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CHAPTER I
HISTORICAL REVIEW AND INTRODUCTION
In the neonatal animal, strong competent immune systems
are lacking for the first several weeks of life, apparently
a result of a low number of antibody producing cells. During this period of incompetence, the animal utilizes circulating maternal antibodies for passive protection against
invasive organisms and organic foreign antigens.

These

protective antibodies are found in the gamma globulin fraction of serum in the mother animal and constitute approximately 1.6 g protein/lOOml of the serum volume (17).
The antibodies vary in molecular weight, general characteristics, and functions.

General classes of antibodies

include 7 S Immunoglobulin G (IgG) molecular weight 150,000,
7 S Immunoglobulin A (IgA) molecular weight 150,000, and 19
S Immunoglobulin M (IgM) molecular weight 900,000.

These

may vary in different animal species to include 7 S IgM
classes, 19 S IgG classes, and specialized classes of 11
S IgA molecules containing an additional polypeptide designated secretory piece (19) . All classes of antibodies have
different electrophoretic mobilities.
Avenues of antibody uptake vary in young animals according to species.

Uptake occurs either before birth

transplacentally, after birth intestir.ally, or in some
1

cases, it may occur by both routes.

In man and guinea pigs,

uptake occurs before birth via placental transfer.

The new

animal is born with an antibody complement similar to that
of the mother.

Ruminants, horses, and pigs are born with

no antibodies.

These animals obtain antibodies from the

mother's colostrum via intestinal absorption,

Halliday (9,

10) has shown that placental transfer of antibodies occurs
as early as the 17th day of gestation in rats and may be
continued after birth via intestinal absorption.

During

the second day of postpartum, the young animal achieves an
antibody titer equivalent to that of the mother.

By colos-

trum absorption in the intestine the animal maintains the
titer approximately three weeks, at which time absorption
ceases.

Once absorption ceases the animal must rely on its

own immune system.
Absorption takes place entirely in the small intestine
and transport to the circulatory system is by way of the
lymphatics.

Comline, Roberts, and Titchen (6) showed that

no antibody entered the portal circulation directly, by
cannulation of the intestinal trunk and of the thoracic
duct.

The antibody appeared in the lymph within 1-2 hours

after the introduction of colostral whey into the duodenum.
Protein globules were observed histologically in the lymphatic channels and intestinal epithelial cells.

Possibilities of antibody transfer in rats by routes
other than those already mentioned, have also been examined.
Brcimbell and Halliday (4) demonstrated that the yolk sac
and vitelline circulation are responsible for part of the
prenatal antibody transfer in rats.

They demonstrated,

that the exocoelom, amniotic cavity, and fetal gut also are
involved in the transfer.

However, most immunity was ob-

tained from the colostrum and milk after birth through the
still immature small intestine.
Hill (16) found that the gastric glands in young rats
are not fully developed until some three weeks after birth,
while they are fully developed in the new born guinea pig.
He concluded that in those animal species receiving antibodies from the colostrum, gastric protein digestion was
delayed by retarded development of the gastric glands.
Moog (25) noted that alkaline phosphatase activity in
duodenal tissue of mice increased rapidly from the 16th to
19th day.

The activity could be induced by cortisone or

ACTH and retarded by adrenalectomy.
Maternal antibodies administered by mouth gavage
passed readily into the circulation of young rats up to 18
days of age (9). The antibody was detectable 1/2 hour after
administration and reached a maximum concentration after 3
hours.

Mother animals continued to secrete antibodies in

their mill: oven after the 21st da" an:l rats vour.asr than

21 days continued to absorb these antibodies.

Feeding of

solid food failed to have any effect on the absorption
period (11).
The cessation of antibody absorption and the increase
in alkaline phosphatase production at approximately the
same time period, suggested a possible connection between
the two phenomena.

Halliday (12) administered deoxycorti-

costerone acetate to 9 and 12 day old rats and found an
increase in alkaline phosphatase activity along with a
great decrease or near termination of antibody absorption.
Absorption in the small intestine was thought to be
controlled in part by selection.

Selection by the small

intestine was thought to occur not only between globulins
of different animal species but also between individual
proteins in the serum of the same species.

Bangham and

Terry (2) found that the gamma globulin enters the circulation preferentially to the other proteins absorbed, using
131
I-labeled serum proteins on 7 and 14 day old rats.
The absorbed gamma globulin antibody moved electrophoretically in the position of gamma globulin and had a survival
time in the circulation approximately the same as that of
gamma globulin in the adult rat.

Both complete and incom-

plete antibodies from immune rat serum appeared to be
transmitted equally.

In neonatal rats, immune sera obtained

from mice were absorbed almost as freelv as c:ios2 obtained

from rats, while those prepared in bovine, sheep, or fowl
showed no transmission (9).
Size of immunoglobulins may also be involved in selection and therefore absorption may be controlled in part by
the molecular size of the molecules.

Bangham and Terry

(1) have shown that transmission of rat gamma globulin by
intestinal absorption in the neonatal rat was greater than
the transmission of either rabbit or monkey gamma globulin.
They have shown very little absorption of serum alburr.in,
molecular weight 70,000, as compared to gamma globulin.
Hemmmgs and Oakley found (15) 131 I-labeled rabbit gar^ma
globulin was absorbed in the neonatal rat more readily than
labeled rabbit albumin despite the very much smaller molecular size of albumin.

Michael and Rosen (23) reported

that natural antibodies to gram-negative bacteria are associated with 19 S, IgM.

Kim and Watson (18) presented evi-

dence that these 19 S immunoglobulins provide protection in
reducing pyrogenic and lethal effects of endotoxins.

Porter

(27) recently demonstrated the importance of maternal IgM
in the serum of neonatal animals.
In experiments of ileal absorption of ferritin conjugated gamma globulin, ferritin, 450,000 molecular weight was
demonstrated in the vesicles of the apical v;eb and in the
supranuclear vacuole, but was not observed in the villus
lymphatics even 60 minutes after absorption (21).

Dissociation of the ferritin ga.^jna globulin conjugate in the
supranuclear vacuole could explain this phenomenon.

In tnis

case, ferritin would remain in the supranuclear vacuole and
the globulin would be allowed to continue its niigration
through the villus lymphatics.

.'.nother possibility v;ould

involve the large molecular size of the complex.

The size

of the ferritin gamma globulin conjugate could explain the
lack of migration by this large molecule from the supranuclear vacuole.
Intestinal absorption of immunoglobulins in neonatal
rats takes place through 21 days of age (11). Selective
absorption for molecular size in the small intestine of the
young rat is questionable (2, 15). The effect large molecular sizes gave on absorption is still unclear.

The mode

of immunoglobulin absorption in the small intestine is undecided.

The objective of this work is the examination of

these problems by the application of a histological
technique.

CHAPTER II
METHODS AND METHODS
Serum was obtained from mature albino laboratory rats
via heart puncture.

The globulin fraction was isolated

from the serum using Na2S0. precipitation (31). The isolated globulin was then dialized against phosphate buffered
saline removing excess salts.

The fraction yielded a pro-

tein content of 4.9 g/lOOml as measured by the Biuret
method (32). The globulin fraction from human sera was obtained by the same precipitation technique used for rat
globulin.
The globulin precipitates were subjected to Immunoelectrophoresis (33) and revealed three distinct precipitation
patterns similar to those of IgG, IgM, and IgA found in rat
and human sera.

Immunoelectrophoresis was performed in 1.5%

agar in 0.025 M veronal buffer, at pH 8.2.

Antisera used

for development of precipitin patterns was prepared in New
Zealand white rabbits by intravenous injection of pooled
rat serum, 0.1 ml per week for three weeks followed by 4
weekly intracutaneous injections of 0.1 ml.

The final

rabbit anti-rat titer was 1:256,000 as determined by the
interfacial ring precipitin test (14).
Fifteen ml of the albumin free globulin was applied
to a 1200 mm x 25 mm Kontes chror;>aflex column containina
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Sephadex G-200.

The protein fractions v;ere eluted by re-

verse flow using 0.05 M phosphate buffered saline, at pH
7.3, containing 0.02% sodium azide and 0.01% merthiolate
as bacterial inhibitors.
applied.

A 10 cm operating pressure was

Eluate fractions were collected in a Vanguard

fraction-collector.

The immunoglobulin fractions were

separated on the basis of their molecular weight and configuration.

The effluent from the Sephadex column was

examined at 280 nm on a Beckman DB spectrophotometer.

All

individual fractions were subjected to Immunoelectrophoresis and identical patterns were combined and concentrated by pervaporation.

The concentrated immunoglobulins

were equilibrated by dialysis against 0.85% saline for 24
hours.
The concentrated protein fractions were reexamined for
purity by Immunoelectrophoresis.

The final protein content

of the separated fractions yielded 300 mg% IgG and 94 mg%
IgM measured by the Biuret method.

Middle elution frac-

tions separated from the column contained a mixture of IgM,
IgA, and IgG and were discarded.
Fluorescein isothiocyanate labeling of the equilibrated
immunoglobulins were performed by the procedure of Rinderknecht (29) .

This is an ultra-rapid fluorescent labeling

method which utilized Sephadex G-25 chromatography in the
separation of labeled ir.Tiunoglobulins ircm free fluorescein

isothiocyanate (FITC).

It required a mixture of celitc,

FITC, and the untagged protein (fractionated inmunoglobulin),
to be mixed 3 minutes in a carbonate-bicarbonate buffer of
pH 8.5.

The mixture was centrifuged and the supernatant

was applied to a size 200 mm x 10 mm column of Sephadex
G-25 and eluted with 0.02 M sodium phosphate buffer, pH 6.5.
Comparable results were obtained using the conjugation procedure of McKinney (22). The labeled immunoglobulins were
subjected to spectrophotometry on a Beckman DB Spectrophotometer at 490 nm and 280 nm (8) in order to ascertain relative quantities of fluorescein and protein present.
Fasting 15 day old albino rats were lightly etherized
and a section of the yellow-orange ileal tissue lying approximately one centimeter from the ileo-cecal junction and approximately two and one-half centimeters in length was
exposed by abdominal incision.

Two opposite ends of the

segment were tied with nylon suture.

After injection of

0.1 ml of each labeled fluorescein a third suture was used
to tie off the point of injection, leaving an area approximately one and one-half centimeters long for absorption.
The exposed ileal tissue was then carefully placed back into
the abdominal cavity and covered with saline moistened cotton.

Absorption was allowed to continue for 30 or 60

minutes.
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After absorption, the ileal tissue was excised,
covered with fixative, cut into 2 mm long sections, and
placed in cold formol-cacodylate fixative, 4% formaldehyde0.1 M Na cacodylate, pH 7.3 (21). After two hours of fixation, the tissue was rinsed twice for 15 minutes -with 0.1
M cacodylate buffer, pH 7.3, containing 5% sucrose.

The

tissue was dehydrated through a series of ethanol-water
mixtures:

immediate rinse with 70% ethanol; a 4 minute

rinse with both 70% ethanol and 95% ethanol; three 4 minute
rinses in 100% ethanol.

The tissue was infiltrated over-

night in a low viscosity embedding media and polymerized
at 60 C for 12 hours (30). One micron thick median longitudinal sections of ileal villi were obtained using a
Reichert ultramicrotome.

The sections of ileal tissue were

examined with a Leitz ultraviolet microscope using an HBO200 L-2 Osram lamp, BG-12 light blue filter, and a OG-1
Blau ocular UV barrier filter.

Micrographs were taken

using a Cannon TL camera with Ektachrome daylight film with
an ASA of 160.

Exposure times were 3 and 5 minutes.

Overloading of the vascular system with gamma globulin
was attempted to establish cessation of absorption in the
small intestine of the 15 day old rat.

Absorption was ex-

amined with varying dilutions of the immunoglobulin conjugate in question.

Rat gamma globulin, 0.1, 0.5, and 0.7

ml, at a concentration of 4.9 g prot?in/100r;.l -..-as injectel

11
in the femoral vein and allowed to circulate 10 minutes.
Ligation of the intestine was performed and 0.1 ml of the
diluted fluorescein protein conjugate was injected into
the ileal portion of the intestine.

After 60 minutes of

absorption, the tissue was prepared for microscopic examination as previously described.

CHAPTER III
RESULTS
Morphologically, the young rat ileum has much the same
appearance as does the mature rat ileum.

The ileal villi

of the 15 day old rat are small projections of the epithelial membrane and are 0.5 to 1 millimeter long (Fig. 1 ) .
The villus is composed of columnar epithelium surrounding
a core of lamina propria.

The free surfaces of the absorp-

tive cells in the epithelium of the villi have striated
borders, which are composed of microvilli.

Under the brush

border the apical web can be identified with its large
vacuoles.

The large supranuclear vacuole is located under

the apical web above the nucleus which is located in the
basal portion of the cell.

Mucous secreting goblet cells

are present in the villi interspersed with the columnar
epithelial cells (Fig. 1 ) . In the crypt areas, specialized
Paneth cells secrete lysozyme providing intestinal antibacterial protection.
the crypt area.

Argentaffin cells are also found in

These cells contain characteristic granules

and are thought to provide serotonin, smooth muscle contraction stimulation, which is thought to increase peristaltic
action in the intestine (7).
Sephadex G-200 column fractionation of the precipitated
rat gamma globulin revealed two primary protein peaks (Fig. 2)

•
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Fig.
1.—Light micrograph of a villus from a
15 day old rat. The apical web (aw) appears as a
foamy layer beneath the surface of absorptive cells.
The nucleus (n) and the supranuclear vacuole (sv)
have a characteristic appearance. Goblet cells (gc)
are interspersed with absorptive cells in the villus.
Formal-cacodylate fixation, 1 micro thick section
from Spurr's plastic. Stained with azure II and
methylene blue (28). 540X.
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Fig. 2.—Protein in Sephadex eluate fractions
of rat serum.
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The first absorption peak represented IgM and a snail fraction of IgA.

The second peak represented IgG and the

remainder of the IgA.
immunoglobulins.

The IgA was masked by the two other

Immunoelectrophoresis of whole rat sera

revealed precipitin patterns associated with the protein
components of normal rat sera (Fig. 3A). Concentration of
the eluate volumes between 120 ml and 140 ml revealed pure
IgM immunoelectrophoretically

(Fig. 3B). Concentration of

the eluate fractions between 150 ml and 200 ml revealed a
mixture of IgA, IgM, and IgG immunoelectrophoretically
(Fig. 3C). Concentration of the eluate fractions between
210 ml and 270 ml revealed pure IgG immunoelectrophoretically (Fig. 3D).
In order to monitor non-specific absorption and nonspecific florescence several different approaches to this
problem were examined.

These included saline absorption in

15 day old rats, FITC rat globulin conjugate absorption in
25 day old rats and free FITC absorption in 15 and 25 day
old rats.

In this examination only the free fluorescein

mixture showed intestinal fluorescence.
in the 15 day old animal.

This was seen only

A weak green auto fluorescence

was seen in intestinal tissues of the other animals.

Ab-

sorption of unconjugated fluorescein, free fluorescein,
was seen in the apical end of the villus and slightly in
the lacteal area.

Uptake appearea slight as v;as seen by

Fig. 3A.—Immunoelectrophoresis of normal rat
sera. Specific immunoglobulins were easily identified
(arrows).

Fig. 3B.—Immunoelectrophoresis of IgM protein
fraction (120-140 ml Sephadex G-200 eluate).

Fig. 3C.—Immunoelectrophoresis of IgM, IgA, and
IgG protein mixture. (150-200 ml Sephadex G-200 eluate).

Fig. 3D.—Immunoelectrophoresis of IgG protein
fraction (210-270 ml Sephadex G-200 eluate).
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the fluorescence in the supranuclear vacuoles (Fig. 4).
Since FITC will bind with any protein, it is not surprising
to see it is also absorbed across the cells of the intestinal villi.

It must be remembered, however, that the con-

jugated immunoglobulins used in this series of experiments
were free of any unconjugated FITC.
The FITC human globulin conjugate appeared to be readily
absorbed by the neonatal rat villi.

Fluorescence was seen

in the apical web and supranuclear vacuole at 30 minutes of
absorption with the labeled globulin conjugate (Fig. 5).
After 60 minutes of absorption with the same human globulin
conjugate, fluorescence was not only seen in the apical
region of the villi (Fig. 6 ) , but also in the lower lacteal
area (Fig. 7 ) .
Rat IgG labeled with FITC was readily absorbed by the
villi.

Strong fluorescence after 30 minutes of absorption

was seen in the apical end of the villi, filling the supranuclear vacuole (Fig. 8). No fluorescence was seen in the
lacteal area.

At 60 minutes of absorption, fluorescence

was seen in the lacteal area (Fig. 9). No fluorescence was
seen in the crypt area of the intestine (Fig. 7). Lack of
fluorescence in the crypt area was observed in all specimens in these experiments.
The higher molecular weight IgM also appeared to be
absorbed raadily.

Strong fluorescence of conjugated IgM

Fig. 4.—Ultraviolet micrograph of a villus from
the ileum of a 15 day old rat after absorption of free
fluorescein isothiocyanate for 30 minutes. Uptake
appears poor as was seen by the fluorescence in the
supranuclear vacuole (arrows). Formol-cacodylate
fixation. 540X.

Fig. 5.—Ultraviolet micrograph of the villus
from the ileum of a 15 day old rat after absorption
of fluorescein isothiocyanate human globulin conjugate for 30 minutes. Fluorescence was seen in the
apical web and supranuclear vacuole (arrows).
Formol-cacodylate fixation. 54OX.
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Fig. 4.—Ultraviolet micrograph of a villus from
the ileum of a 15 day old rat after absorption of free
fluorescein isothiocyanate for 30 minutes. Uptake
appears poor as was seen by the fluorescence in the
supranuclear vacuole (arrows). Formol-cacodylate
fixation. 540X.

Fig. 5.—Ultraviolet micrograph of the villus
from the ileum of a 15 day old rat after absorption
of fluorescein isothiocyanate human globulin conjugate for 30 minutes. Fluorescence was seen in the
apical web and supranuclear vacuole (arrows).
Formol-cacodylate fixation. 540X.
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Fig. 6.—Ultraviolet micrograph of a 15 day
old rat villus from the ileum after absorption of
fluorescein isothiocyanate human globulin conjugate
for 60 minutes. Strong fluorescence was seen in
the supranuclear vacuoles (arrows). Formolcacodylate fixation. 540X.

Fig. 7.—Ultraviolet micrograph of a 15 day
old rat villus from the ileal lacteal region after
absorption of fluorescein isothiocyanate human
globulin conjugate for 60 minutes. Lower 1/2 of
the villus was visible. Very little fluorescence
was seen in the lacteal area or the crypt area
(arrows). Formol-cacodylate fixation. 540X.
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Fig. 8.—Ultraviolet micrograph of a 15 day old
rat villus from the ileum after absorption of fluorescein isothiocyanate rat immunoglobulin G conjugate
for 30 minutes. Strong fluorescence was seen in the
supranuclear vacuole areas (arrows). Formolcacodylate fixation. 540X.

Fig. 9.—Ultraviolet micrograph of a 15 day old
rat villus from the ileum after absorption of fluorescein isothiocyanate rat immunoglobulin G conjugate
for 60 minues. Fluorescence was seen in the lacteal
areas (arrow). Formol-cacodylate fixation. 540X.

X
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was observed in the supranuclear vacuole after 30 minutes
of absorption and a weaker fluorescence was seen in the
apical web (Fig. 10). No IgM fluorescence was seen in the
lacteal region at this time.

After 60 minutes of absorption,

fluorescence was seen in the lacteal area (Fig. 11) apparently traveling in the lymphatics.

Strong fluorescence

was seen in the villus tissues after absorption with the
IgM conjugate.

Apparently this was a demonstration of the

absence of selection for large molecular sizes by the villi
in the neonatal animal.
The maximum titer which can be attained in the serum
of the neonatal rat tends to be 1/32 of that of the immune
serum administered (13). This suggested a controlling
mechanism in immunoglobulin absorption, possibly a variation
in immunoglobulin concentration.

This mechanism was exam-

ined by injecting the neonatal animal with a greater than
normal immunoglobulin content.

Gamma globulin at a concen-

tration of 4.9 g protein/100 ml was injected into the femoral artery of 15 day old rats.

Volumes injected varied.

In general quantities greater than 0.7 ml would kill the
animals due to the circulatory overload.
allowed to circulate 10 minutes.

The globulin was

Intestinal absorption

with both the IgG and IgM FITC conjugates was attempted
subsequently.

No figures are shown but good fluorescence

in the villi was seen at 30 and 6 0 ninutes for both
conjugates.

Fig. 10.—Ultraviolet micrograph of a 15 day old
rat villus from the ileum after absorption of fluorescein isothiocyanate rat immunoglobulin M conjugate
for 30 minutes. Strong fluorescence was seen in the
supranuclear vacuole. The apical web showed a weaker
fluorescence (arrows). Formol-cacodylate fixation.
540X.

Fig. 11.—Ultraviolet micrograph of a 15 day old
rat villus from the ileum after absorption of fluorescein isothiocyanate rat immunoglobulin M conjugate
for 60 minutes. Strong fluorescence was seen in the
lacteal region. The crypt area showed no fluorescence
(arrows). Formol-cacodylate fixation. 540X.
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CHAPTER IV
DISCUSSION AND CONCLUSIONS
The transmission of passive immunity is of upmost
importance in the survival of the neonatal animal.

For

the first several weeks of life immunity obtained from
the mother by passive means acts to protect the animal
from bacterial and viral diseases.

Transmission of immu-

nity entails the transfer of large immunoglobulin molecules
across cellular membranes while retaining the normal biological activity of the immunoglobulin.

Postnatal and prena-

tal transmission occurs through an endodermal membrane.
the rat, this membrane is the gut wall.

In

Apparently, the

transfer is accomplished by the intestinal epithelial cells.
Pinocytosis by these cells is thought to be involved in at
least part if not all of the transfer.

Examination of the

apical web area reveals strong fluorescence in the small
vacuoles, apparently pinocytosis of the conjugated immunoglobulins (Fig. 10).
Transfer has been reported to be selective between
fractions of homologous protein and also between gamma globulin derived from different species.

The results of this

work showed human gamma globulin was absorbed in 15 day old
rats readily.

Apparently selection, if present, was not

completely restrictive.

It did not occur to such a degree

L3 to completely exclurle oth::r g
30
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To v;nat dcq_:-- irmunoqlcl^-^lin selection occurs is noL
fully known.

Immunoglobulins can be transferred without

loss of their structural configuration.

A specific receptor

may be necessary for transmission of the molecule.

Gamma

globulin absorption of one species interferes with the
gamma globulin absorption of another species (3), suggesting
possible competition for receptor sites.

If these receptors

do in fact exist, preferences for better fit on the receptor
molecule by the gamma globulin molecule might be the explanation for the selection between gamma globulins of different
species.

Receptor sites need not necessarily be involved

near the surface of the epithelial cell since membrane

r

limited tubules possibly act to transport large masses of

!

globulin to the supranuclear vacuole.

Final selection be-

tween globulins may actually occur in the supranuclear
vacuole since all globulin fractions appeared to accumulate
there.
Transmission of immunity in the rat occurs before birth
to a small degree, but primary transfer occurs after birth
through intestinal absorption.

Uptake of fluorescein

labeled immunoglobulin was not observed in 25 day old rats
confirming reports that absorption ceases at approximately
the 21st day.

The explanation for the cessation of immuno-

globulin absorption remains unclear.

Antibodies will appear

within 1/2 hour in the circulation attaining a maximum titer
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at 3-4 hours after feeding immune serum..

The maximum titer

attainable in the serum from a single dose of immune serum
tends to be 1/32 of that in the immune serum administered
(13).

Apparently there is a relationship between volume

of globulin absorbed and overall growth rate.

It seems

possible that uptake of maternal globulin is related to the
rate of expansion of the circulation, and accounts for the
whole of the growth increment in this fraction of serum
protein (4).
The neonatal animal ceases to absorb antibodies at
about 21 days.

An explanation for cessation of antibody

absorption could be the final development of the gastric
glands, allowing peptic digestion to occur.

This explana-

tion would account for the variance of 18 to 21 days cessation of antibody absorption between neonatal animals.
The epithelial cells on the intestinal villi are constantly renewed.

During its life span, the absorptive cell

of the villus undergoes numerous differentiative changes
that include lengthening and narrowing of the microvilli,
with the result that the free surface of apical cells is
very much greater than that of those cells near the bases
of the villi (5). Leblong and Messier (20) showed that
absorptive cells in the small intestine of the adult rat
migrate from the crypt to the tip of the villus with a
turnove"' rate of aoDroximat:elv 48 hours.

''cCcmJDS (21)

33
demonstrated a lack of fluorescence in the crypt areas of
the small intestine after labeled globulin absorption.

My

work revealed no absorption of labeled immunoglobulins in
the crypt area.

This suggested that epithelial cells that

are not fully mature do not take up globulin as readily as
the older cells on the villus tip.

Another explanation for

the lack of absorbance in the crypt area might be that the
area between the two villi (crypt area) contains a thick
mucous layer which may act to impede globulin transfer.
It has been noted that in the last few days before
cessation of antibody absorption there is a great increase
in alkaline phosphatase activity (24). Also there is a
shift in epithelial structure (26) from the short, broad
configuration of infancy to the long, narrow, mature form.
It is known that alkaline phosphatase is bound to the
membranous coat of the microvilli (7). The involvement of
alkaline phosphatase in immunoglobulin absorption is probably coincidental to the structural changes occurring in
the cell.

Alkaline phosphatase probably plays no role in

the cellular absorption of antibodies since it is greater
in the absorptive cells of the apical region of the villi
and decreased near the crypt area and remains this way even
after absorption ceases at 21 days.
McCombs (21) reported ferritin conjugates absorbed in
ileal tissue remained in the suoranuclear vacuole.

He
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speculated that the ferritin conjugate remained in the
vacuole because of its large molecular size or mass.

Work

by Bangham and Terry (1) suggested that molecular size
might be important in selective absorption in the rat villi.
In my work, it was found that labeled IgM passed readily
into the apical portion of the ileal villi and from there
passed to the lacteal region.

This observation suggested

that molecular size was not an important criterion in
absorption.

Although no experimental evidence was obtained,

the results by McCombs possibly could involve dissociation
of the globulin molecule from the ferritin molecule, allowing the ferritin molecule to remain in the supranuclear
vacuole.

The globulin would then continue through the

villus.
Very little selection was apparent in absorption of the
large and small molecular sized immunoglobulins by this technique.

Throughout all series of absorptions there appeared

no preference of uptake for one immunoglobulin over another.
All immunoglobulins were absorbed with what appeared to be
very similar intensities.

The FITC immunoglobulin conjugate

was taken up in much greater quantities than free FITC
(Figures 5, 7, and 9).

Apparently the distinction between

labeled globulins and free FITC were greater than the distinctions found between the labeled immunoglobulins.
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Halliday (11) found that absorption ceased after 3
hours when neonatal rats were fed colostrum continuously.
This phenomenon suggested a mechanism may operate to control absorption.

Absorption ceases at approximately 3

hours when the animal reaches a maximum titer.
tration of immunoglobulin controls uptake.

The concen-

Concentrated

rat gamma globulin 4.9 g protein/100 ml was injected
femorally in varying volumes.

This failed to cause cessa-

tion of antibody absorption when examined with labeled
immunoglobulins.

These results suggested a high concentra-

tion of immunoglobulins was not the controlling mechanism
in antibody absorption since fluorescence was observed.
The immunoglobulins in this study appeared to be adsorbed approximately at the same rates, regardless of molecular size.

The procedures used in this study were not

accurate enough to quantify the rates.
appears to be necessary.

Some other approach

Serum titers of each immunoglobu-

lin did not seem practical since they lack positive demonstration of the total immunoglobulin content absorbed.
Titers would not reflect true immunoglobulin levels.

Iso-

tope labeling of the fractionated immunoglobulins would
probably be the most practical approach for studying the
quantitative and differential absorption by the intestinal
villi.

CHAPTER V
SUMMARY
Although selective transmission of immunoglobulins
by neonatal rats had been reported, histological observations of fluorescein conjugated IgG and IgM indicated
each was equally absorbed.
Strong fluorescence of the labeled immunoglobulin
could be seen in the apical end of the villi after 30 minutes of absorption with both IgG and IgM fluorescein conjugates.

After 60 minutes, both conjugates had traveled into

the lacteal area and appeared to be traveling through the
lymphatic system.

No preference of uptake could be demon-

strated for either of the immunoglobulins.

Apparently

molecular size was not involved as the selective process in
absorption.
Labeled human globulin was found to be absorbed in the
15 day old rat after 30 minutes, appearing in the lacteal
area after 60 minutes.

No absorption of either human or

rat labeled globulins took place in 25 day old animals.
Absorption of free fluorescein took place but not to the
degree of labeled immunoglobulins.

No absorption of labeled

immunoglobulins could be demonstrated in the crypt areas.
Supranuclear vacuoles were noted in the apical region of
the villi.
36
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Cessation of immunoglobulin absorption was examined
in its relationship to circulating gamma globulin.

Concen-

trated gamma globulin, injected femorally, brought no apparent decrease in absorption.

These results suggested thaL

immunoglobulin titer was not the controlling miechanism in
cessation of immunoglobulin absorption.
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