Ihhlemnn gt a_l_. , 1955) that a diurnal variation existed

in the mitotic activity of scam cells. It was not known whether a

diurnal variation existed in the mitotic activity of the epithelium of

the digstive tract of the pig. To determine this it was necessary to

study pigs at different periods of the day. Twenty-four pigs were

divided 1m h groups. Each group contained 6 pigs of which h were in-

jected intraperitonaally with colchicim at the rate of 0.25 mH/lg

body weight after a 6-hour fast. Two pigs were not injected with .col-

chicine and served as controls. Four hours following the injection of
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tin colchicine, the pigs were anestlntized by intravenous injection of

sodium pentobarbital and exsangninated. The protocol of this part of

the experimnt is given in Table 1-3.

TABIZ 1-3 . ---Protocol for determination of the mitotic activity of the

epithelial cells of the intestinal tract.

    

,, _°,.,

 

 

 

 

 

 

 

 

P 8 ' - ”" 5 H_

number sex ch.) feed I-P" ction necropsy

56 1? 11.36 lloon 2.85 :00 P.M. 10:00 PM.
52 F 7.05 n 1.77 n u

5 M 6.81 " 1.71 " “
u r 9.” n 2.28 n n

56 M 7.73 " -- --- "
he F 9.3; u _- _ __- u

E3 M 10.15 6:00 PM. 2.62 Midnight 11:00 11.14.

51 I 6.81 " 1.70 " , "

6 M 9.09 " 2.28 " "

7 F 9.09 O! 2.28 n n

3 M 9-09 " -- ~” "

hi r 39A: " -- —-- "

II— P 9.09 Midnight 2.28 6:00 AM- 10:00 1.14.
51‘ F 7.50 n 1.88 n u

2 u 7.95 n 2.00 n n

8 M 7.27 n 1.82 n n

50 r 7.95 fl .. ..- II

b M 10.00 " -- w --- "

#110 a 10.00 6:00 A u. 2.50 soon two 9.1!.

53 r 7.27 " 1.82 " "

1 u 7.73 " 1.9!: " "
9 F 5.90 n 1.1‘8 n n

1:5 F 12.05 " -- --- "

55 n 7.27 n -- --- n

 

* intraperiton'e—ally

After exeangiimtionfln intestimltractwasremcvedandthe in-

testine separated mm its msenteric attam and named. Tissues

were saved from the stench, including the cardiac, heroic, and pyloric

portions, frcmlOequidistairtpu'ts oftb sull Mm, m5equi-

distantpartsoftha spiralcolonandfras3 lewelsofthetermiml

colon. All tissuesmrs removed shortly after tb bathofths animal

and find in Heidenhain's SUSA fixative (Davenport, 1960).
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Figure 1-2 shows a diagrammatic representation of the digestive tract

of the pig. The numbered.designations are the approximate areas from

which the tissue samples were taken, Tissues used in this study are

the cardiac (5), fundic (6), and pyloric (7) areas of the stomach, the

duodenum (8), the jejunum (13), the ileum (17), the cecum (20), the

spiral colon (23) and the terminal colon (27). The tissues were em-

bedded.in.paraffin.according.to the usual.histopathological practices,

cut at 6 microns, and staimd with Harris' hemtoqlin and sosin

(Damenport, 1960). .

A minimum of 1,500 resting nuclei was counted from each tissue

using the oil innrsion objective. A Howard mold-counting disc was

placed.in.the eyepiece of the binocular microscope to facilitate

counting. The number of mitotic figures seen.while counting the 1,500

resting nuclei. was added to the resting nuclei and the percentage of

cells in mitosis calculated.

luclei were counted in glands only if the gland .... cut longitu-

dinally throughout its entire length. The reasons for this are two-

fold. First, it was observed that the major number of mitotic figures

were in.the lower portion of the gland and second, there was a tendency

for the mitotic figures to be found closer to the luuen of the gland than

were the resting nuclei of the sane gland. (See Figures 1-3 and 14;).

If glands had.been.included that were not cut longitudinally throughout ,

their entire length, there would have been a greater likelihood of an

inaccurate representation of the distribution of the mitotic figures.

Once a count was begun.in.s specific gland, the epithelial cell

nuclei in.the entire gland.were counted.even.though a total of 1,500

resting nuclei was reached soon after beginning the count in the gland.
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Prophaee nuclei were included with the resting nuclei and no anaphase or

telephase nuclei were seen in tissues from animals injected with colchi-c

cim. In the control pigs, the anaphaee and telophase nuclei were in-

cluded with the retaphasic nuclei in determining the number of cells in

mitosis.

Analysis of variance using the I test as described by Batson (1956)

was applied to the results of this study.
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rig. l-3---Kitotic figures in glands in cecum of pig injected

with colchicim four hours before. lots that the

mitotic figures are located in the cytoplasm of

the cellnaarerthe limnofths glsndthaneiethe

resting nuclei. note also the round shape of the

nuclei, the 15on ball nuclei, which is evidence,
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rig. bin-Mitotic figures from cecum of pig which had not been ‘,

injected with colchicine. Compare with figure 1-2 and note

tlm mller nuiaer~ of cells in mitosis. lots also that mi-

tosis istakirgplace nearthe lu-n. H53 2611-0.



RESUII'S AID DISCUSSIG

Tb amount of colchicine to be given to the pig was deter-ind in

a preliminary experi-nt the results of which are given in Table 1.1.

The greatsstnufisrs ofmitotic figureswere seenintlm mills in-

jocted with colchicim in the amount of 0.25 lags/kg. of body weight.

Sincsthetwovaluesohtadmdwiththisemountofoohhicimegneed

withinlfi, amdsincethsssvaluesweretwiceasgreatasthsnext

highest valm, it as decided that 0.25 ass/ks. of body weight be. used

astbdosem for mrtherwork. Thisvalua agreeswiththssmcuntad-

ministered to tlm dog and cat in other investigations. Toxic unifes-

tations were not observed clinically. in the aninls, but ’5 hours my be

too short a period for toxic manifestations to been. apparent. Host of

the amtaphasic arrests noted in examining the tissm sections were of

the ball type, rignres 1-3 and 1-5, which, according .to rigsti and

mstin (1955), are indicative of tonic action of the colchicine. lots

alsoin rigure 1-6, in an aninl which had not been given colchicum,

that the mitotic figures are not ball shaped but assun a more angular

configuration. Whether the decreased mmbers of mitoses noted in the

pigs giventlm higher doses of colchicine were due to damp or de-

struction of the mitotic figures by the increased amount of colchicine

was not determined. This finding does contradict tlm suggestion of

Hollis-1(l958) that colchicine in increasing doses causes an increase of

mitoses in.the duodenal epithlium of tb. dog. This apparently is not

true for tb duohnal epithlium of the baby pig.

-22-
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rig. 1-6.---Glands of Heberknhn frm tln JeJunnm of a pig which

had not received colchicine- lots the shell minr

of mitotic figures. The gland at the

-taphasic. mitotic figure and one anephasic fiaire.

Tbglandattherighthasonsmitaticfignre in

ntophoso. n a x x 6&0.
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With the dosage of colchicine determined, it now became necessary

to ascertain the optimal tin for allowing the colchicine to act.

Table 1-2 gives tb results of a study to determine this factor. A

tin of 3 hours was selected for further studies with colchicine because

there was a constant increase in the number of mitoses up to this tine

in the epithelial cells of the duodemm as shown in the table. The peak

mitotic activity for tb duodenal epithelium and the peak activity. for

the cecalepitheliumdonot fallonthe sen hour following the. in-

Jectionofcolchicins. Inthe case oftlnduodemm, thepeakmitotic

activityoccunedathhoursand, inthe case ofthe cecnim, thepeak

activity occurred at 5 hours. Since it was not possible to select two

tin periods for the ease experinnt and since it had been stated by

Bertalantfy and Ieblond (1953) that a the should be selected in which

the nuflaenof mitotic figures are still increasing, it was decided to

use 3 hours as the tin period. This time is at or near the peak ac-

tivity for the duodenal epithelium and is in the period in which the

mitoses in tin cecum are still increasing. It would probably not be

possible to select a tin which would be ideal for all tissues. If

work were to be done involving a specific tissue of the body, a prelim-

inary study should be done to determine the ideal tine for the tissue

in question.

Examination of Table 1-2 suggests another interesting possibility.

There appears to be a cyclical pattern in the mmber of mitoses in the

duodenum with a high point of mitotic activity at 5 hours and another

high point at 8 hours. In the cecum the sex picture obtains but with

the high points of mitotic activity at 3 and 6 hours. While the number

of observations is too small to be of significance, the possibility
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exists that the mitotic activity of the epithelial cells is cyclic.

Qiodkowski (1937) describes phases of karyokinesis following admini-

stration of mitotic poisons in which one wave of mitotic activity is

followed by a second. However, the intervals between the waves as

described by him are seasured in days rather than hours.

The reasons for tin decreased matters of mitotic figures in tln

period between the two apparent hidis is not explained. It would seen

ilprobabletbttlndosamofcolchioimmsohighthattbdmim

effect of. enaaeeive and-ante had destroyed the. mitotic figures and that

theincreese aesnatthnert peak is due topreviously resting cells

now undergoingnell division.

Table l-h gives the mitotic activity of 9 areas of tlm diastive

tractofthebahypigdnringhperiodsofth. day. rourpigswere

etndiedroreachorthahtine periods. Analysisofvarianoeusingthe

rteetvaeappliedtothe data foreachareaofthe intestinaltractto

determine if there was significant variation in the activity at an of

the ’3 periods of the day. Bearlts of this analysis shomd no signifi-

cant variation between tb mitotic activiw m the 5 periods of tb

day for an of tip 9 areas of tin diastive tract studied. Accord-1081:,

tin percentages. for the h periods were averead giving the percentaa of

cells undergoing mitosis during any four-hour period of the day.

Examination of this table indicates that the 9 areas of the intesti-

nal. tract studied can be placed into 3 groupe. The cellular activity of

the 3 areas of the etoaach is eo-evhat similar. llitoses varied from

2.22$ to 238$. A sonwlmt interndiate group includes the 3 areas of

tb m1]. int-stir! IhiOh have ”0.3.“ to'iJfifi of tb epitblial

cells in mitosis. its third group is composed of the cecum, spiral
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colon and terminal colon with a range in the percentage of epithelial

cells in mitosis of h.79$ to 521$.

If one now calculates the tire required for a complete replacement

of epithelial cells in tines areas of the intestinal tract, it can be

seen (Table 1-5) that it takes from 3 to 7 days to accomplish this.

These results do not compare too closely with those obtained by other

authors in vorh done with other species of animals. Stevens (1952) and

Stevens and Ieblnnd (1953) in studies on the. stomach of the rat deter-

mimd tin reimwal tin for the surface epithelial cells to be 2.8!; due

and for the moons neck cells to be 6.52 days. Bertalanffy (1960) de-

termined the renewal tin for the epithelium of the cardiac region of

the stmchofthe rattobe 9.ldays as contrastedtothe 6.66 due

determimd in this study of the baby pig.

In the case of the small intestine, leblond and Stevens (19h8)

determined the renewal tin of the epithelium of the duodenum and ileum

of the rat to be 1.6 and 1.1; days respectively. The comparable remwal

time for these areas in the baby pig as determined in .this study are

15.63 and 3.71; days respectively.

The renewal tires for the epithelium of the spiral colon and the

terminal colon of the baby pig as determined in the present study are

3.20 and 3.h8 days respectively. A comparable value for the epithelium

of the colon of tin rat as reported by Bertalanffy (1960) is 10 days.

The percentam of cells in mitosis at different levels of the

diestive tract from 8 pigs which had not been given colchicine is

depicted by Table 1-6. These pigs were of the sane age and treated in

a similar manner as were those animals which had been given colchicine.

Two pigs were used for each interval of the day shown in the table.
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Analysis of variance showed a significant difference between the nuubers

of mitoses at the different time intervals in the instance of both the

cardiac region of the stomach and the cecum. This difference was sig-

nificant at the 5‘; level in both instances. In all other areas studied,

there were no significant differences between the numbers of mitoses at

the ’1 tin intervals. The difference in the case of the cardiac region

of the stomch and the cecum, although showing a low level of signifi-

canoe, doee not necessarily mean that there are diurnal differences in

the mitotic activity of these two organs. The number of animls studied

is smll, being composed of h groups of 2 animals each. If a larger

mnber had been used, these differences might not have existed. In

support of this is the fact that the groups of animls that had received

colchicine (see Table l-h) showed no significant variation between

groups .

TABIE l-6. --- Percentage of epithelial cells in mitosis at various levels

of tlm intestinal tract of the baby P18 during it periods in a day.

These pigs had received no colchicine.

 

 

 

 

stosmch duo- JeJu- spiral terminal

Interval cardiac fundic pyloric denum nun ileum cecum colon colon

6-10 PJI. 0.26 0A6 0.53 1.31 0.8h 0.77 0.89 0.96 0.93

12411.1(. 0.57 0.16 0.57 0.5h 0.95 0.82 0.89 0.82 0.86

6401.11. 0.63 0.1.1. 0.69 1.00 1.01 1.11 1.23 0.99 0.85

12411.11. 0.58 0.“ 0.66 0.72 0.7h 0.90 0.89 1.03 0.85

Average 0.51 0.h5 0.61 0.89 0.88 0.90 0.97 0.95 0.87

3.1:.* 0.06 0.03 0.05 0.15 0.07 0.06 0.06 0.01; 0.03
 

* Standard error

The average murmur of epithelial cells in mitosis was determined

for each area of the intestinal tract studied in the aninmls that were

not given colchicine. If the percentage of cells in mitosis after
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colchicim administration is divided by the percentage of cells in

mitosis from an animl which did not receive colchicine, the numer of

mitotic cycles taking place during the interval in which colchicine is

acting will be determined. If one conservatively uses a tin interval

of 30 mimtes for the colchicine to be absorbed from the peritoneal

cavity and to be distributed by the blood to all cells of the body, then

tin tire that colchicine was acting in the aninls in this experimnt

was 3§houre or2loninutea. Iform nowdividas the tine that the col-

chicinevnsactimbythamflerofmitoticcyclestakingplace inthat

tin interval, the lengthofti- for cnamitotic cyclewillbe deter-

mind. This is sholulin Table .1-7. It can be seen that the duration of

the mitotic cycle varies from 38 to 52 mimtes. This is sanwhat longer

than the 27.5 mimtes determirmd for the rat JeJunum by Widner gt 3;.

(1951) or the 23.9 minutes reported for the rat JeJunum by howlton and

Vidner (1950).

It is interestirg to consider this great activity of the cell. Tb

cells lining the intestines complete the mitotic cycle in less than ore

hour- In on week, the lining epithelium of scam areas of the intes-

timl tract is completely replaced, not once, but twice. Thus, the

intestirm is far frombeing asimple tube, playing a passive role inthe

- nitritionof the animl but rather a dynamic organ, constantly under-

going change.
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Using the colchicine technique, the mitotic rates and tin renewal

time for the epithelium of nine areas of the digestive tract or the

S-week-old baby pig were deterained. The til required for the com--

plete. remwal of the epitheliun of the stomach varied from 5.78 to

7.50 days, depending on the area; for the- call intestim, the tin

varied m:- 3.7h to h.63 due; for the cecun, 3.27 days; and for the

spiralcolon and the terninalcolon, the tires were 3.20 and 3.158 days

respectively. »

Anestintionotthe length ofthe mitotic qua. wasnds for

thsnin areas studied. Thisvariedfron38to§2ninutes for dif-

ferent levels of the intestinal tract.

.33 u
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PART II. A HICRQJCRPBOILBIC COIPARISCI or “MIMIC

AND FARM-BAISD PIGS



MROIRKZTIGI

It is of fundamental interest to know what effect, if aw,

microbial life has on the intestinal tract. The intestine of the

normal animal has been extensively studied; that of the germfree

animal is larply unknown.

men work has been done with the propagation and study of gem-

free laboratory animals. Morphological studies on the intestinal tract

of the germfree pig have not been reported.

It is the purpose of this study to compare the micromrphologic

features of the intestine of the germfree or gnotobiotic pig to that

of the pig raised under farm conditions. Certain other aspects of the

gnotobiotic pig will also be consibred.

At this point, a few words on terminolog are in order. The term

gnotobiote is from the Greek language and means ”hams: life“. The term

was first stagested by Reyniers e_t_ £11. (19119). By the expression gnoto-

biotic pig, therefore, is want a pig, the microbial flora of which is 8

known. The term can be used to designate pigs which are coagulately free

from microbial life. It can also be used for pigs which have one or

more contaminating organisms as long as the identiiq of these organisms

is known. ror example, in experimnts l and 2 to be reported in this

thesis, the contaminating organisms of tin gnotobiotic pigs are

Staphylococcusm and a neuter of the Bacillus genus, respectively.

The expression 'gnotobiotic control" will be used to designate

those pigs, usually littermtes of tin gnotobiotic pigs, but which are

.39-
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not kept under gnotobiotic conditions. They are animls that are

raised outsib the isolators in open cages but within the can room and

fed the sale diet as the gnotobiotic pigs.

By farm-raised pigs or farm-raised control pigs is want those pigs

bornbynaturalnans andraisedwiththe sowundernornal farm con-

ditions.

by disease-free pigs is meant those pigs which are obtaimd by

tustsrectau and raised in a previously cleaned and disinfected en-

vircunntawayfromcontactwithotherswim. The originalpurposs of

disease-free pigs ms to break the infection gels of certain.“ .

swine diseases such as viral pneumia of pigs ,(YPP), atrophic rhinitis,

and trannissible gastro-enteritis (TE) of pigs. . Tiny are. therefore

“free" of certain specific diseases. The term specific-pathogn-fiee

(SP!) is often applied to these animals.



mm: 0! LITERATURE

Historical Aspect

Historically the idea of growing plants and animals free from

living microorganisms received its initial impetus from the work of

Duclaux (1885), who attempted to grow beans in sterile soil. In the

sam Journal, Louis Pasteur (1885), in co-ntim on melaux's paper,

expressed the opinion that higlmr life withait bacteria would be

impossible. he suggested that the chicken be used to prove his point

since the egg would lend itself nicely to such an experimnt.

hencki (1886) disagreed with Pasteur and predicted that when the

chicken was raised free of microbial life, as Pasteur had proposed, it

would be more active than the one with bacteria in its digestive canal.

nie opinion was that bacteria produced toxic materials which were hern-

ful to the growing animal. '

The transition from the theoretical to the practical in .this con-

troversy was made by Nuttal and Thierfelder (1895-96, 1896-97) , who

succeeded in raising guinea pigs obtaimd by Caesarean section for a

period of 8 days in a modified bell Jar apparatus. These guima pigs

were determimd to be free of microbial contamination by direct exami-

nation of excreta and intestinal contents and by the culture techniques

then available. The same authors (1897) failed in attempts to raise

chickens free from bacteria. may were the first to express .the possi-

bility that this technique might be used ..to study the effect of pure

4:1-
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cultures of pathogenic and non-pathogenic bacteria on the otherwise

germfree animal.

Schottelius (1899, 1902, 1908, 1913), following experimnts in

which he attempted to raise chichens without bacteria, took issue with

luttal and Thierfelder and again championed the idea that life without

bacteria was impossible.

Cohendy (1912) , working in the laboratory of Matchnikoff, succeeded

in raising chickens ties of bacteria for periods up to ’15 days and

Cohendy and Wollman (1911:) raised yrmfree guima pigs for 29 days.

n'ister (1913,1915) who was a student and assistant of Schottelius

at the University of Preiburg, succeeded in raising a goat obtained by

Caesarean section for 35 days in the absence of bacteria. Attempts

were being made at this tine to raise other forms of life free iron mi-

crobial contamination. Dutchnikoff (1901) and Wollman (1913) experi-

mnted with germfree tadpoles.

In 1922, Cohendy and Wollmn used the germfrea guinea pig to study

a nutritional entity, scurvy, and an infectious entity, cholera.

In 1928, workers at the University of llotre Dame began experi-

nenting with germfiee life and their interest and work in this field

has continued unabated since that tine. Reyniers (1918) described this

early work in a symposium held at the Ihiversity of lotie Dean in 1939.

lunerous species of animals have now been raised free of bacterial

contamination, ranging from the platyfish propagated by Baker and

Ferguson (1912) to the monkey which was zeared under germfiee conditions

by Reyniers (1911-2) .
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The Microflora of the Intestine

Tb main habitat for bacteria in an animl is the intestinal tract.

Thus it is this tract and its contents which serve as a source of inocu-

lum for the htermination of the presence orabsence of microbial life.

Several papers have appeared giving the normal microflora of the

intestinal tract of the pig. Table 2-1 gives the bacterial counts of

swine faces as compiled from the recent literature. It can be seen that

the numbers of aerobic and anaerobic forms each vary from 108 to 109

organisms per gram of faces. The other groups vary from 101‘ to 109

organisms per gram of feces.

Other workers have made studies of specific groups of organisms of

the intestinal tract and have determined the most prominent species in

the particular group of bacteria that they were studying. Raibaud and

Caulet (1957a, 1957b) characterized the lactobacilli and streptococci

which they found in swine feces. Raibaud, Caulet, and Mocquot (1957)

studied the lactobacilli and the coliforms and Pewkins g_t_ g. (1957)

investigated the lactobacilli and the streptococci found in swine faces.

The flora of the intestinal tract is not constant but is subject

to variations. The diet my affect the kinds and nuubers of bacteria

found as sham by Call at 31. (l9h8a) in mice and- even the genetic

mine-up of the animal say have an effect on this bacterial population

as shown by the sane authors in 191181;. Wilbur and associates (1960)

have also demonstrated that the diet fed pigs may affect the bacterial

population of the feces.

Whether tie flora of the intestinal tract is harmful or advan-

tageous to the animal has been and is still controversial. This

problem has more than one facet and camot be anmred simply.
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Johensson and Sarles (1989) , in a review paper, discuss the biological

inwortanoe of the intestinal micro-organisms. alffice it to sq that,

as early as 1911:, Cooper observed that alcoholic extracts of feces from

chickens and rabbits would. cure the polymuritis of piaons fed polislnd

rice. This was confined by Portier and Randoin in 1922. This demon-

strated that the fecal microflora produces santhing of nutritional

value forthe animal. (hithe other hand, itwas shownbyCoates 939.1.

(1951) that antibiotics fed to chickens in a "contaminated" environnnt

resulted in an increased rate of growth. When antibiotics were fed to

chickens raised in a "clean" environment, there was not an increased

rate of growth. This inwlied that the antibiotics mdified the intesti-

nal flora in a banner which prevented the growth depression due to the

"contaminated" envirounnt. The growth rate of the chickens raised. in

the ”clean" enviromnt was superior to that of the chickens raised in

the "contaminated" environmnt and was not affected by antibiotics.

Soon Qtritional Asmcts

The feeding of the gar-free animal is not a single undertaking.

Although mich is known regarding the nutrition of the usual animl-

microflora complex, very little is known about feedim tie animal with-

out its usual comlement of intestinal microbes. It is probable that

the poor growth responses obtained by the germfree animls of

Schottelius, huttal and Thierfelder, and Cohendy already cited pre-

viously, were due to poor nutrition.

(he of tin problems encountered is the destruction of vitamins by

the sterilisation process. Iucby at a__l. (1955a) reported an 80$

destruction of thiamine by steam sterilization and a 70$ destruction of

it when sterilized by cathode rays. losses of riboflavin, niacin,
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pantothenic acid and folic acid were 8, 3, 31, and 9.5$, respectively,

when times vitamins were subjected to steam sterilization.

Beyniers and associates (1950) stated that there is considerable

destruction of the vitamins, particularly thiamine, by steam sterili-

zation. They also demonstrated a 7.5$ loss of tryptopham following

steam sterilization.

Woetmnn (1959) noted a loss of 80$ to 90$ of the thiamine by

steam sterilization and probably not more than h0$ to 60$ loss of the

other water soluble vitamins. Be stresses the dangers of over-

fortification with vitamins, however, since some of the degradation

products of sterilization may be potent antivitamins. This is stated

to be particularly true in the case of thiamine since orythiamine my

be one of the products found. Sterilization by game radiation results

in the loss of amnnia as reported by Grominger and Tappel (1957). This

loss is probably brought about by the destruction of the 6-emin0 group

of the pyrimidine portion of the thiamine molecule. This may or may not

be the mechanism of breakdown when thiamine is subjected to steam steri-

lization.

There is evidence that at least scan of the B-vitsmins are synthe-

sized and excreted into the intestine in the absence of bacteria.

Dickey at a}, (1955b) observed that germfree chickens on a thiamine-

deficient diet were dying from the deficiency while excreting into tin

lower intestine enough thiamine to save their lives. Inchey gt a_1_.

(1955c) also found that the germfree rat, while receiving only 0.03

micrograms of folio acid per gram of feed eaten and having in its en-

tire body less than one microgram of folic acid per gram of body tissue,
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was excreting 100 to 500 micrograms of folic acid per day. This could

only have come frOm tissue synthesis of folic acid.

Morphology: and Other Characteristics of Germfree Life

Since the germi’ree animal is different from the conventional or

non-germfree animal by virtue of the absence and presence, respectively,

of microbial life in the digestive tract and elsewhere in the body, one

wonders whether other changes in the physiological and morphological

males-up might also be apparent. Externally the two animals look alike

and the growth rates and blood values are normal as shown by Gordon

(1955) in working with the germfree chick. Wostmn (1959) reports, on

the other hand, that the growth rate in the rat and muse is retarded

in the germfree state, particularly in the male animl. Be attributes

this effect on growth to improper nutrition.

80m internal changes have been observed both macroscopically and

microscopically. Rodents have been observed to develop an enlarged

cecum in the germfree state. This characteristic change which is the

bane of germfree research with the rodent was first observed by mttal

and Thierfelder (1896-97, 1897-98), who described the inflated or

puffed up cecum in their guinea pigs. Other changes that have been

observed are also associated with the digestive tract or with organs

not far remved from the vicinity of the digestive tract. ' Gordon (1959)

reports that the intestinal tract of the germfree animal weighs signi-

ficantly less than the digestive tract of the conventional animal. B

states that preliminary evidence indicates that the amount of con-

nective tissue in the intestine is partially responsible for this dif-

ference. He also states that some of this difference in weight might

be caused by a eligitly lower water content of the tissues of the
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intestinal tract of the germfree animl. A slight difference in water

content was demonstrated in both the chicken and the rat.

Another observation which is important and my be a contributing

factor in causing lesser weight of the intestines of the germfree ani-

mal is the smller amunt'of lymphatic tissue in the germfree animal.

This hypoplasia is reported by Gustaffson (l9h8) and Miyalcawa (1959) .

Gordon (1959) describes both a lesser weight of the lymphatic tissues

and a smaller concentration of lymphocytes in the lymphatic organs

closely associated with the digestive tract.

The change in weight of the intestinal tract, if due to the ab-

sence of bacteria, might also be expected in those animals in which the

bacterial population is reduced or altered by other means such as by

the administration of antibiotics. This has indeed been found to be

true by Coates gt a_l_... (1955), Hill 232. g. (1957), Jukes g_t_ 9;. (1956),

and Pepper 932. a__l_. (1953) in the chicken, and by Taylor and Harrington

(1955) in the pig. That this change is not caused by the antibiotics

themselves is demnstrated by Gordon and coworkers (1957) , who admin-

istered antibiotics to germfree chickens. They found that there was no

alteration in the morphologic picture or weights when the intestine of

a germfree bird fed antibiotics was compared to the germfree bird that

had not received them.
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In rearing the germfree animl it is necessary to remove the fully

developed fetus from the dam and transfer it to a sterile environment

using aseptic technique. Provisions must be made for supplying sterile

food and for repeatedly determining the bacterial status of the equip-

ment and animal. A sterile surgical isolator and rearing unit were

used to mintain sterility. An antiseptic lock provided an entrance

for the baby pig to the surgical isolator at the tire of the hysterec-

tony.

The Rearing Unit

The rearing unit (Figures 2-1 and 2-2) was approximately 6 feet

long, 2 feet high and 2 feet deep. The plastic was virnrl film 8 mils

(0.008 inch) in thickness. A plywood base was used to give the unit

greater strength and stability. A lara plastic ring placed in the

plastic wall on one side of the isolator provided an access door to

the interior of the unit. On the inside of the plastic ring, a plastic

cover, held on the flange of the ring with a heavy rubber band, served

as a door to seal the isolator from outside contamination. m the out-

side of the plastic ring a vinyl sleeve was attached; to this was also

attached a plastic cover. The sleeve provided an antechaflmr which

could be easily sterilized with peracetio acid vapor. It was used to

transfer sterile material into and remove waste mterials from the

isolator. When used for this purpose the item to be admitted was

4&9-



Fig. 2-l. --- The rearing unit showing the air filter at A, the air

supply tube at B, and the virul sleeve at C.

Fig. 2-2. --- The rearing unit showing tie reverse side of that in

Fig. 2-1. The two arm-length rubber gloves can be seen

in the side. (h the floor in the background can be seen

a Spencer Turbo Compressor for supplying air to the unit.
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sprayed with peracetic acid solution and placed within the sleeve. The

cover was placed on the sleeve and the interior of the sleeve filled

with peracetio acid vapor. After 30 minutes , the inside door was re-

moved and the item transferred into the isolator. The peracetic acid

was used as a 21 solution made up in distilled water.

01 the opposite side of the isolator (Figire 2-2) a pair of long

rubber gloves was provided which were used by the operator for neces-

sary manipulations within the isolator. Methods for attaching the

gloves to the isolator are given by Trexler and Reynolds (1957).

Air enters the isolator through a glass-wool filter as described

by Trexler and Reynolds (1957) and leaves through an air outlet trap

similar to that described by Trexler (1959).

Four stainless steel cages were wrapped in paper and sterilized

in an autoclave. They were then placed within the isolator, the paper

removed and the interior of the isolator and the cages sprayed with

the peracetic acid solution. Other materials were placed within the

isolator at the tins of the initial sterilizing of the unit. This

added material was sterilized by steam and transferred directly from

the autoclave to the isolator through a connecting lock. The material

added at this tim included towels, cotton swabs for sterility testing,

a supply of milk, vitamins and minerals, a pair of cotton gloves to be

placed over the rubber gloves when handling animals or am material

within the isolator, paper sacks for storing empty vitamin and mineral

vials, a file for tricking the glass vials prior to opening, and

hemostats, scissors, strim, and clamps used in the surgical isolator

at the tire of the hysterectony.
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All sterilizing of the isolators, the surgical isolators, and the

mterials that were placed within them as described in the previous

paragraph, was done by the staff of the 10de Institute, University of

lotre Dame for the first 3 experimnts describedherein.

The surgical isolator and the rearing unit isolator were con-

structed by Professor P. Trexler and Mr. Robert Raises of the

University of llotre Dane.

The §_i_rgical Isolator

The surgical isolator (Figures 2-3 and. 24) , also made of viml

plastic, was somewhat larger than the rearing unit. It was mounted on

a plywood base and equipped with an air filter and an air outlet. It

was provided with three pairs of shoulder-length rubber gloves for use

at the time of hysterectony. A door was provided at one side for

attaching a sleeve through which the pigs, after separation fran the

fetal mebranes, were passed into the rearim unit.

Ch the bottom and at one end was attached a rather rigid plastic

tube which extended into a tank of germicidal solution. This tank of

mmicide provided an antiseptic lock for the transfer of the uterus

of the sow to the interior of the surgical isolator.

The unit was prepared for use by covering the lower opening of the

ventral plastic tube with a sheet of plastic film. The door at the side

was provided with a plastic cover which was attached to the flange~ of

the door with a heavy rubber band as described for the rearing unit.

The interior of the unit was sterilized with a solution of peracetic

acid. The spraying unit for applying the solution was brought into the

isolator through the side door of the unit. After thoroughly spraying

all internal surfaces the plastic cover was placed over the opening



Fig. 2-3. --- The surgical isolator showing the door at A to which is

attached the rearing unit for the purpose of transferring

the baby pigs at the tine of the hysterectom. At B is

seen the rigid plastic tube which dips down into the

antiseptic lock.

Fig. 2-h. --- The surgical isolator showing the antiseptic lock in place.

At A can be seen the air filter and, at B, the air outlet

trap.
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and the rubber band placed over it and around the inside flange of the

door, thus securely holding the cover in place.

The isolator was then filled with peracetic acid vapor through a

small, rigid tube set in the end of the plastic isolator. Following

inflation of the isolator, the opening in the tube was closed with a

rubber stopper. Prior to sterilizing the unit, the air inlet had been

covered with a plastic film after thoroughly spraying it with the per-

acetic acid solution. Before using the isolator, the cover to the air

inlet tube is punctured with a sterile instrument from inside the

isolator.

The Antiseptic lock

The antiseptic lock (Figure 2-5) was prepared by lining a steel

Jamsway milk-can-washing tank with padding mterial and polyethylene

plastic film. The polyetln'lene film was attached to the rigid plastic

sleeve which extends from the bottom of the surgical isolator.

Twanty gallons of water, 1 gallon of Clorox bleach and 12.5 ml.

of M peracetic acid were placed within the plastic-limd tank.

When all preparations for the hysterectonw were completed, the

plastic film which previously had been placed over the bottom of the

ventral sleeve of the isolator was punctured, making the passageway from

the disinfecting solution in the antiseptic lock to the interior of the

surgical isolator couplets .

Germfree Technique

Baby pigs were obtained from healttw Yorkshire sows by hysterec-

tony using aseptic technique and transferring the pigs so obtained to

a sterile plastic isolator. (See Figure 2-6)
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Rig. 2-5. --- The antiseptic lock is a Jamesway milk-can-washing
tank. In use, this tank is lined with plastic and

filled with germicidal solution.



 

 

Fig. 2-6. --- The isolator equipment connected together preparatory

to the waterectomy. At A is the rearing unit, at B

the connecting sleeve, at C the surgical isolator and

at D, the antiseptic lock.
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The breeding date of the sow was usually known and near the termi-

nation of the gestation period she was carefully watchiéd for signs of

parturition. when milk could be obtained from the memry gland or at

the end of 112 days of gestation, the hysterectony was performd.

The sow was brought into the laboratory a day Or two before the

surgery was to be performed. (h the day. of surgery she was scrubbed

with soap and warm water using a brush for the purpose of removing the

gross filth. When preparations for the hysterectouy were completed,

the animal was hoisted by the rear legs till her head Just cleared the

floor. The abdonen was scrubbed with soap and water usirg first a

brush and later sterile gauze squares. The skin was dried with pieces

of gauze and a solution of Weladol (Pitmann Moore Conipam) applied to

disinfect the skin.

Directly after the application of the disinfectant to the abdonen,

the head and anterior part of the body of the animal were lowered into

a large tile sunken into the concrete floor. To the tile had pre-

viously been added several pounds of crushed dry ice to supply 002 for

gereral anesthesia. The sow was kept suspended with her head in the

tile for one minute. Sore struggling was noted at first but already

at one-half minute the amsthesia seeded quite couplets. After one

mimte she was raised to the previous position.

During the one-minute period of anesthesia induction, the disin-

fected abdominal area was sprayed with a surgical adhesive preparation,

Vibsive (Aeroplast Corporation, Dayton, mic), and a large piece of

sterile Kyla: film was applied. The length of the w-lar film was such

as to allow the end to extend from the abdomn of the sow into the tank
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of germicidal solution. This allowed the uterus, when removed from the

sow, to slide easily from the abdominal incision into the tank of germi-

cide without touching the skin of the sow or any other non-sterile

surface.

Employing aseptic technique, an incision was rude through the

this: film, the skin, fascia, miscles of tie abdominal wall, and the

peritoneum. The horns of the uterus were brought out through the in-

cision and a pair of Carnalt-type forceps was clamped across the neck

of the uterus Just anterior to the cervix. The uterus was then removed

by incising Just posterior to the attached forceps. The uterus, in-

cluding the attached forceps, was then gently guided down the rpm

film into the solution of the antiseptic lock. In the first attempt to

obtain germfree pigs the uterus was tied with sterile cord at the cer-

vix instead of using the abdominal. forceps before severing it from the

sow.

The uterus was subnerged in the antiseptic lock for 30 seconds.

It was then raised through the inlet tube of the surgical isolator with

the combined assistance of the gloved arms of the operator working in

the isolator and the gloved arms of the worlner pushing up on the uterus

from within the tank of disinfectant.

In the isolator, the uterine wall was opened by tearirg the

mscles with the gloved fingers and with the aid of scissors or prefer-

ably the not-as-sharp tips of a pair of hemostats. All the pigs were

rapidly taken from tln uterus and the placental Wrens-s renioved. The

mouths were opened and the throats cleared of the viscous amiotic

fluid with the fingers. Artificial respiration was applied to each pig

by alternately pressing and releasing the rib-cage.



-61-

Clamps were applied to the umbilical cords several inches from tb

body shortly after the placental mmbranes were removed fran the pigs.

After it was ascertained that the pigs were alive and breathing, the

umbilical cord of each pig was tied an inch from the body with sterile

string and the cord severed.

When the unbilical cords had been ligated and severed, the uterus,

placental mmbranes, and dead pigs were dropped through the rigid tube

in the floor of the isolator and a cover placed over the opening.

The live pigs were wiped with dry towels and particles of adhering

mafiranes were removed from the skin. Just before passing the animals

through the connecting sleeve into the rearing unit, they were wiped

with a towel soaked in warnine (Rohm and Haas, Philadelphia,

Pennsylvania). They were then passed to the rearing unit where they

were individually confined in the stainless steel cages.

After placing the cover over the inmr opening of tin ccmecting

sleeve and securing it with a heavy rubber band, the sleeve was removed

from the surgical unit and a plastic cover also placed over the end of

the sleeve. The interior of the sleeve was then sterilized by spraying

peracetic acid vapors into it through small tubes set into the side of

the sleeve; the tubes were subsequently closed with rubber stoppers.

Feegg the Germfree Pig

The pigs were fed within several hours after placing them in the

cages». They were fed 1} tines a day: at 8:00 A.M., 12:00 noon,

5:00 P.M. and 10:00 P.M. The amount of milk fed depended on how mach

they were consuming. The initial feeding was usually about 100 ml.

If milk was left in the pan,at the next feeding, less milk was offered.
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When.the amount given.was consumed, it was gradually increased, At

about 1 week to 10 days of age, feedings were reduced to three by dis-

continuing the one at 10:00 P.M. At the termination of the experimnt

at 21 days, the pigs were eating about 700 ml. or more of’mdlk a day.

The diet fled consisted of commercial, vitamin-D fortified, pasteur-

ized cows' milk obtained from the university dairy. This milk was

sterilized tn two-quart quantities in.twe-liter Square-Pak'bottles db-

tained from the American.Sterilizer Company. The caps on these bottles

allowed the escape of the expanding gases during the steam sterilization

but prevented.the influx of air after the steam.pressure was reduced.

The milk was sterilized.fcr 28 minutes at 17 psi (pounds per square inch)

steam pressure. 80m boiling over of milk was encountered which neces-

sitated washing the outside of the bottles to remove the dried milk

solids prior to spraying them.with peracetio acid.at the time of intro-

duction into the isolators. It weuld.have'beenfibetter, perhaps, to use

less milk in each Square -Pak when sterilizing to decrease the problem of

boiling over.

Fortification of the diet with supplementary vitamdns was necessary

since it had been shown by luckey (1959), luckey 93 3;. (1955) and

Beyniers gt a. (1950) that up to 90$ of the thiamine and considerable

proportions of other vitamins were destroyed during the sterilization

process. The vitamin mixture used in this study (Table 2-2) is a modi-

fication of that used by Reber a; 5;. (1953) . It was modified to assure

that enough vitamins weuld.be present after allowing fer 90$ destruction

of the thiamine and 50$ destruction of all otlnr vitamins. Tb solution

of vitamins was placed into glass ampules in 10 ml. quantities, sealed

with a burner and sterilized with steam for 15 minutes at a pressure of

15 psi .
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TABIE 2-2. --- Vitamin Mixture used to supplemnt milk diet

 

 

Vitamin!" amount/5 ml.

 

VitwnAz. 00.0.00.........OOOOOOOOOOOOOOOO 1&0 IOU.

vitamin D3' ..........................I ...... 2&0 LU.

Yitamith’ ............................ 2.0m

Vitamin K ........ g........................ 0.5 mg.

Thiamine Hydrochloride ..................... 3.0 mg.

Riboflavin '. ........................... .. .. . - 1.2 18.

Pyridoxim . . . . . ........................... h.0 n3.

licotinicjtcid ..... . ............. . 5.2 mg.

CalciumPantothenate h.0mg.

Inositol ....... . ............... . ........ 20.0 mg.

Para-aminobenzoic Acid ...... . ........ . ..... 3.2 as.

Choline . ............................... ' 260.0 mg.

Folic Acid ............. . ........... . ..... 0.1 mcg.

VitaminBlz ............................ 52mg

Biotins' ..... .. . ...................... h? 2 mcg

 

1. All vitamins from bro): and Compam, Bahway, l. J.

unless otherwise indicated. '

2. P6-250 Dry Vitamin A. Distillation Products Industries.

3. Viosterol, lutritional Biochemicals.

1}. Alpha Tocopherol Acetate.

5. Hoffmann-Ia Roche Inc. New York.
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TABIE 2-3. --- Salts solution 151°

 

 

Component Ins/ml-
 

Solution A

KHzPOh ....... . .......... ........... ..

MQEPO

KI .....

SolutionB

RSO" 0.000.00.00.00.00.........OOOOOOOOO

HnCleJlflzO ..........

Ferric Amonium Citrate

CoCl2 . 6 320 .................................

176.0

180.0

0.h

lh.0

h.0

2h.0

2A;

5.2

0.8

 

1. From Pleasants, J.R., Annals N. Y. Acad. Sci

TABIE 24$. --- Vitamin B mixture 1031

a: w :_

Component

. 78: 116, 1959.

A ms-/3 m1-
 

Thiamim Hydrochloride

Riboflavin

Pyridoxim Hydrochloride ......

Hiacinamide ..... . ....... .

Calcium Pantothenate ................. .........

Choline Diwdrogen Citrate ..... . .......

Polio Acid

Inositol

Vitmnm 00.0.00.............OOOOOOOOCOCOOO.

3.0

1.0

1.0

2.5

12.5

100.0

0.025

0.25

100.0

0.025

 

1. From Pleasants, 1959.



-65-

A mimral supplement was also added to the milk. In the firat

experimnt in this study, both t1» vitamins and minerals were supplied

by Professor Trexlsr of the Iobund Institute, University of Notre Dame.

These are described by Pleasants (1959) and their compositions are shown

in Tables 2-3 and 24;. The supplemnts for Experimnt l were supplied

in sterile ampules as solution A and solution B for the mineral supple-

mnt and in single sterile ampules in the case of the B-vitamin mixture.

These were added to the milk in amounts of 7.5 ml. of solution A and

15 ml. of solution B and 15 ml. of the vitamin B mixture to each quart

of milk. V

In Bxperinents 2 and 3 the vitamin mixture given in Table 2-2 was

used. In these experimnts only solution B of the mineral mixture, to

which was adbd the potassium iodide, was used. Solution A was discon-

tinued since it was felt that the large quantities of phosphorous salts

present midlt be at least partially responsible for the semi-fluid con-

sistency of the feces observed in the pigs in lxperimnt 1. In view

of the fact that the pigs in these studies were to be sacrificed at the

end of 3 weeks, it was felt that no serious phosphorous deficiency would

result. The mineral mixture was placed into ampules in 15 ml. quanti-

ties, sealed with a burner and sterilized with steam for 15 mimtes at a

pressure of 15 psi. The supplemnts were added to the milk within the

isolators at the rate of 5 m1. of the vitamin mixture and 7.5 ml. of the

mimral mixture to each quart of sterilized milk.

Bacteriological )bthods

Examination of animls raised under farm conditions

)bthods for obtaining and culturing the feces of farm-raised pigs

were essentially those of Iarson and Bill (1955). fecal samples were
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collected in the morning from 5 P188 chosen at random from each litter

examined. Aliquots from each sample were mixed and from this composite

a l-gram samle was taken and used for preparing appropriate dilutions

in sterile water blanks.

All plates were prepared in triplicate and tubes for the estimation

of most probable numbers were inoculated in a single series of 5 tubes

per dilution. The following differential mdia were used: for coli-

forms, violet red bile agar (Difco); for total anaerobic and- total

aerobic counts, Eugon agar (BBL) to which was added cows' blood in pro-

portion of 10 ml. of blood to 100 ml. agar; for lactobacilli, 138

medium (BB-L) of Rogosa- _e_t_ 2.1.- (1951) ; for clostridia, a modified

Wilson-Blair nedium (Thompson, 1939) 3 for fecal streptococci, S! mdium

(Difco); and for yeasts, potato dextrose agar (Bifco).

Cultures for total anaerobes were incubated in a Brewer anaerobic

Jar. Following the insertion of the cultured petri plates into the Jar,

it was exhausted of air and the air replaced with nitrogen.

Examination of Ermfree animals

Except for the first attempt to obtain gemfree pigs, the India and

techniques used for bacteriological examination of germfree animals were

the sane as those described for the pigs raised under farm conditions.

A difference. was the source of mterial used for the inoculation of the

culture mdia. During the course of the 21“!” experimnts a source of

inoculum was the mixture of feces, urine, and spilled milk in the tray

bemath each cage. This was collected in sterile screw-capped vials of

about 10 ml. capacity and passed out of the isolator at the: tin it was

entered for the purpose of introducing milk. In addition to the seals

from the tray, a sterile swab was inserted into the rectum of each pig
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and then placed along with the adhering feces into another screw-capped

vial. All tubes containing material for culture were placed within the

empty Square ~Paks on which tb cover was then secured before the Square-

Pak was, placed into the connecting sleeve of the. isolator. The purpose

was to protect the material to be cultured from the germicidal effect of

the peracetic acid tunes with which the sleeve was filled before opening

it from the outside. '

The inocula were tabn to the laboratory where the fluid materials

from the trays were inoculated without dilution into the various nedia

described for the examination of animals raised under farm conditions.

The swabs were streaked on Eugen agar blood plates which were incubated

at 37° C. under both aerobic and anaerobic conditions for at least '

2 weeks before discarding them as mgative.

In addition to bacteriological cultures, snare and wet mounts were

prepared from all mterial taken from the isolator including tie rectal

swabs. The shears were staimd with Gm's stain and the wet mounts

were examimd unstained for the presence of motile organisms.

At the end of the 21-day experimntal period, at the tin of

necropsy, fecal mterial was obtained from all pigs and examined by the

procedures described.

The cultural procedures used in Experimrrt 1 were not as elaborate

as those used in Bxperimnts 2 and 3 or for the farm-raised pigs.

Cultures were made on Eugen agar blood plates which were incubated both

aerobically and anaerobically at 37°C. In addition, tubes of thic-

gLycollate indium without indicator (Difco) were inoculated with both

feces and materials from the trays. These tubes were incubated at 37°C.

for a period of 2 weeks during which interval, several Gram-stained



.68-

preparations from each tube were examined for the presence of bacteria.

At the end of the 2-week period, subcultures were made on Eugon blood

agar and incubation carried out under both aerobic and anaerobic con-

ditions.

Patho cal hthods

Blood samples were taken from the pigs prior to necropsy. An

selenium-potassium oxalate mixture was used as the anticoagulant. Emo-

globin values were determined using the cyanaethemoglobin rethod and

henatocrits were determined using the nicro-benatocrit netted. Total

leukocyte and erythrocyte counts and differential leukocyte counts were

ads.-

Pigs were anestlntized by the intravenous inJection of pentobarbi-

tal and exeanguinated. Following death, the intestinal tract was re-

moved and the intestine freed from its msenteric attachnnt by cutting

the latter close to the intestine. Pieces of tissue were saved from the

sum areas as in Part I of this thesis (see Figure 1-2). Specimns were

fixed in both Zenker's fluid and 10$ formlin. Bouin's fluid was also

used in a few instances.

The tissues were prepared for sectioning by deludrating with al-

cohol, clearing with xylene, and infiltrating with and exiledding in

paraffin. Sections were cut at 6 microns and h to 5 serial sections

were affixed to each slide. hematoxylin and eosin were used as the

routine stains. Special stains were used on selected tissues. All his-

topathological procedures are described in the lamal of Histology and

figcial Stai_n_ig Technics of the Amd Forces Institute of Pathology,

Washington, D. c. 1957. '



RESUIE'S

Fecal Flora“M

The microbial flora present in the feces of 12 litters of farm-

 

raised pigs is shown in Table 2-5. The total numbers of aerobic and

anaerobic forms present were in each instance in excess of one billion

organisms per gram of fresh, moist feces. The numbers of enterococci

and clostridia present per gram of feces were each in excess of one

million organisms. Coliforms numbered about one hundred million

organimns per gram and lactobacilli about one billion per gram. Yeasts

were present in only small numbers but in mm instances the culture

plates were impossible to read because of overgrowth with molds. It is

interesting to note that the average count on the twenty-first day was

not too different frcn that obtained on the tenth day. '

(he litter of disease-free, pigs (5 animals) was examined and the

maker of organisms present in the feces at 21 days determined. The

number of organisms present is quite similar to that found in the pigs

raised under farm conditions: the number of lactobacilli was less by a

factor of 100 and the mines:- of clostridia was less by a factor of more

than 1000. It is not possible, however, to place much significance on

these values since these results are from a single litter and might have

been quite different if more litters had been examined.

Table 2-5 also shows the results of the examination of gnotobiotic

control animls in the germfree experimnts. Fecal cultures were mde

of 2 animls derived by the technique used for obtaining germf-ree

.59..
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TABI! 2-5. --- Fecal microflora of young pigsl

Aer- Anaer- Coli-

Idtter 2 obes obes forms

Entero- lacto- Clos-

cocci bacilli tridia ~Yeasts

Log of maker of organismsjgram of fresh sample

 
 

3-13 10 10.27210.677 8.876 --- 10.019 5.130 3.522

21 9.199 9.568 8.167 5.278 8.5110 6.693 «-

H-rh 10 8.962 9.000 8.181 6.708 8.218 6.0“ 3.113

21 9.279 9.389 8.620 6.3h7 9.086 6.161; 3.367

n-15 10 9.529 9.1018 9.009 7.206 9.312 5.101 ---

21 9.272 9.20h 8.591 7.708 8.h81 5.653 ---

H-16 10 9.765 9.625 9.3h9 6.31:7 9.250 6.371; ---

21 8.638; 9.053 8.305 3.301 8.529 6.672 «-

n-18 10 9.126 9.176 8.80h 6.3h7 9.619 5.568 ---

21 9.120 9.3119 8.935 h.708 --- 5.653 ..--

H-19 10 9.t0h 9.5.1.7 8.839 6.31.7 8.037 5.817 2.518

21 10.027 10.021; 8.776 6.31:7 9.626 6.865 «-

BH-90 10 9.167 9.10.7 9.113 6.3h7 9.271 5.552 ---

21 9.598 9.1182 7.509 5.708 9.333 6.8“ ---

311-91 10 9.271 9.732 8.787 5.3h7 8.678 5.271 ---

21‘ 9.613 9.505 7.881 6.708 9.235 .6.755 «-

cur-10h 10 9.165 9.225 8.707 6.206 9.18h 8.h88 2.875

21 8.028 8.585 7.50h 5.962 7.696 6.832 1.220

cur-106 10 9.888 9.1m; 8.713 --- 9.913 5.579 1.301

21 8.591 8.213 6.859 --- 7.656 5.1186 2.000

Dar-107 10 9.312 9.008 7.675 6.206 9.035 7.753 2.111;

21 8.535 8.2h3 8.51h --- 8.355 6.702 1.000

0111-117 10 9.915 9.980 8.82h --- 9.637 7.207 ---

21 10.26 8.591 8.135 --- 9.583 6.539 ---

Average 10 9. 9.882 8.896 6.571 9.1811 6.83; ---

21 9686 9.385 8.372 6.88h 9.119 6.598 ---

Disease-

froe 21 9.083 9-267 8-961 --- 7.785 3.000 ---

Gnctobiotic

controls 21 9.039 9.022 8.68h 6.3h7 5.800 6.2h7 ---
 

J'All litters are farm-raised with the exception of the disease-dies

and the gnotobiotic controls. All litters represent 5 pigs with

the exception of gnotobiotic control group which represents 2 pigs.

2Age in days.
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animls but raised in Open pens. These animls were fed the same feed

as were the gnotobiotic animals. The microflora present in these ani-

mals was essentially the sane as that present in the animals reared

under farm conditions. An exception to this is noted in the case of the

lactobacilli, which are less by a factor of 10,000 when compared to the

pigs raised under farm conditions and by a factor of 100 when compared

to the disease -free pigs.

Experimnt l. Gnotobiotic Pigs, Staphylococcus aureus Contaminated.

moroscopic and Hematolggical Observations

The first attempt to obtain germfree pigs was made on my 17, 1960.

 

with the aid of personnel from the Lobund Institute, university of

llotre Dam, and employing the equipment and techniques described above,

7 baby pigs were obtaimd and placed into the previously sterilized

plastic isolator. m M 19, fecal smears from the pigs showed the

presence of Gram—negative rods. Three of the pigs were taken from the

isolator and placed into open cages where they were fed the same diet

that was being fed to gnotobiotic litter mates and served as controls

for the gnotobiotic pigs. All pigs were fed 3 tines a day. They

showed variable interest in the milk, some days eating well and on

others eating only a portion of that fed. The amount fed varied

from 100 to 150 ml. per feeding depending upon whether the portion fed

at the previous feeding had been completely censured or not.

m the fourth day, a somwhat sour odor was detected at the air

outlet of the isolator. This sourness disappeared after several days

and the spilled mill: which was found in the pans below the aninels‘ and '

the mill: which remained in the feed pans from tine to tide was never

coagulated .
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The posterior parts of the legs and thighs of the gnotobiotic pigs

were covered with fluid feces which had a dark reddish-brown color.

The feces were never formd but throughout the period of the experiment

were consistently fluid in nature.

are of the gnotobiotic control pigs had an intermittent diarrhea

throughout the experimnt. Its feces had a yellowish color and con-

tained yellowish semi-solid material sonewhat suggestive of coagulated

milk. The other 2 gnotobiotic control pigs had well-formd feces of a

normal brown color.

At 17 days of am the pigs were removed from the isolator, blood

samples were taken for morphologic studies, and. the pigs were anesthe-

tized with intravenous sodium pentobarbital and exeanguinated.

Fecal samples were taken from each pig by means of a sterile swab

inserted into the rectum and samples of the contents of each tray of

excreta were taken prior to the removal of the pigs from the isolator.

Cultures made from the feces and from the contents of each pan of ex-

creta on blood agar and in thioglycollate broth and incubated for

2 weeks at 20, 37, and 59°C. showed the presence of an organism which

was classified as Sta lococcus m.

lie-examination of the slides mde on May 19 failed to reveal the

presence of Gram-negative rods as originally reported. It is conjec-

tured that needles of crystallized safranin which were present might

have been mistaken for the Gran-negative rods which were reported at

that tine.

Results of the blood studies on the gnotobiotic pigs, the gnoto-

biotic controls, and the farm-raised pigs are given in Table 2-6. Two

samples of blood from the gnotobiotic pigs clotted due to insufficient



TABIB 2-6. --- heretological values on gnotobiotic pigs (g. aureus

contaminated) and their controls at 17 days of age.

 

 
 

Pig. no. wt.1 Sex? ab? sct3 mac" “c5351. u s
 

Gnotobiotic pigs, _S_. aureus infected

 

h-D6261 3.7 1 Sample clotted

5426262 h.5 n 10.9 3h 6.05 7.60 39 60 o 1

6426263 11.3 r 11.3 38 5.72 h.80 27 72 1 0

7-D626h 3.8 11 Sample clotted 56 1+3 1 0

 

Gnotobiotic control pigs

 

141629 2.8 n 10.3 27 3.55 9.70 50 5 .
.
.
:

0

2416250 h.2 n 12.5 37 5.08 10.05 51 \S
'

3-116251 3.5 n 7.2 2h 2.81; 29.6 67 32 1 0
 

Fundraised control pigs

 

13-n1h71 12.3 n 9.0 32 n.62 6.9 17 83 0 0

114111177 13.3 r 10.9 37 M7!» 6.6 2h 7h 0 0

15-D1h89 12.0 M 11.2 38 5.16 6.0 1.8 80 0 0

 

Jweight in pounds.

asenegiebin in grans per 100 ml. of blood.

3Benatocrit in cell volumes per 100 volume of blood.

ocytes in millions per cubic nillineter.

5leukocytes in thousands per cubic millimter.

6Percentages of neutrophils (I), lynphocytes (L), monocytes (M),

basophils (B), and eosinophils (I).
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agitation following the placing of the blood into the vials, rating it

impossible to get blood counts on these enimls.

Post-marten examination of the gnotobiotic pigs revealed what

appeared to be a hencrrhagic exudate in the posterior third of the small

intestine. The affected area of the intestine was covered with this

reddish-brown exudate which could not be readily washed off with a

gentle stream of water, but could be scraped off quite easily, revealing

normal-appearing intestinal moose beneath.

The wall of the spiral colon appeared to be quite thin. When

cutting the connective tissue between the coils of the colon with scis-

sors for the purpose of extending it for masurenent, the wall of the

intestine was penetrated in nuIerous places. This did not occur when

cutting the connective tissue between the coils of the colons of the

gnotobiotic control pigs or of the fem-raised pigs.

lone of the pigs raised under farm conditions showed an moro-

scopic abnormalities at the tine of necropsy.

Observations at the Microscopic level

a. he esophagus

The esophageal linens of the gnotobiotic pigs were devoid of bac-

teria whereas in both the littermate controls and the fan-raised pigs,

bacteria were present. A colony of staphylococcus-line organisms was

noted in the keratinised layer of the esophagus of one of the gnoto-

biotic pigs (Figure 2-7) . lo inflemtory reaction was noted around

this bacterial focus.

b. The stench

lo differences were noted smug the. etc-ache of the gnotobiotic

pigs, the gnotobiotic controls, and the farm-raised control pigs.
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Fig. 2-7. --- Colony of staphyMocci (arrow) in the superficial

layer of keratin near the lunar of the esophagus in

a gnotobiotic pig (g. aureus contaminated).

s a. r x 1600.



c. The duodenum

Fewer goblet cells were present in the duodenal glands of

Lieberkuhn of the gnotobiotic pigs and the gnotobiotic control pigs

than in the farm-raised pigs.

d. The Jgjunum

to differences were noted in the JeJunums of am of the pigs.

e. The ileum

In the ilea the mJor difference was in the lymphatic tissue. The

gnotobiotic pigs (Figure 2-8) and their littermate controls had rela-

tively smaller amounts of lymphatic tissue in the Beyer's patches than

did the farm-raised pigs (Figure 2-9). The lymphatic tissue was

arranged in sorewhat discrete nodules in the gnotobiotic pigs and the

gnotobiotic controls. In the farm-raised pigs it was present in web

greater quantities and wasmore confluent. . '

Another difference noted was extensive vacuolization in the epi-

thelium of the villi of the gnotobiotic pigs (Figure 24-10) and their

litter-ate controls (Figure 2-11). The vacuoles had not been filled

with mcin because neither the PAS reaction nor Heidenhain's mucicar-

mine stain indicated the presence of mcin here although the goblet

cells present reacted well to these stains. The ilea of the pigs

raised under farm conditions did not show such vacuolisation (Figure

2-12). ‘

f. The cecum

A golden-brown pignnt was noted in the cytoplasm of the epithe-

lial cells which lined the lumns of the case of the gnotobiotic pigs

(Figure 2-13) and to a lesser extem: in the cecal epithelium in the

gnotobiotic control pigs. The pignnt was noted only in.those



Fig, 2-8. --- Peyer's patch in ileum of a gnotobiotic pig

(g. aureus contaminated). lots the souwhat

nodular arrangement of the lymphatic tissue.

H 8: E. I 30.

Fig. 2-9. --- Ileum of farm-raised control pig showing

similar area to that in Fig. 2-8. lots the

large amount of lymphatic tissue and its ten-

dency to be confluent rather than nodular in

arrangemnt. H a F I 30.



7.!!! l 7 .l -. 7 li.-:-f--i

 



.8unamin?one«o58sunshine

emuunabacbnanouvaudaosen>,eeauaoouoanymadrona

Aeoaandssnnoeassume.mvmamcapsunevonmsongsneaHnun..oanm.m«h

 

our....
..

“other...3
.rr

.In.”
‘

.émaén....a

yam..

in.new.$7.
1v‘.xa

 

um»-



 

-80-

U
a
L
k
I
e
r
/
H
r
}
1
1
h
,

.
.
.
n

.
..

”
(
l
a
t
-
4
.

 

vacuolisation of epitlelial cells of villi.

Fig. 2-11. --- Ilsum from gnotobiotic control pig showing

I 80.H85!



 

Fig. 2-12. --- Ileum from farm-raised pig showing absence

of vacuolization of epithelium. H as E x 80.



e2-

 

Fig. 2-13. --- Pignnt in the epithelium of the cecum. lots

(arrow) the piglent in the cytoplasm of the

epithelium merest the lunn of the intestine.

Prussian blue stain followed by- E a E X 1100.
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epithelial cells which had intimte contact with the contents of the

cecum. Those cells which lined the middle or fundns of the intestinal

gland did not contain it. The piannt was not noted in the farm-raised

control pigs. It gave a positive test for iron by the modified

Hillary's stain for iron and a negative stain for bile when stained by

t]: nethod of Stein.

More deeply situated in the mucous mmbrans of the cecum in the

connective tissue strom were noted a few macrophages which contaimd a

similar brownish pignent. This pigmnt also gave a positive reaction

for iron and a negative reaction for bile. The pignsnt-containing mac-

rophages were seen only in the gnotobiotic pigs and in the gnotobiotic

control pigs, but never in the farm-raised pigs.

g. The spiral colon

No differences were noted in the spiral colone of am of the 3

groups of pigs.

h. Terminal colon

A brownish pigment similar to that seen in the cecum was present in

the epithelial cells lining the lunen of the terminal colon in the gno-

tobiotic pigs but was not present in the gnotobiotic controls nor in the

(farm-raised pigs. In all instances when the pignent was noted in the

epithelial cells, it was also present in the more deeply situated

macrophages .

Experiment 2. (hiotobiotic Pigs, Bacillus _sp. Contaminated
 

horoscopic and hematological observations

The second attempt to obtain germfree pigs was nude on July 25,

1960. Using the technique previously described, 6 baby pigs were ob-

tainsd from a Yorkshire sow. Four of them were placed in cages in a
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sterile rearing isolator and 2 were placed in Borsfall-Bauer units. One

of the pigs in the rearing isolator accidentally bled to death within

the first 2 hours from a tear in the umbilical cord.

for the first 10 days the animals were fed h time a day 1n amounts

varying from 120 to 150 ml. per feeding. At 6 days of age the 2 control.

pigs were removed from the Horsfall-Bauer units and placed in open cages

in the sen room as the pigs in the plastic isolators. Beginning at 10

days of age, the pigs were fed 3 time a day and the amount of milk fed

was increased until each was receiving 200 ml. per feeding.

These pigs appeared well at all times with the exception of one

control pig which ate poorly for the first 7 or 8 days. At about 1 week

of age, this animal started to eat and, to all outward appearances, was

similar to the other control pig.

The feces of the pigs within the isolator were fluid to semi-fluid

at all time and were somwhat reddish-brown in color. The feces of the

2 control pigs were usually formd and quite dry in appearance. The

color was usually dark brown and never the reddish-brown seen in the

gnotobiotic pigs.

At 17 days of age the pigs were removed from the isolator and fol-

lowing collection of blood samples were anesthetized with sodium panto-

barbital and exeanguinated. Fecal samples were taken from the pigs and

from the trays beneath the cages for bacteriological examination. Fecal

samples were also taken from the gnotobiotic control pigs.

Cultures were made on Rogoea's agar, potato dextrose agar, S!

nedia, violet red bile agar, and on modified Wilson-Blair mdium with

negative results. Cultures were also made on blood agar and incubation

carried out at 37°C. The blood plates were inmbated under both aerobic

and anaerobic conditions.
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Bscterial growth occurred on the blood agar under aerobic con-

ditions and to a slight extent under anaerobic conditions. The organism

growing under anaerobic conditions grew better when placed under aerobic

conditions. The organism was isolated from all the trays and from all

of these gnotobiotic pigs. It was considered to be one organism because

the different organisms isolated were the sam morphologically and gave

identical biochemical reactions. This organism fernented glucose, manni-

tol, and sucrose but not lactose, glycerol, or xylose. It caused lique-

faction of gelatin, produced acetyl-nethyl-carbinol and catalaee. It

did not grow in litmus milk nor did it use citrate as the sole source of

carbon. It was nonmotile, Gram-positive, and produced cylindrical,

centrally-located spores. It was classified as belonging to the genus

Bacillus.

Table 2-7 gives the results of the hematological examination of the

gnotobiotic pigs, the gnotobiotic controls, and the farm-raised control

pigs.

Postmortem examination of the gnotobiotic pigs revealed no differ-

ences from the fern-raised pigs with the exception that the distal one-

third of the small intestine of the gnotobiotic pigs contained reddish-

brown mterial which appeared to contain some blood. This reddish brown

material could be removed by gentle scraping, leaving fairly normal

appearing mucosa beneath. The contents of this portion of the small

intestine in the farm-raised pigs wu'e light brown in color. The con-

tents of the colon and rectum were semi-liquid in consistency and

reddish—brown to brown in color in the gnotobiotic pigs and the pos-

terior portion of the pig including the hind legs and thighs were

covered with this brownish, fluid, fecal material.



TAB]! 2-7. --- nemtological values on gnotobiotic pigs (Bacillus

sp. contaminated) and their controls at 17 days of age.

Pigno. we! Sex use Hot.3 macE ws'c5 F I. u 13 r.

Gnotobiotic pigs, Bacillus 5p, contaminated

 

 

6R7 5.2 ' r 8.h 29 5.83 6.05 33 6h 2 1 o

6&8 8.6 14 8.8 32 5.85 3.80 30 7o 0 o o

6&9 11.9 14 ~8.8 30 5.71 11.75 33 66 1 o 0
 

Gnotobiotic control pigs

 

650 5.0 u 7.5 30 5.98 18.65 78 19 3 o o

651 5.0 r 8.1 29 6.16 h.80 31 67 1 o 1

 

Farm-raised control pigs

 

1111171 12.3 14 9.0 32 h.62 6.9 17 83 o o 0

1111177 13.3 r 10.9 37 h.7h 6.6 eh 7h 0 o 2

1111189. 12.0 n 11.2 38 5.16 6.0 18 80 o o 2

1Weight in pounds.

2buloglebin in grams per 100 ml. of blood.

3Kenntocrit in cell volumes per 100 volume of blood.

ItErythrocytes in millions per cubic millimeter.

5leukocytes in thousands per cubic millimeter.

'6Percentages of neutrOphils (l), lymphocytes (1.),

monocytes (M), basophils (B), and eosinophils (E).
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The gnotobiotic controls showed the presence of darkened intestinal

contents but it was not reddish but rather brown in color. The contents

of the colon and particularly the rectum were in a semi-formd to

formd state and fluid or semi-fluid feces were not noted.

The connective tissue between the coils of the spiral colon was

noted to be quite edematous in one of the gnotobiotic control pigs. It

was this animal which was noted to be doing poorly during the first week

of life.

lone of the pigs raised under fam conditions showed an abnormal-

ities at the time of necropsy.

(beervations at the Microscopic Laval

a. The esophagus

The esophageal lumns of the gnotobiotic pigs were free from’bac-

teria or an debris whereas those of the gnotobiotic control pigs and

the farm-raised pigs contained much debris and new bacteria. Between

the layers of desquannting keratin in the esophagus or one of the gnoto-

biotic pigs was noted a colon of bacillus-like organisms.

b. The stomach

lo differences were noted in the esophageal portion of tin stomchs

among the 3 groups of pigs. The cardiac and fundic portions of the

stomach of the gnotobiotic control pigs and the farm-raised control pigs

appeared to have more connective tissue in the eubmcosa than did the

stomachs or the gnotobiotic pigs. It is possible that this difference

was due to differences in the state of distention of the stomch al-

thougi no marloed difference in this respect had been noted at the tin

of necropsy.



.88..

In the pyloric portion of the stomach, blood vessels in the muscle

layers showed the presence of cuffs of lymphocytes. These perivascular

cuffs were present in the mecle layers of the gnotobiotic pigs

(figure 2-lh) and also in the gnotobiotic control pigs (Figure 2-15).

In one of the farm-raised pigs, in an animal that was in no way related

to or in contact with the gnotobiotic pigs or their gnotobiotic controls,

a few of the blood vessels in the mesh layers also showed the presence

of small cuffs of lymphocytes (Iigure 2-16). Differences in the amount

of conmctive tissue present in the submcosa of the pyloric portions of

the stomchs of the 3 groups of pigs were not noted.

c. The duodenum

The duodenum showed no clearly significant differences between the

gnotobiotic pigs or their controls. There .was a suggestion of an in-

creased amunt of connective tissue in the submcosa of the gnotobiotic

controls and to a‘greater extent in the farm-raised controls when these

were compared to the gnotobiotic pigs.

d. The Jgjunum

Yacuoles were present in most of the epithelial cells of the villi

of 2 of the gnotobiotic pigs and in the gnotobiotic control pigs. The

epithelium of the villi of the farm-raised pigs and of l of the gnoto-

biotic pigs did not show this vacuolization. The stroma of the villi

of the fan-raised pigs was more cellular than that of the gnotobiotic

pigs or the gnotobiotic controls. This increased cellularity was due

to the presence of greater nufllers of fibroblasts, eosinophils, and

large mononuclear cells. l

e. The ileum

In the ileum, the epithelial cells of the villi were extensively



rig. 2-lh. --- Gnotobiotic pig (Bacillus pp. contaminated) showing tin

presence of a perivascular cuff of lymphocytes involving

a vessel in the muscle laver of the pyloric region of the

stomach. H at E I #50.

Fig. 2-15. --- Gnotobiotic control pig, a littermate to the one repre-

sented in Figure 2-lh, showing presence of perivascular

cuffs involving blood vessels in muscle layer of the

pyloric region of the stench. H 8; B X #50.
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vacuolated in both the gnotobiotic pigs and the gnotobiotic control

pigs. No vacuolization was noted in the epithelial cells of the villi

in the farm-raised pigs.

The most notable finding in the ileum was the variation in the

amount of lymphatic tissue present. The smallest amount was present in

the gnotobiotic pigs and the greatest amount in the farm-raised pigs.

An intermediate amount was present in the gnotobiotic control pigs

(See rigure 2-17). The lymphatic tissue present in the gnotobiotic pigs

was arranged in relatively discrete nodules. Sore of these nodules con-

tained foci of lightly stained cells which were reminiscent of germinal

centers. Mitotic figures, however, which are characteristically found

in germinal centers, were‘absent. The lymphatic tissue present in the

farm-raised pigs was less clearly nodular in arranamnt and was present

in much greater amounts than in the motobiotic pigs.

The epithelial cells of the villi in both the gnotobiotic pigs and

the gnotobiotic control pigs showed the presence of extensive vacuoli-

zation. Yacuoles were not present in the epithelium of the farm-raised

pigs.

1'. The cecum

The cecum showed the presence of a brown pigmnt in the epithelial

cells and in the macrophages present in the stroma of the mucous nem-

brane. Thispignent'seemd to be the ease as that already described for

the animals in Experimnt 1. lo pigmnt was observed in the epithelial

cells of the cecum in the gnotobiotic control pigs but it was present in

mcrophages within the stream of the mucous neutrals. lo pignent was

observed in the cecal tissues of the farm-raised pigs.
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l'ig. 2-17. --- Comparative amounts of lymphatic tissue in the ilea of

gnotobiotic pigs and their controls. At the left is

shown the ileum of a germfree pig; next is the ileum

of a monocontaminated pig (Bacillus 92.); next, the

ileum from a gnotobiotic control pig; and at the right,

the ileum from a farm-raised pig. H 8: E X 1.1+.
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The amount of connective tissue present in the cecum of the gnoto-

biotic pigs appeared to be somewhat less than in the farm-raised pigs.

It appeared to be more loosely arranged whereas that in the farm-raised

pigs appeared to be more compact. The situation was sonewhat inter-

mediate in the gnotobiotic control pigs.

3. ,h. The spiral aidfterm‘inal colons

The spiral colon and the terminal colon were quite similar in micro-

scopic morphology in all groups of animals.

Bxperinent 3. Germfree Pigs

MacroscOpic and Hematological Observations

The third attempt to obtain germfree pigs was made on September 19,

 

 

1960. Using the techniques previously described, 13 pigs were taken

from a Yorkshire sow. For reasons not exactly known, only It living pigs

were obtained in this attempt. Three of the dead pigs were mmnmified

and the other 6 were alive when removed from the uterus but could not be

induced to breathe.

The R pigs obtained were small and weak. They weighed from 1.1:

to 2.0 pounds at birth. When handled they squealed excessively. They

ate so poorly that for the first 2 days the amount of mill: fed was only

50 to 60 ml. per feeding. Two of the pigs, in particular, ate very

poorly and became progressively weaker and died on the third and fifth

days of life, respectively.

The 2 remaining pigs slowly improved in appearance and in vitality

although they never ate as well as pigs in the previous experimnts.

At 21 days of age the pigs were removed from the isolator, blood samples

were taken and, following anesthesia with sodium pentobarbital, they

were exeanguinated. Samples of feces and other excreta from the trays
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were aseptically collected for bacteriological examination. Examinations

of wet mounts and Gram-stained preparations of the feces and tray con-

tents were negative for the presence of bacteria. Gross contamination

is readily detected by the examination of Gram-stained smears of the

feces. Figures 2-18 and 2-19 show comparable pictures of fecal smears

from a germfree pig and from a farm-raised control pig.

Bacteriological cultures, made on blood agar, Eugen agar, SF media,

violet red bile agar, modified Wilson-Blair medium, and Bogosa's nedium

were negative for bacterial growth.

Table 2-8 shows the results of the blood examinations of these

animls and the gnotobiotic control pigs from Experinent 1. These

animals are compared to the gnotobiotic control pigs from Experiment 1

because there were no pigs from the sane litter which could be used for

control purposes.

Postmortem examination showed no gross abnormalities except in the

small intestine. The distal one-third of the small intestine contained

a reddish-brown exudate which appeared hemorrhagic. The exudate could

be scraped off leaving a fairly normal appearing mucous mentrane be-

neath. No other gross abnormalities were noted.

Observations at the Microscopic level

Since there were no pigs from this litter that could be used as

gnotobiotic controls, those from Experiment 1 are used for comparison.

a. The esop_h_agi_is

The esophageal lunens of the germfree pigs were free from debris

whereas those of the gnotobiotic control pigs and the farm-raised pigs

contained a considerable amount of debris and bacteria. lo other



 

113. 2-18. --- Photograph of a focal mar from a germfree pig at

21 days of age. lo bacteria are seen. Gram stain

X 1600.



 
Fig. 2-19. --- Photograph of a near made from the feces of a farm-

raieed pig at 21 days of age. The dark organisms are

Gram-positive and the ligrter ones are Gram-negative.

Gram stain I 1600.
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TABIE 2-8. --- [ontological values on gnotobiotic pigs (germfree)

and their controls at 3 weeks of aa.

 

 j,

Pig no. Wt. Sex Hb.2 3%.? mc" “305 n5 L n B s

Germfree pigs

 

 

1703. 14.1; n 10.6 38 h.05 9.35 16 81 3 0 0

1705 14.1 M 12.8 37 5.61 6.00 #7 50 3 0 0

 

Gnotobiotic control pigs

 

62kg 2.8 n 10.3 27 3.55 9.70 50 #9 1 0 0

6250 h.2 a 12.5 37 5.08 10.05 51 1&9 0 0 0

 

Farm-raised control pigs

 

11m 12.3 n 9.0 32 11.62 6.9‘ 17 83 0 0 0

11.77 13.3 r 10.9. 37 b.7h 6.6 2h 71. 0 0 2

1&89 12.0 n 11.2 38 5.16 6.0 18 80 0 0 2

 

1

Weight in pounds.

251:0th in gram per 100 m1. of blood.

immatocrit in cell volumes per 100 volume of blood.

Erythrocytes in millions per cubic millimeter.

5leukocytes in thousands per cubic millimter.

6Percentages of neutrophils (ll), lymphocytes (1.),

monocytes (M), basophils (B), and eosinophils (E).
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differences were noted among the germfree pigs and their gnotobiotic and

farm-raised controls. I

b. The stmach

no marked differences were noted in the different areas of the

stomach. In the cardiac level of one of the germfree pigs, the connec-

tive tissue in the submucosa appeared to be somwhat more loosely

arranad than that in the gnotobiotic control or farm-raised pigs. The

other germfree pig did not show such loosely arranged connective tissue.

c. Tb duodenum

lo differences were noted in the duodemns from an of the pigs.

d-W

In the JeJunun, more goblet cells were present in the epithelium

of the villi in the germfree pigs than in the gnotobiotic control or the

farm-raised pigs. There appeared to be less comective tissue and that

which was present appeared to be more loosely arranged in the germfree

pig when compared to the gnotobiotic control pigs or the farm-raised pigs.

e. The ileum

In the ileum of the germfree pig, there were no foci of lymphocytes

as in the gnotobiotic control pigs or in the farmdraised pigs. Typical

Peyer's patches were present in the gnotobiotic control pigs and the

farm-raised pigs but the was. pigs showed only scattered lymphocytes

at this level of the intestine. The epithelium of the intestinal mucosa

at this level was greatly vacuolated as was that in the gnotobiotic con-

trols. The epithelium of the villi in the ileum of the farm-raised pig

was not vacuolated.

f. The cecum

The germfree pig showed the presence of more goblet cells (Figure 2 -20)
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Fig. 2420. --- Cecum of gerad‘ree pig showing numerous goblet cells in

the epithelium and loose connective tissue in the sub-

mucosa. K 8:3 I 80.

I

Fig. 2-21. -- Cecum of gnotobiotic control pig showing fewer. goblet

cells in the epithelium and denser connective tissue

inthe submcosa. 38:8 1 80.



       
r; «a, ,- . ~f. an x ;.‘.’

r13. 2-20
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at the cecal level than did the gnotobiotic controls (Figure 2-21) or

the farm-raised pigs (Figure 2-22). The connective tissue in the sub-

mcosa was less dense and more loosely arranged than it was in the gno-

tobiotic controls or the farm-raised pigs. The epithelial cells in the

germfree pigs and in the gnotobiotic controls contained a yellowish-

brown pigment. This pigment was also seen in macrophages in the stroma

of the raucous mmbrane. It was not seen in the farm~raised pigs.

g. The spiral colon

In the spiral colon of the germfree pig the epithelium contained

nary vacuolated calls; these were fewer in number in the gnotobiotic

control pigs and- absent in the farm-raised pigs. The connective tissue

in the submcosa appeared to be more loosely arranged and less dense

than in the gnotobiotic control pigs and the farm-raised pigs.

h. The terminal colon

lo marked differences between the terminal colons of the germfree

pigs and their controls were noted. The brownish pignent noted in the

cecum was present in the epithelium of the terminal colon of the germ-

free pig but it was not noted in the gnotobiotic control pigs or in the

farm-raised pigs.

Autousis in the Dead Germfree 113

The 2 germfree pigs which died in Experiment 3 were allowed to

remain in their cages for 3 and 5 days, respectively, followim death.

The purpose was to determine changes which take place in the digestive

tract following death of the animal in the absence of bacteria. Since

digestive enzymes are present in the tract, digestion of the tissues of

the intestine should take place in the absence of the protective



sub-noose.

cells in epithelium and dense connective tissue in the

38:! I 80.

rig. 2-22. --- Cecum of farm-raised control pig showing fewer goblet

  

-103 ..
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substances which must be produced during life to prevent auto-digestion

of the digestive organs.

Gross examination of these pigs indicated dehydration as evidenced

by the presence of sunken’eyes and dry, tight, closely adherent skin.

Offensive odors were absent. The digestive organs were quite soft and

slim to the touch.

a. The esophagus

In the animal which had been dead for 3 dws, the epithelium of the

esophagus was in a fairly good state of preservation. The nuclei did

not show evidence of pyknosis. The mucous glands in the submucosa were

quite badly degenerated. Most of the nuclei of these glands were pyk-

netic and some had undergone complete lysis. The unrscles were in a

fairly good state of preservation. Cross striations were still visible

and some of the nuclei were intact, although most had undergone some

degree of pyknosis. ( See Figure 2-23). The erythrocytes within blood

vessels were still intact. ’

In the animl which had been dead for 5 days, the epithelium was

markedly degenerated although sore distinguishing characteristics were

still apparent. Cross striations were still visible in the muscles

(Figure 2-21r) but most of the nuclei were markedly pylcnotic. Intact

erythrocytes were still visible within sone blood vessels.

b. The stomach

In the pyloric region of the stomach of the germfree pig which had

been dead for 3 days, the mucosa had undergone some degree of disruption

but most of the gland cells still were in their normal relationships.

nuclei in the glandular epithelium had undergom some degree- of karyor-

rhezis. Most of the connective tissue elements in the stroma of the
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Fig. 2‘23. --- Esophagus of germfree pig dead for 3 days. Note the

relatively intact epithelium at A, the degenerating

mucous gland at B and the intact arrangement of the

muscles at C. H 8. E I ”.50.
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Fig. 2-2h. --- Esophagus of germfree pig dead for 5 days. In spite

of son postmortem change, there are still demon-

strable cross striations in the muscles.

I! an: x 1600.
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mucosa exhibited pyknotic changes in their nuclei. insole layers were

fairly well preserved but here, too, the nuclei were pyknotic. Erythro-

cytes in some of the blood vessels were still intact.

At 5 days following death, degenerative changes in the stomach had

made quite extensive progress. The mucous unwrane was badly disrupted

and most of the nuclei had undergone varying degrees of pyknosis and/or

karyorrhexis. Subuncosal connective tissue showed marhed autolysis.

The cells making up the blood vessels appeared to be the best preserved

tissue in the entire stomach. The muscle layers of the stomach were

fairly well preserved but the nuclei were quite pyknotic.

c. Ml intestine .

The small intestine of the germfree pig dead for 3 days showed

marked disruption and autolysis of the mucous mnbrane. Despite the

marked degeneration, some intact epithelial cells with well preserved

nuclei were still found in the debris within the lunen of the intestine.

It appeared as if sore glue -like substance which in life had held the

epithelial cells in place had dissolved away, setting free the intact

epithelial cell which now floated with other epithelial cells in the

lumn of the intestine.

(hfly remnants remained of the glands of Bowman in the duodenum and

the few nuclei which remained were markedly pyknotic. The mscle layers

were intact but most of the nuclei were pylmotic.

At 5 days following death, the autolytic changes seen at 3 days

were more advanced. Surprisingly enough, although the disruption of

the mcous nembrane was marked, some few well-preserved epithelial cells

with quite well preserved nuclei were still visible. The mscle layers

were rather well preserved although all nuclei were pyknotic.
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d. Thegspiral colon

In the spiral colon of the pig dead for 3 days, the autolytic

changes in the mucous membrane were extensive. Sone of the epithelial

cells were still intact and in some places, there was a suggestion of

glandular arrangement remaining. The muscle layers were quite intact

and most of the nuclei were pyknotic but there was a discernible gra-

dation in the severity of the pyknosis. Scan of the larger blood

vessels contained intact erythrocytes (Figure 2-95).

In the animal dead for 5 days, the spiral colon showed.a greater

degree of autolysis than at 3 days. Most of the nuclei had disappeared

and most of those remining were pylcnotic. A few epithelial cells were

surprisingly well preserved (Figure 2-26). The mscle arrangemnt was

rather well preserved.but most of the nuclei were pyknotic.

e. The terminal colon

The stratified squamous epithelium.at the recto-anal Junction was

very well.preserved in.the pig which had been.dead for 3 days. The

cytOplasm of the epithelium stained somewhat mre red than is normal

for the hematoxylin.and.eosin.stain on this tissue but the nuclear

staining was very good, indicating very good preservation of this

tissue.
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Fig. 2-25. --- Blood vessel containing intact erythrocytes from the

spiral colon of a germfree pig dead for 3 days.

a as x 1600.
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Fig. 2-26. --- Degenerating epithelium in spiral colon of a germfree

p13 dead for 5 days. Note the still discernible gland-

like arrangemnt of some of the epithelium.

n 8.3 x #50.



DISCUSSIOB

General Procedure

(he of the difficulties in germfree work is to be able to collect

the young as close to the end of the gestation period as possible.

Gustaffson (l9h6-l9h7, l9h8) discussed in detail the determination of

the time of parturition in the rat and Glimstedt (1936) devoted a con-

siderable amount of discussion to the problem in the guinea pig.

A probable explanation for the weak, small and squealing pigs

obtained in Experiment 3 is that they were tahen too early in the ges-

tation period. It is best if the investigator has control of the swim-

herd from which he is to derive the germfree animls. he can then know

the exact breeding date and the time of expected parturition can be

accurately determined. If one depends on the swine raiser in the com-

nity to supply the pregnant animals, disappointment is often the result

because the swine raiser either does not knathe exact breeding date or,

for the sake of a sale, gives an erroneous date. This results in frus-

tration for the investigator. One is greatly chagrined to prepare for

the hysterectonw and find that during the preparation the sow delivers

a litter of pigs. (11 the other hand, it is Just as frustrating to per-

form a lusterectow on the calculated date and find that the pigs were

taken too early as evidenced by small, weak and squealing pigs.

Determination of the presence of milk in the udder was used as an

indicator of imminent parturition, but even here, despite the frequent
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observations carried out , one was often greeted by the sound of

squealing pigs before the lusterectony could be done.

Nutrition

Another difficulty in the raising of germfree pigs is the problem

of nutrition. It can be seen from the examination of Tables 2—6, 2-7,

and 2-8 that the growth responses of the gnotobiotic pigs and the gnoto-

biotic control pigs were not good. These pigs, fed cows' milk which had

been fortified with vitamins and minerals, did not grow as well as pigs

raised under farm-conditions.

The frequency of feeding may be a factor in the poor growth rate.

The pigs in these experimnts were fed h times a day in amounts which

they would consum in a reasonable period of time. The amount of milk

consumed in a day was small. More frequent feeding would undoubtedly

have increased the amount consumed and probably would have given a

better growth response.

‘ A big inhibitor to a proper start is the fact that these pigs did

not receive colostrum. Sows' colostrum, according to Braude gt 2.1..

(192;?) , contains more than 3 times as much protein as does sows' milk.

In addition, the colostrum contains larger quantities of the B vitamins

than are present in whole milk. Beidebrecht at al. (1951) have shown

that the amount of vitamin A in colostrum is much higher than in whole

sows' milk.

In addition, not only were the pigs deprived of colostrum but the

injury was compounded by feeding cows' milk, which does not approach

sows' milk in nutritional value for the baby pig. hocording to Bckles

and associates (1951), cows' milk is deficient in fat, protein, and

minerals when compared to the milk of the sow. For proper growth
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response, the diet of the baby pig fed cows' milk should be fortified

with protein, in particular, and probably also with fat. These matters

of milk differences may be primrily a difference in energy supply.

Sows' colostrum and milk supply more energy than that from the cow.

Another factor that may have affected the growth response is the

. possibility of vitamin deficiencies. Even though the diet was fortified

with vitamins in amounts so as to provide the requirauent despite a pos-

sible 50% or more destruction during sterilization, the possibility of

antivitamin formation during the sterilization process is present.

Figures 2-20, 2-21, and 2-22 show the cecum from a germfree pig, a

gnotobiotic control pig, and a farm-raised pig, respectively. There are

more goblet cells present in the germfree pig than there are in the farm-

raised pig. The gnotobiotic control pig occupies a somewhat intermdi-

ate position. It is possible that the increased numbers of goblet cells

indicate a mild niacin deficiency. If this is true, it is hard to ex-

plain why the gnotobiotic pig does not show a similar picture since it

was fed the seam sterilized milk diet.

Bacteriolog

The determination of the germfree state was by cultural mthods and

by examination of both Gram-stained fecal smears and the observation of

wet mounts of faces. The incubation of cultures, with the exception of

those, in Experiment 1, was done at 37°C. The special media were used to

facilitate growth of the more common organisms expected from the di-

gestive tract of the pig. The animals from Experiment 3 were considered

to be free of microbial. contamination under the conditions used in this

study to determine sterility. Tissue cultures and egg inoculation to

determine the presence of viruses as suggested by wagmr (1955) were not

done .



The examination of Gram-stained fecal smears readily shows the

presence of grossccntamimtion. In the germfree animal, the fecal

scar rarely showed the presence of an occasional organism following

the Gram stain. These organisms were thougit to be those killed during

the sterilization of the milk but passing through the digestive tract

of the pig in an unchanged fans.

In Experimnt l, a sour odor was noted at the air outlet of the

isolator early in the experiment. This sour odor disappeared after a

few days. The cause of the acid fermrrtation was not btermined. Al-

thcuai Stamlococcus mg, the only organism isolated from this

group of pigs, formats lactose, one would expect that if the acid pro-

duction was of an amount sufficient to generate an odor, it should have

been present in sufficient quantities to cause coagulation of the milk.

Coagulation of the milk was mver observed. It is also hard to explain

the reason for the disappearance of the sour odor after a few days.

Has there a species of bacteria present early in the experinnt which

subsequently died out? This seems unlikely. At the end of the- experi-

nnt, only Stamlococcusm was demnstrated to be present. It is

poss-ible that the India used were not able to support the growth of this

postulated organism. This also seems unlikely since Eugen agar contains

dextrose which should serve as a source of emrgy for em cranial which

can fermrrt lactose. mirthernore, only Gram-positive cocci were, ever

observed in fecal wars, with the exception of the possible Gren-

nsptive rods observed on the third day. niece rods were sewer again

observed and reexamination of the original preparation disclosed only

the presence of needle-like crystals of the counterstain safranin which

my have been mistaken for Gran-negative rods in that first emanation.
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Another possibility, however remote it may be, is that there was

another organism present which could fermnt only glucose. This organ-

ism could have multiplied for a time in the milk deriving its energy

from the fer-mutation of the can amount of glucose which must have

been present in the milk as a result of the slight hydrolysis of lac-

tose during the steam sterilization of the milk. When this glucose was

censured by the organism, t1: organism died. out. This might man that

only a very cull amount of acid was produced, not enough to coagulate

the casein in the milk but enough to give a slight acid odor at the

air outlet of the isolator.

with reference to odor it might be lentionsd that at the termi-

nation of each of the 3 experimnts, one was surprised at the pleasant

odor of the gnotobiotic pigs. They never had an unpleasant odor nor

did they remind one of fans-raised pigs which exhibit a typical "pimy"

odor. The odor noted in all three groups of gnotobiotic pigs was sons-

what reminiscent of that noted in a candy shop and ads one think of

sweet chocolates. Gustafsson (191.8) notes that the cecal contents of

the arr-free rat exhibited a peculiar sweet snell very different from

the penetrating stench noted in cecal contents of normal control rats.

Focal color and epitlnlial plantation

The faces of the gnotobiotic pigs were consistently quite soft and

were never formd. Glimstedt (1936) noted that a soft condition of the

feces appeared to be a peculiarity of gar-free enimls. He gave no

reason for this.

The color of the faces in these annals was sonwhat reddish-brown.

In the gnotobiotic control pigs the faces were dark brown in color.
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It is possible that at least one of the factors in this difference in

color was the presence of hydrogen sulfide producing bacteria in the

gnotobiotic control pigs. Black iron sulfide could very readily cause

a darkening of the feces.

Another factor which nay be involved in causing the reddish color

is the absence of bacteria in the intestinal tract which are necessary

tor the breakdown of bilirubin. sors-en (1951:) states that as bilirubin

passes down the intestine to the colon it is reduced by anaerobic bac-

teria to two colorless compounds of similar couposition, nsobilirubin-

ogen and stercobilinogan. Since anaerobic bacteria were absent in these

pigs, the bilirubin passed on through the intestinal tract unchanged,

mintaining its reddish color.

In the sewer and colon, a golden-brown pigmnt was noted in tin

cytoplasm of the epithelial cells which limd the lumen and in moro-

phages located more deeply in the stroml tissue of the intestine. This

pigmnt was not noted in the farndraised pigs but was present in the

grotobiotic pigs and the gnotobiotic controls. It was present in larger

amounts in the gnotobiotic pigs than in the gnotobiotic controls. Its

source is unknown. It was thought that it might be related to the

reddish-brown intestinal contents since it was found only in those epi-

thelial cells in intimte contact with the intestinal lunn. It was

first thought that this pignnt might be bilirubin, but the Stein stain

for bile pigmnts was mgative. Since it was also present in the gotc-

biotic control pigs, the possibility of bilirubin should be discarded

because these pigs had an almost norml conplemnt of intestinal bac-

teria including- enaerobes as shown in Table 2-5, and bilirubin would no

longer have been present in appreciable amounts inthe cecun and colon.
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Application of.Mallory‘s Prussiaanlue stain.indicated the presence

of ferric iron in this pigmnt, which more or less rules out the possi-

bility that this pimnt is a bilirnbin-related substance.

Another possibility is that this pigmnt is the iron cosmomnt of

tin mineral supplemnt, ferric amonium citrate. In the gnotobiotic

pig this iron.probsbly would.not be conserted.to the black, insoluble

iron sulfide because of the absence of'hydrogenlsulfide-producing

bacteria. The absence of these bacteria would.allow the iron-containing

compound to reach the lower intestine in a soluble form, where it would

be available for absorption.by the epitheliuI.of the intestine.

The mechanism of the absorption of the iron-containing compound is

not explained, nor is it explained win the iron is in the ferric form.

Ferric iron is reduced to the ferrous form in the digestive tract in a

reaction associated with the warochloric acid of the stomach. It is

the ferrous form which is absorbed in the shell intestine for incorpor-

ation into ferritin. The iron of ferritin is ferric. ‘ The oxidation of

the absorbed ferrous iron.to the ferric forn.presunably takes place

within.the absorbing epithelial.cell of the intestine.

It is not known whether the ferric amoniun citrate reaches the

cecal cells in an unchanged for: or whether the form of iron in the

cecal lunn is ferrous which is chanad to the ferric form after ab-

sorption into the epithelial cell of the cecum. The nature. of the com-

pound which1Iahes up the ironeccntaining pigment is also-unknown.

The fhct that a sla11.alcunt of‘this pig-ant was also present in

the epithelial cells of the cecu- and colon in the gnotobiotic control

pig is difficult toteXplainpsince sulfide-producing bacteria were
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present hrs. It is possible that soup of the iron in the lower intes-

tinal tract escaped the action of th hydrogen sulfide.

Whether thee explanations adequately tell th story of the pighnt

or not, the fact remains that only th gnotobiotic pigs and th gnoto-

biotic control pigs received ferric ammonium citrate in thir feed and

the farm-raised pig did not. The pigmnt was hver noted in the epi-

thlial cells of th intestine of th fern-raised pig.

Th presence of edeu in th intestinal wall of one of the gnoto-

biotic control pigs of Bxperimnt 2 can possibly be explained by th

lack of gain globulin in th serum caused by the fact that thee pigs

had been deprived of colostrum. This possibility was reported by Beran

g; 3;. (1960) who observed this in twelve colostrum-deprived pigs. The

fact that this was observed in only one colostrun-dsprived pig in th

present study may be dns to an individual idiosyncrasy or it my be

associated with th fact that this pig had not been eating well during

the first week of life, thereby aggravating a deficiency so far as serum

proteins are concerned.

Th significance of the presence of th perivascular lywhocytic

cuffs in the Insole layers of th pyloric region of the stomach is not

known. Th fact that they were found, not only in the gnotobiotic pigs

and th gnotobiotic controls which were littermtes, but also in a com--

pletely unrelated farm-raised pig, decreases th possibility that it

was due to a viral infection althougi this cannot be ruled out.

E22228!

Th intestinal walls of the gnotobiotic pigs appeared to be thirnlsr

than those of the gnotobiotic cows-ole and the-- farm-raised pigs. This

lesserWwas probably due to a lesser anoint of consctive tissue
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in the eubmcosa. A lesser anount of connective tissue in the germfree

chicken and rat was reported by Gordon (1955 and 1959). The thinness

my also be due in part to th lesser anount of ly-phatic tissue present,

demonstrated in Figures 2-8, 2-9, and 2-17.

Th large terminal Peyerian gland that was reported by Chairman

(1873), but which was not observed in th pigs studied by Tithnyer and

Calhoun (1955) , was present in all th fan-raised pigs exanined in this

stun. It was not easily detected by gross emination in th gnoto-

biotic pigs or the gnotobiotic control pigs, but in none of thee did

random sectioning of th terninal ileun fail to disclose th presence of

at least some lymphocytes, even though thee were not in nodular arrange-

mnt.

Th significance of the vacuoles seen in th epithlial cells of th

small intestines of th gnotobiotic pigs and their mtobiotic controls

as shown in Figures 2-10 and 2-ll is unknown. The change was apparently

a tudropic demneration. Mucin was not demnstrable hre with special

stains-

It is interesting to note the effect that th presence of bacteria

Inst exert on the post-mrten deconposition of the diostive tract. Th

fact that intact erythrocytes were still present within blood vessels of

a gemfree pig which had been allowed to remain at roan tenperature for

3 days following death indicates that bacteria play an important role in

poet-lumen decomposition. The epithliun of the intestine, although no

longer attechd to its ncrnl position on the basehnt hfirane, was

fairly well preserved. Th mclei were not even pyknotic in son in-

stances 5 days after death. Thus it appears that, although autolytic

ensyses are active in decomositicn after th death of an aninl,_the role

of bacteria in thee processes probably is much more important.
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'niree experimnts were conducted in attempts to rear gnotobiotic

pigs for th purpose of studying th digestive tract and making a ner-

pholcgical carparison of it to that in the farm-raised pig. The pigs

were obtaired by hysterectomy and housed in sterile plastic isolators.

The fem-raised pigs were obtained by natural birth in typical fem

surroundings. Th first two attempts were unsuccessful and the animals

obtained were' contemimted. an of the erperinental groups was con-

taminated with staMlococcusm and the other with a member of the

gems Bacillus. In the third experimnt, gennfree animals were obtained.

All pigs were raised for 17-21 days.

Growth responses of th pigs in the three experimnts were poor.

This was probably due primarily to qualitative and/or quantitative

mtritional deficiencies.

Th intestinal tracts of the gnotobiotic pigs were compared to

those of litternate controls and to fern-raised pigs of th sane age.

(h necropsy, th only encroscopic difference which was noted between

th gnotobiotic pigs and thir controls (besides differences in con-

dition and weight) was the presence of brownish-red fecal mterial in

th intestine of the motobiotic pigs which was not present in th

control pigs. This mterial was ascribed to the presence of umltered

bilirubin in the intestines.

-120-
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Microscopic comparison showed that th gnotobiotic pigs had less

connective tissue in th submucosa of th intestine. This comective

tissue was also nore loosely errand in th gnotobiotic pigs than in

the litter-ate control pigs or th fare-raised pigs. Th amount of

lymphatic tissue present in the call intestih of th gnotobiotic pig

was less than that present in the littermte controls or in th fern-

raised pigs. The epithelium of th ileun was greatly vacuolated in the

grotobiotic pigs and in th ”tobiotic control pigs. The ileum of th

fan-raised pigs showed no such vacuolization. In th cecum, nore gob-

let cells were present in the moose in the gnotobiotic pigs than in
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