A STUDY OF THE EFFECTS OF CAFFEINE ON THYMUS GLAND
DEVELOPMENT AND BIRTH WEIGHT IN MICE OF THE BALB/c STRAIN

Submitted in Partial Fulfillment of the Requirements
for Graduation with Honors to the Department of Biology
at Carroll College, Helena, Montana

Scott Walker Nye
March 30, 1987

3 5962

00063

ccrette library
C/SPROLL COH ERE

This thesis for honors recognition has been approved

for the Department of Biology by:

March 30, 1987

4

TABLE OF CONTENTS

ACKNOWLEDGEMENTS...........................................................................

iii

ABSTRACT.....................................................................................................

iv

LIST OF TABLES.....................................................................................

v

LIST

*

OF FIGURES...................................................................................

INTRODUCTION..........................................................................................

1

LITERATURE REVIEW...........................................................................

3

Chemical Properties of Caffeine....................................................
Metabolism of Caffeine...............................................................
Physiological Effects of Caffeine..................................................
Effects of Caffeine on Embryological Development.....................
Effects of Caffeine on the Immune System.................................
Immune System..............................................................................
Humoral Immunity.........................................................................
Cell-Mediated Immunity.................................................................
T-lymphocytes..................................................................................
T-lymphocyte Ontogeny......................
T-lymphocyte Circulation, Recirculation.....................................
Thymus Gland...................................................................................
Thymus Gland Ontogeny................................................................
Thymus Gland Structure..............................................................
Thymic Involution.............................................................................

3
4
6
7
7
10
10
11
12
12
13
14
15
15
18

MATERIALS AND METHODS..................................................................

19

RESULTS.........................................................................................................

21

Histological and Pathocytological..................................................
Thymus Gland Weight Comparison.............................................
Birth Weight Comparison...............................................................
Thymus Gland Weight To Birth Weight Ratio Comparison...........
Statistical Analysis...........................................................................

21
21
21
25
25

DISCUSSION..................................................................................................

33

LITERATURE CITED..................................................................................

37

ii

♦

vi

ACKNOWLEDGEMENTS

I would like to express my thanks to Fr. Joseph Harrington, my director, for his
help and encouragement in carrying out this project. I would also like to thank Dr. John
Addis and Mr. Henry Burgess for their valuable assistance in the tedious task of reading this
paper and offering suggestions for improvement. A special thanks goes to Dr. Jack

Stimphling of the McLaughlin Research Institute in Great Falls for his donation of laboratory
mice. I wish to thank Mrs. Bonnie Lofthouse of St. Peter's Hospital for her assistance in the

making of the microscope slides, and also a thank you goes to Dr. Roger Landers of St.

9

Peter's Hospital for his expertise in helping with the histological examination of the slides.
Finally, I would like to thank my family and friends for giving me the support and

encouragement necessary to complete this project.

iii

ABSTRACT

Female mice of the BALB/c strain were injected with caffeine for fifty days, during

which time they gave birth to two litters. Subcutaneous injections of a 0.84 mg/ml and a
1.68 mg/ml caffeine solution were given to the two experimental groups of females. The

control group received injections of saline only. Thymus glands from the pups of the second

set of litters bom were removed, weighed, and examined histologically. Birth weights of the
pups were recorded. Comparative histological examination of the thymus glands reveals a
higher epithelial reticular cell to T-lymphocyte ratio in the caffeine receiving groups.
Statistical analysis of thymus gland and birth weights of the caffeine receiving groups shows
a significant difference when compared to those of the controls.
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INTRODUCTION

Caffeine is an alkaloid found occurring naturally in the coffee, tea, and cocoa plants.
It is used typically as a flavoring agent in diets throughout the world. In the United States,

caffeine is consumed in the diet mainly via coffee, tea, and soft drinks.
Caffeine is well known for the effect it produces on the central nervous system.

Stimulation of the cerebral cortex and medulla occur, causing an increase in mental

awareness, and a reduction in fatigue. Epinephrine secretion is common when caffeine is
ingested in excessive amounts, causing an increase in metabolic activity within the body.

Studies indicate caffeine causes an increase in heart rate, and blood pressure, as well as
promoting the contraction of skeletal muscles (Dews, 1984).

Graham has estimated that approximately 75% of caffeine consumed per capita in the
United States is in the form of coffee, with tea accounting for another 15% (Dews, 1984).

The Market Research Corporation of America has shown in a recent survey that the mean
caffeine intake is 2.16 mg/kg for adults, with caffeine consumption by children ranging from

0.18 mg/kg to 1.2 mg/kg depending on the age group (Dews, 1984).
Studies have been done showing that caffeine appears to cause a reduction in birth

weights in laboratory animals. When such a study is extended to humans, there are other
variables that may account for any adverse effects that caffeine may have (Linn et al., 1982).
Few studies have been done involving the effects caffeine has on the immune
system.

The purpose of this paper is to examine any effects that caffeine may have on the
birth weight and development of the thymus gland in the BALB/c strain of mice. Statistical
analysis as well as direct histological examinations were employed in the interpretation of the
1

results.

LITERATURE REVIEW

Chemical Properties of Caffeine

Caffeine is found naturally in the Coffea arabica , Thea sinensis , and Theobroma
cacoa plants. World-wide, caffeine is used as a flavoring agent in coffee, tea, chocolate, and

various soft drinks.
Caffeine (1,3,7- trimethylxanthine) is a derivative of the xanthines. Other related

xanthines are threobromine, theophylline, and paraxanthine. Figure 1 shows the chemical

structure of these xanthines.

Caffeine
1,3,7-trimethyl
xanthine

Theophylline
1,3-dimethyl
xanthine

Paraxanthine
1,7-dimethyl
xanthine

Theobromine
3,7-dimethyl
xanthine

Figure 1. Chemical structure of xanthines.

Structurally, caffeine is a pyrimidine/imidazole bi-cyclic ring complex.
3

Both rings are
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interconnected by the two carbons at positions four and five. The complex is methylated at

the one, three, and seven carbon positions to give caffeine. The

of caffeine is 0.7 xieH4

at 19°C and has a Ka less than 1.0 x 10‘14 at 25°C.

Metabolism of Caffeine
Metabolism of caffeine in the mouse has been studied extensively through the use of

radiolabeled chemicals.

Upon introduction into the body, caffeine is subjected to numerous metabolic
modifications, resulting in a broad spectrum of tissue dispositions. Burg and Werner (1971)

reported that within five minutes of receiving a single oral dose of 5 mg/kg of [^H, ^4C],

radiolabeled ^4C appeared in all tissues of the CD-I mouse. At one hour, an increase of

radiolabeled ^4C was found in the tissues, but at eight hours, the tissue radioactivity levels

decreased as shown in Table 1. Burg and Werner estimated the half life of caffeine within the
body to be approximately three hours. The remaining unrecovered radioactivity was excreted
or deposited in unsampled tissues such as the intestines and adipose tissue.

Metabolic studies further indicate that radiolabeled caffeine (and its metabolites) are

rapidly excreted from the body within 48 hours of administration. Mice that received
radiolabeled caffeine (7-10 |iCi, 4 mg/kg, in 500 (il water) by stomach cannulation, (Amaud,

1985), excreted 70.0 ± 4.5 percent of the administered dose in their urine. Fecal elimination
of [1- Me^4C] caffeine appeared minimal (3.9 + 1.3 percent) in the study. Breath tests

revealed 13.9 ± 0.9 percent of administered dose was expired.
Examination of urinary metabolites reveals that caffeine is transformed metabolically

once incorporated into the body.
are its

The main metabolic pathways undertaken by caffeine

conversion to theophylline, theobromine, and paraxanthine which result from

the demethylation of different positions on the caffeine molecule. The metabolite 1,3,7-DAU
(6-amino-5-[N-formethylamino]-l,3-dimethyluracil) is also a product from the metabolism of

caffeine in the body. Only nine percent of the drug remains in its original form after eight

5

5 min.

1 hr.

8 hr.

Brain (0.37g)*

0.57

0.58

0.04

Heart (0.15)

0.31

0.29

0.04

Kidney (0.47)

1.06

2.40

0.35

Liver (1.77)

6.6

6.9

2.0

Lungs (0.26)

0.65

0.73

0.20

Spleen (0.17)

0.60

0.29

0.10

Testes (0.24)

0.17

0.32

0.08

Muscle (12.9)

21.2

23.8

3.6

Plasma (1.46 ml)

3.54

4.52

0.60

Erythrocytes (0.87 ml)

0.60

0.58

0.10

Table 1. Percent administered of total
C radioactivity recovered in tissues of CD-I mice
at 5 min., 1 hr., and 8 hr. (Burg and Werner, 1971). *Average weight of organ
tested given in parentheses.

The formation of theophylline occurs when caffeine undergoes demethylation at the

seven carbon position.

Demethylation of theophylline leads to the formation of 1,3-

dimethyluric acid and 1- methylxanthine which is eventually converted into 1- methyluric

acid. Both 1-methylxanthine and 1-methyluric acid are major caffeine metabolites in the
mouse.

Theobromine serves as an intermediate in the formation of various uric acids such as
3,7- dimethyluric acid and 3- methyluric acid.
Paraxanthine formation occurs by demethylation of caffeine at carbon position three.

Further metabolism of paraxanthine gives 1,7-dimethyluric acid (a major metabolite) as

well as other intermediate urinary metabolites. A recently discovered polar metabolite, "X3",
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results from the metabolism of paraxanthine.
The allantoic metabolite 1,3,7- DAU is formed from caffeine and has recently been
found to be a major caffeine metabolite. Table 2 shows the amounts of these metabolites as a
percentage (mean + SEM) of the total urine radioactivity (Amaud).

X3 (polar metabolite)

22.2 ± 2.9

1-Methyluric acid

9.8 ± 0.9

1,3-Dimethyluric acid

7.9 ±0.5

1,7- Dimethyluric acid

7.0 ±0.2

1,3,7-DAU

11.6 ±0.7

Paraxanthine

16.9 + 1.1

Caffeine

Other metabolites

2.2 ± 0.3
22.2 ± 2.4

Table 2. Percentage of total urine radioactivity in NRMI mice 24 hrs. after oral
dosing. (Amaud).

Physiological Effects of Caffeine
The main physiological effects of caffeine is the stimulation of the central nervous

system by causing stimulation of the cerebral cortex and medulla. It is thought that caffeine
stimulates the release of catecholamines from both the sympathetic nerves and the adrenals

(Dews, 1984). Epinephrine has been found in higher than normal concentrations in animals

when caffeine is injected. Increased metabolic rates of man and animals has been linked to
caffeine, due to catecholamine release (Goth, 1972). Caffeine in addition to having an

antagonistic effect on fatigue appears to stimulate clear thinking by causing an increase in
various thought processes (Dews, 1984).

Other physiological effects of caffeine include an increase in heart rate and blood

7
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pressure. Individual cells of blood vessels appear to be affected by caffeine causing the

overall contraction of the vessel. Certain voluntary muscles of the cardiovascular system are
affected as well.

Caffeine is known to cause an increase in intracellular levels of cyclic AMP by
inhibiting the action of the enzyme phosphodiesterase. Phosphodiesterase acts to convert

cyclic 3',5'-AMP into 5' AMP (Goth, 1972).

Effects of Caffeine on Embryological Development
Studies involving the effects of caffeine on embryological development of Dub: ICR

and CF1 strains of mice (Spindle and Wu,1985) have shown that caffeine has adverse effects

on blastocyst development, inner cell mass development (ICM), and trophoblast outgrowth.
Spindle and Wu have noted that at a ImM dose of caffeine, only the differentiation

*

of the ICM was affected. The total number of ICMs as well as the number of differentiating
ICMs, decrease with a 2 mM dose. Finally, at a 4 mM dose, trophoblast growth failed to

form on the attached blastocysts. Proliferation of blastocyst cell numbers was reduced
significantly at a 4 mM dose of caffeine. In conclusion, the researchers stated that caffeine

affects ICM growth more severely than blastocyst development or trophoblast outgrowth.
The ICM eventually differentiates into the ectoderm, endoderm, and mesoderm germ layers

of the embryo (Carlson, 1981).

Numerous studies have been done which focus on

caffeine as a teratogenic agent in animals. Caffeine dosage levels of 50 mg/kg/day, have
been

shown to induce craniofacial malformations in mice.

Other defects such as

ectodactyly, cleft palate, and occasional organ and skeletal abnormalities have been known to
be caused by caffeine ingestion during development (Browder, 1982).

Effects of Caffeine on the Immune System
There are two proposed mechanisms that attempt to explain the effect of caffeine on
the immune system.
The first mechanism hypothesizes that caffeine and other methylxanthines have an

8

inhibitory effect on phosphodiesterase, causing an alteration in the anaphylactic reaction that
occurs when there are low levels of cAMP present.

In an anaphylactic reaction, a series of biochemical events occurs which convert

ATP to cyclic 3', 5'- AMP by energy supplied in the hydrolysis of ATP. Low levels of

cyclic 3', 5'- AMP stimulate histamine and serotonin release by basophils and mast cells.
Caffeine affects this reaction by inhibiting phosphodiesterase, an enzyme present which

breaks down cyclic 3', 5'- AMP into 5'- AMP. Inhibition of phosphodiesterase leads to
high levels of cAMP which prevents histamine and serotonin release (Goth, 1972). Caffeine

is sometimes used as a pharmaceutical for asthma treatment for this reason.
Opposition to this proposed mechanism has arisen from studies which show caffeine

has a relatively low potency as an inhibitor of phosphodiesterase (Dews, 1984).
A second proposed mechanism suggests that caffeine has an antagonistic effect on
adenosine by binding to adenosine receptors present on cell plasma membranes. Figure 2

shows the structure of adenosine with its pyrimidine/imidazole ring complex.

Studies have shown (Dews, 1984) that caffeine does act as an antagonist of
endogenous adenosine by correcting reduced heart rates and blood pressure induced

by adenosine injection.
Suppression of cardiovascular responses to norepinephrine and acetylcholine
resulting from endogenous adenosine can be induced by caffeine (von Borstel et al., 1983).

Dinjens et al. (1986) has shown that adenosine receptors are present on the surfaces
of thymocyte and T-lymphocyte plasma membranes. T-lymphocytes and thymocytes were

treated with adenosine in the presence of various chemicals including Ro 20-1724 which

is an inhibitor of phosphodiesterase. Intracellular levels of cAMP were measured, showing
T-lymphocytes incubated in the presence of 10 (iM 2-chloroadenosine + 0.5M Ro 20-1724
had the highest increase of intracellular cAMP. When T-lymphocytes were incubated in the

presence of adenosine only, the level of intracellular cAMP rose rapidly, but then declined
and reached its normal level within 15 minutes.

Comparative studies between the

T-lymphocytes and thymocytes were done, showing the basal intracellular level of cAMP
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in human T-lymphocytes is significantly greater than the basal level of cAMP in human

thymocytes. It was concluded that, in the presence of the phosphodiesterase inhibitor, high
levels of adenosine induced intracellular cAMP resulted.

Studies involving the effects of adenosine on the immune system have shown a

possible relation between lymphocyte mediated cytolysis and intracellular levels of cAMP
(Wolberg, et al., 1975).

Lymphocyte

H

mediated cytotoxicity

\z

(LMC)

is

inhibited

H

HOH,Co

ADENOSINE

Figure 2. Structure of adenosine.

by high levels of lymphocyte cAMP, which have resulted from increased levels of

adenosine. In-vitro grown mouse tumor cells were destroyed by T-lymphocytes due to
inhibition of their normal immune response.

Toxicity studies on the thymus gland invloving caffeine (Gans, 1983) showed no
significant decrease in thymus weight relative to body weight in rats fed a 0.5 percent dose of

caffeine in their diet. Thymic atrophy as well as cortical lymphocyte loss was prevalent in
rats fed a 0.5 percent theobromine diet. Decreases in thymus weight relative to body weight
proved to be significant with theobromine.

10

Immune System

The immune system functions to protect the organism against foreign invaders such
as bacteria, viruses, protozoans, and larger parasites. Other functions include distinction of

"self' from "non-self* in tissue graphs, and the identification and destruction of those cells

that may have been transformed into cancerous cells.
The immune system is comprised of numerous components. The thymus gland,

(gives rise to T-lymphocytes) and the bursa of Fabricius ,which is found only in birds (gives

rise to B-lymphocytes) are known as the central organs of the immune system. The
peripheral organs of the immune system consist of the spleen, tonsils, lymph nodes, lymph

fluid, and "gut associated" organs such as Peyers patches and the digestive mucosa. The
immune system is divided into two components. The first component, humoral immunity,

is responsible for specific antibody production such as those responsible for immediate
hypersensitve reactions (eg. anaphylaxis).

Humoral immunity is transferable mainly by

cell-mediated immunity, which is transferable by lymphoid cells, but not by serum.

Cell-mediated immunity involves graft rejection, graft-versus-host reactions, delayed
hypersensitivity reactions, and immunity against bacterial and viral infections (Bach, 1982).

Humoral Immunity

Humoral immunity is a process whereby immature B-lymphocytes recognize
molecular configurations such as those on the surfaces of antigens. The recognition of these
antigenic determinants then activates a series of events that leads to the production of an

antibody and the eventual elimination of the associated antigenic structures (Anthony and

Thibodeau, 1979).

Immature B-lymphocytes originate from certain hemopoietic stem cells circulating
within the fetus.

In birds, these hemopoietic stem cells develop into immature

B-lymphocytes within the bursa of Fabricius; in mammals, however, the exact site of

stem cell maturation remains unclear. There is some speculation that the fetal liver may
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serve as stem cell development site.
The immature B-lymphocytes begin to synthesize immunoglobulin molecules that

are mainly of the IgM and later IgD classes. These antibody molecules are then placed on the
B-lymphocyte cell surface. It has been estimated that as many as 1.5 x 10^ molecules of
immunoglobulin may be present on the surface of a mature B-lymphocyte (Kimball, 1983).
These immunoglobulins carried on the surface serve as binding sites for specific antigens

which may enter or already be present in the body. These immature B-lymphocytes migrate
to the peripheral organs of the immune system. Some are recirculated throughout the

lymphatic ducts.
Once an antigen is recognized by its complementary immunoglobulin molecules on

the surface of the immature B-lymphocytes (usually while in the spleen or lymph nodes),

an antigen-antibody complex is formed. The formation of this complex results in the
transformation of the immature B-lymphocytes into activated B-lymphocytes. This activated

B-lymphocyte immediately undergoes rapid cloning, resulting in the production of two new
cell types: plasma cells and memory cells.
The plasma cells begin secretion of large amounts of antibodies causing the

formation of more antigen-antibody complexes.

These complexes function mainly by

causing the transformation of the toxic antigen into an inactivated, non-toxic state, or by
causing the agglutination of the antigen bearing molecules. Once agglutination has occurred,

phagocytosis of the mass usually occurs (Anthony and Thibodeau, 1979).
The memory cells remain inactive. Should these memory cells contact a copy of the

same antigen at a later time, they will be converted into activated plasma cells.

Cell-Mediated Immunity
Cell-mediated immunity involves activation of T-lymphocytes by the contact of these

cells with foreign antigens. Once the T-lymphocytes are activated, they secrete a series of
soluble factors known as lymphokines. These lymphokines exhibit a large array of functions
in the cell-mediated immune reaction.

12

e
T-lymphocytes
T-lymphocytes function by secreting a series of lymphokines upon contact with a
foreign antigen. Lymphokines are soluble factors released during cell-mediated immune

reactions once the T-lymphocyte has been activated by contacting the antigen. Numerous

lymphokines and their functions have been ellucidated as shown in Table 3. T-lymphocytes
function to initiate the cell-mediated immune response which acts in conjunction with the
humoral response.

T-lymphocyte Ontogeny
The T-lymphocytes originate from cells of the embryonic yolk sac (Bach, 1982).

These precursors later migrate to the red bone marrow of long bone shafts where they
remain throughout adult life. The hemopoietic stem cells in the bone marrow then
migrate to the thymus gland for activation on the 12th day of gestation in the mouse (Bach,

1984). At the 12th day, the thymus is composed of epithelium and mesenchyme cell types.
It has been shown that fully differentiated T and B-lymphocyte cells are derived from
mesenchymatous cells that have migrated from the blood to colonize the epithelium of the

thymus through studies by Le Douarin et al., 1980.

Once differentiation of these

mesenchymatous cells into thymocytes has occured, the thymocytes are incorporated into the

cortex of the thymus gland.

These thymocytes are distinguishable from mature

T-lymphocytes by surface antigens they express. In the mouse, there are five major antigens
that predominate, the thymus leukemia (TL) antigen, the Lyt-1, Lyt-2, Lyt-3 antigens, and
the Thy-1 (or 9) antigen.
The exact mechanism of T-lymphocyte maturation from thymocytes is still not clear.

Kimball has proposed that cortical thymocytes migrate into the medullary zone of the
thymus. As migration occurs, the thymocytes lose their TL antigens. Bach has proposed
that cortical thymocytes give rise to mature T-lymphocytes directly rather than migrating

into the medulla. Thymocytes found in the medulla give rise to a different line of mature

T-lymphocytes, resulting in two distinct populations of T-lymphocytes.
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Effects observed

Target cells

Lymphokine
factors

macrophages

migration inhibitory
factor (MIF)

inhibits macrophage
migration in vitro

macrophage activating factor
(MAF)

induces, increases cytotoxic
effect of macrophages
against tumor cells
increases macrophage
adherance

macrophage mitogenic
factor

induces macrophage
proliferation

basophils

basophil chemotactic
factor (BCF)

attracts basophils

neutrophils

neutrophil chemotactic
factor (NCF)

attracts neutrophils

leukocytes

leukocyte migration
inhibitory factor (LIF)

inhibits leukocyte migration

hemopoietic
cells

colony stimulating
factor (CSF)

stimulates differentiation of
bone marrow stem cells in
myeloid or monocytic cells

Table 3. List of various lymphokines secreted by T-lymphocytes during cell-mediated
immune response. (Adapted from Bach, 1984).

Bach (1982) has proposed that T-lymphocyte maturation may be under the control of

facteur thymique serique (FTS). FTS has the ability to induce numerous functional changes
(including developmental) in T-lymphocytes both in vitro and in vivo. It has also been noted
that FTS has the capacity to induce the appearance of the 0 antigen on bone marrow

precursor cells.

T-lymphocyte Circulation and Recirculation

Once mature, the T-lymphocytes leave the thymus gland and migrate to the

thymus-dependent areas of the peripheral lymphoid system. A small number of mature
CORETTE LIBRAR/

CARROLL COLLEGE
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T-lymphocytes have been found to circulate and recirculate through the blood. The method

by which they recirculate is peculiar in the way by which T-lymphocytes are able to cross

directly from the inside of a postcapillary venule into a lymph node or Peyer's patch in the
intestinal mucosa. These cells are then eventually returned to the blood by way of the
thoracic duct which empties into the left subclavian vein. The process of circulation and

recirculation is important in that foreign invaders may be recognized wherever their location
may be in the body.

Thymus Gland
The thymus gland is a white bilobed organ located in the upper anterior mediastinum

of mammals at the level where the major vessels empty into the heart. The thymus touches

the pericardium dorsally.

*

Functionally, the thymus serves to transform hemopoietic stem cells into thymocytes

and mature T-lymphocytes which are integral components of the cell-mediated immune
response.

Studies have shown that if a neonatal thymectomy (NTx) is performed in mice

(Miller and Good from Kimball, 1983), cell-mediated immune reactions such as delayed

hypersensitivity do not occur. A decline in circulating lymphocytes (lymphopenia),
diarrhea, weight loss, and poor appearance results as a consequence of NTx. Rejection of
allographs do not occur after a NTx has been performed. Other effects of a NTx include
atrophy of other lymphoid organs and the depletion of all thymus dependent zones of

peripheral lymphoid structures.

The thymus gland is thought to secrete various thymic hormones, such as FTS

(Bach, 1982) which apparently acts to stimulate lymphocyte maturation and possibly has a
role in antigen production by T-lymphocytes. Thymosin, another thymic hormone is thought

to function in lymphocyte development stimulation and confers on lymphocytes elsewhere in
the body to respond to antigenic stimulation.

15
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Thymus Gland Ontogeny

The thymus gland is the first lymphoid organ to develop in mammals and birds, and

develops independently of any antigenic stimulation. In the mouse the thymus develops
from the third and fourth pharyngeal pouches which are of endodermal origin. Eventually,

the two masses of developing epithelial tissue dissociate from the pharynx on the 12th day of

gestation and migrate to their final position in the upper thorax.

A bridge of connective

tissue develops that connects the two tissue masses resulting in the bilobed thymus

gland. The thymus is initially composed of epithelial and mesenchyme tissue. The epithelial

tissue remains through adult life, comprising the epithelial reticular cells. On the 12th
day of gestation, lymphocyte precursors (hemopoietic stem cells) migrate to the thymus

where they are transformed into thymocytes.
In mice, the thymus does not become functionally mature until about two weeks

after birth; whereas, in humans, it has been estimated that thymus development has reached

functional maturity at the 20th week of gestation.

At birth, the thymus gland weighs

approximately 5.0 mg in mice and 12 - 15 g in man.

The thymus gland begins to

degenerate (involute) at six weeks of age in mice and around the time of puberty in man.

Thymus Gland Structure
The thymus gland consists of lobules that are between 0.5 - 2mm in diameter. Each

lobule consists of a medullary zone containing loose connective tissue that is surrounded by a

cortical component rich in T-lymphocytes. Surrounding the thymus gland, is a capsule of
connective tissue. Figure 3 is a photomicrograph showing a section of mouse thymus gland
at 200x.

T-lymphocytes are by far the most abundant of all cells contained in the thymus.
Precursors to these T-lymphocytes are also found in various stages of maturation, as well as
macrophages and a few mesenchymatous reticular cells. Epithelial reticular cells are found

throughout the thymus, most notably in the medulla. Epithelial reticular cells are unique

16
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Figure 3. Photomicrograph of mouse thymus gland. Cortex (CO) with
rich concentration of T-lymphocytes (dark staining nuclei), and
medulla (M) with light staining epithelial reticular cells are present.
H & E stain, x 200.

Y1
•

since they lack reticular fibers. The result is that the reticulum of the thymus is comprised

mostly of cellular processes. These epithelial reticular cells are interconnected by way of

numerous desmosomes. During embryonic development, the epithelial reticular cells

surround small masses of mesenchymatous cells that will eventually proliferate, forming
T-lymphocytes.

As the lymphocytes mature, the epithelial reticular meshwork is

stretched, leaving a complex stellate epithelial reticular cell network.

The cortex of the thymus gland is filled with lymphocytes

in different

stages of development. The cortex is an area of extensive mitotic division. Large
lymphocytes are found in the outer or subcapsular area of the cortex, while smaller

lymphocytes are located within the deep cortex. The small lymphocytes found in the

subcapsular cortex of the mouse thymus possess the TL and 9 antigens. Cortex-produced
lymphocyte cell death is frequently observed in the cortex. The dead cells are phagocytized
by cortical macrophages before they are released. Plasma cells are not generally found in the

thymic cortex.
The presence of the epithelial reticular cells in the cortex is especially important in the

establishment of the blood-thymus barrier (Junqueria and Cameiro, 1983). The epithelial
reticular cells surround small masses of developing lymphocytes, isolating them from other

tissue components of the thymus gland. This prevents exposure of the developing and

programmed T-lymphocytes to antigens that are circulating within the blood. The supply in
the cortex which consists only of capillaries, is also sheathed in the epithelial reticular cell
network, adding to the blood-thymus barrier.

The medulla of the thymus is comprised of numerous epithelial reticular cells and
Hassell's corpuscles. The exact function of Hassell's corpuscles is widely disputed.

Various theories suggest they may be active organelles responsible for secretion of thymic
hormones (Bach, 1982), or they may be an integral component in the development of the

epithelial reticular cells (Junqueria and Cameiro, 1983).

Medullary lymphocytes are the most mature of all lymphocytes found within the

thymus gland.

The thymus-blood barrier is absent, suggesting that indeed the
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T-lymphocytes in this area are now programmed and unsusceptible to antigens found in the

blood.

It is thought that the mature T-lymphocytes are released into the efferent venules

present in the medulla.

Thymic Involution
At six weeks of age in the mouse, and the time of puberty in man, the thymus gland

undergoes a degenerative process known as involution. Thymic atrophy (involution) begins
initially in the cortex, which becomes progressively thinner. Adipose tissue invades the

cortex, leaving only a few isolated patches of lymphocytes at 18 months of age in the mouse,
and around sixty years of age in man. The medulla is somewhat more resistant to involution,

due to the presence of high numbers of epithelial reticular cells; however, adipose tissue is
also found in the medullary region upon postmortem examination.

MATERIALS AND METHODS

Experiments were conducted using BALB/c mice approximately six to seven months

of age supplied by the McLaughlin Institute of Great Falls, Montana. Forty two female mice

were randomly divided into three groups of fourteen. One group served as a control, which

received saline injections only, while the other groups received injections of caffeine
dissolved in saline. Each of these three groups were further divided into four groups of three
mice each and one group of two mice. These fifteen groups of females were placed in

separate cages. One male mouse was placed in each cage for breeding purposes. The
q

experiment proceeded for fifty days. The animals were fed Purina Laboratory Rodent Chow
throughout the experiment.

The mice of the control group (S) were given one 0.2 milliliter subcutaneous
injection of a M/15 sodium chloride solution each day for fifty days. One experimental

group of mice (E-l) received one 0.2 milliliter subcutaneous injection of caffeine (Sigma) in

saline for fifty days. The caffeine concentration was 0.84 mg/ml. The second experimental

group (E-2) receiving caffeine was given one 0.2 milliliter subcutaneous injection of caffeine
(1.68 mg/ml) each day for fifty days. The male breeders received no injections.

The females gave birth to two litters during the experiment. The first litter was not

used during the experiment. The second litter was used to obtain the data upon which this
paper is based.

Within twenty four hours following birth, the pups were removed from the mother

and weighed. The pups were sacrificed and an incision made the length of the thorax to
allow for exposure of the thymus gland to the fixative: 0.05 M sodium phosphate buffered
formalin solution of 5%. After three weeks in the fixative, the thymus glands were removed.
19

20
The thymus tissue was removed with the aid of a 20x dissecting scope. Once the

thymus was removed from the body, any extraneous tissue was removed from it using a
probe and forceps. The gland was placed on a piece of lint-free toweling for one minute
before weighing to allow for absorption of the fixer, promoting a more accurate weighing of

the glands. The glands were weighed individually on a Mettler Digital Analytical Balance to
the nearest tenth of a milligram.

For microscopic examination of the glands, serial sections were taken from three
representative thymus glands of each group. Sections were cut between four and five
micrometers and mounted on microscope slides. The slides were stained with eosin and
hemotoxylin and covered with a coverslip. Sectioning, mounting, and staining process was

done with the help of a histology technician at St. Peter's Hospital.
The actual histological examinations were made by Dr. Roger Landers, a registered
pathologist at St. Peter's Hospital. The slides were viewed using an American Optical light

microscope at 400x.

Photomicrographs were taken of the thymus sections using a Nikon AFX-II
photomicrographer. Kodak black and white Panatomic X film with an A. S. A. of 32 was

used. Photomicrographs were taken at fifty and one hundred power, with and without a
green interference filter.
Statistical comparisons of the thymus gland, birth weight, and thymus gland weight
to birth weight ratios were done using the statistic for large-sample test concerning the
difference between two means at a 0.95 percent confidence level.

RESULTS

Histological and Pathocvtological
Comparative histological examination of representative thymus sections taken from
the C (control), E-l (0.84 mg/ml caffeine), and E-2 (1.68 mg/ml caffeine) groups reveals a

higher epithelial reticular cell to T-lymphocyte cell ratio in the cortex of the glands of the E-l
and E-2 groups.

Sections of E-l and E-2 groups also show a lesser degree of

vascularization when compared to the glands of the C group. Figure 4, a photomicrograph
of a representative section through the thymus gland of the E-2 group shows an extensive
number of epithelial reticular cells running through the medulla and extending out into the
cortex. Figure 5, a photomicrograph of a representative section through the thymus of the

E-l group, also shows a high number of epithelial reticular cells in the cortex. Figure 6 is a

photomicrograph of the representative section through the C group.

Thymus Gland Weight Comparison
A significant difference (at a 0.95 confidence level) is found when thymus gland
weights of the E-l group are compared statistically to the C group. Statistical analysis of the
E-2 thymus weights in comparison to the C gland weights also shows a significant difference

as shown in Table 4.

Birth Weight Comparison

Statistical comparison between the E-l group and C group birth weights shows no
significant difference at a 0.95 confidence level. Birth weight comparison between the

E-2 and C groups shows a significant difference statistically. Statistical data is shown in

♦
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Figure 4. Photomicrograph of mouse thymus gland from E-2 (1.68 mg/ml
caffeine) group. Cortical section is shown. Extensive epithelial
reticular cell (E) network is present. Capillaries (CA) are visible.
H&E stain, x 330.
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Figure 5. Photomicrograph of mouse thymus gland from E-l (0.84 mg/ml
caffeine) group. Cortical section is shown. Numerous epithelial
reticular cells (E) are shown. H&E stain, x330.
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Figure 6. Photomicrograph of mouse thymus gland cortex from control (C)
group. Numerous T-lymphocytes are visible. Epithelial reticular
cells (E) are present but not prominent. Capillary (CA) is
visible. H&E stain, x 330.
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Table 4.

Thymus Gland Weight To Birth Weight Ratio Comparison
Comparison of the thymus gland weight to birth weight ratio of the E-l (0.84 mg/ml
caffeine) and E-2 (1.68 mg/ml caffeine) groups to the C (control) group, shows a significant

difference at a 0.95 confidence level. Statistical data is shown in Table 4.

Statistical Analysis
Thymus gland weight comparisons, birth weight comparisons, and thymus gland

weight to birth weight ratios were done using the statistic for large-sample test concerning
difference between two means, based on a 0.95 confidence level (Freund, 1979). Tables 5,

6, and 7 show individual thymus weights, birth weights, and thymus gland weight to birth
weight ratio of the C (control) and E-l, and E-2 (caffeine receiving experimental groups).

Table 8 shows the mean thymus and birth weights with their standard deviations as

calculated from data listed in Tables 5, 6, and 7. Table 4 shows statistical formula and data
used to determine significant differences referred to above.
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Thymus weight comparison

C (control) compared to E-l (0.84 mg/ml caffeine)

Z = 4.13

C (control) compared to E-2 (1.68 mg/ml caffeine)

Z = 5.80

Birth weight comparison

C (control) compared to E-l (0.84 mg/ml caffeine)

Z = 0.57

C (control) compared to E-2 (1.68 mg/ml caffeine)

Z = 3.88

Thymus gland weight/Birth weight ratio comparison
C (control) compared to E-l (0.84 mg/ml caffeine)

Z = 5.86

C (control) compared to E-2 (1.68 mg/ml caffeine)

Z = 5.57

Z-Score greater than 2.58 (95% confidence level) shows significant difference at:

Table 4. Statistical data of control group (C), caffeine experimental group (E-l), and
caffeine experimental group (E-2) showing Z-scores indicating significant
or no significant difference. ( Raw data for above table is listed in Tables
5, 6, and 7).
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Number

Z

Thymus weight (g)

Birth weight (g)

Thymus gland weight/
birth weight ratio

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

0.0069
0.0063
0.0060
0.0044
0.0046
0.0057
0.0053
0.0047
0.0044
0.0053
0.0039
0.0071
0.0050
0.0033
0.0070
0.0050
0.0050
0.0041
0.0045
0.0037
0.0048
0.0031
0.0060
0.0059
0.0059
0.0033
0.0079
0.0034
0.0036
0.0043
0.0042
0.0046
0.0044
0.0041
0.0045
0.0035
0.0044

1.62
1.62
1.62
1.55
1.31
1.47
1.45
1.38
1.36
1.42
1.32
1.50
1.41
1.10
1.79
1.36
1.40
1.34
1.33
1.24
1.37
1.13
1.45
1.35
1.39
1.05
1.84
1.33
1.32
1.42
1.38
1.50
1.43
1.47
1.43
1.34
1.52

0.0043
0.0039
0.0037
0.0028
0.0035
0.0039
0.0037
0.0034
0.0032
0.0037
0.0030
0.0047
0.0035
0.0030
0.0039
0.0037
0.0036
0.0031
0.0034
0.0030
0.0035
0.0027
0.0041
0.0044
0.0042
0.0031
0.0043
0.0026
0.0027
0.0030
0.0030
0.0031
0.0031
0.0028
0.0031
0.0026
0.0029

37

0.1801g

52.31g

0.1262

Table 5. Number, thymus weights, birth weights, and thymus gland weight to birth weight
ratios of control group (C) which received saline only during experiment.
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Number

Thymus weight (g)

Birth weight (g)

0.0042
0.0051
0.0042
0.0043
0.0040
0.0035
0.0029
0.0030
0.0044
0.0033
0.0029
0.0031
0.0042
0.0041
0.0034
0.0046
0.0037
0.0045
0.0042
0.0042
0.0033
0.0053
0.0048
0.0054
0.0060
0.0051
0.0038
0.0046
0.0038
0.0037
0.0038
0.0034
0.0052
0.0027
0.0029
0.0041
0.0050
0.0032
0.0031
0.0027
0.0030
0.0042

1.28
1.36
1.41
1.37
1.47
1.30
1.17
1.23
1.38
1.34
1.22
1.35
1.51
1.65
1.40
1.65
1.52
1.57
1.45
1.49
1.23
1.58
1.49
1.56
1.54
1.60
1.41
1.36
1.31
1.36
1.39
1.19
1.46
1.12
1.25
1.31
1.53
1.20
1.33
1.06
1.17
1.50

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

continued on page 29

Thymus gland weight/
birth weight ratio
0.0033
0.0038
0.0030
0.0031
0.0027
0.0027
0.0025
0.0024
0.0032
0.0024
0.0024
0.0023
0.0029
0.0025
0.0024
0.0028
0.0024
0.0029
0.0029
0.0028
0.0027
0.0034
0.0032
0.0035
0.0039
0.0032
0.0027
0.0034
0.0029
0.0027
0.0027
0.0029
0.0036
0.0024
0.0023
0.0031
0.0033
0.0027
0.0023
0.0025
0.0026
0.0028

29

continued from page 28

43
Z 43

0.0035

0.1701g

1.50

0.0023

59.57g

0.1225

Table 6. Number, thymus weights, birth weights, and thymus gland weight to birth weight
ratios of E-l (0.84 mg/ml caffeine) group.
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Thymus gland weight/
Birth weight ratio

Number

Thymus weight (g)

Birth weight (g)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

0.0033
0.0034
0.0026
0.0040
0.0019
0.0042
0.0029
0.0024
0.0024
0.0031
0.0027
0.0062
0.0048
0.0039
0.0040
0.0034
0.0012
0.0042
0.0018
0.0013
0.0043
0.0026
0.0043
0.0037
0.0035
0.0039
0.0032
0.0028
0.0040
0.0034
0.0038
0.0044
0.0046
0.0050
0.0037
0.0029
0.0038
0.0029
0.0048

1.13
1.27
1.20
1.30
0.98
1.33
1.15
1.06
1.09
1.17
1.10
1.73
1.50
1.35
1.31
1.30
1.18
1.33
1.03
0.82
1.38
1.19
1.41
1.33
1.29
1.36
1.26
1.09
1.44
1.40
1.33
1.33
1.34
1.54
1.40
1.31
1.40
1.49
1.16

0.0029
0.0027
0.0022
0.0031
0.0019
0.0032
0.0025
0.0023
0.0022
0.0026
0.0025
0.0036
0.0032
0.0029
0.0031
0.0026
0.0010
0.0032
0.0017
0.0016
0.0031
0.0022
0.0030
0.0028
0.0027
0.0029
0.0025
0.0026
0.0028
0.0024
0.0029
0.0033
0.0034
0.0032
0.0026
0.0022
0.0027
0.0019
0.0041

39

0.1353

49.78g

0.1043

Table 7. Number, thymus weights, birth weights, and thymus gland weight to birth weight
ratios of E-2 (1.68 mg/ml caffeine) group.
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Group

Thymus weight
Thymus weight
mean (g)
st<indard deviation (g)
S
X

Birth weight
mean (g)
X

Birth weight
standard deviation (g)
s

C

0.0049

0.0019

1.41

0.16

E-l

0.0040

0.0008

1.39

0.15

E-2

0.0035

0.0010

1.28

0.13

Table 8. Mean and standard deviations of thymus gland weights and birth weights of C
(control), E-l (0.84 mg/ml caffeine), and E-2 (1.68 mg/ml caffeine) groups.

a

a
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Group

Thymus gland weight/
birth weight ratio

Thymus gland weight/
birth weight ratio

C

0.0034

0.0005

E-l

0.0028

0.0004

E-2

0.0027

0.0006

Table 9. Mean and standard deviation of thymus gland weight to birth weight ratios of C
(control), E-l (0.84 mg/ml caffeine), and E-2 (1.68 mg/ml caffeine) groups.
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DISCUSSION

The purpose of this experiment was to determine if caffeine has any effect on the
thymus gland, birth weight, and general histology of the thymus gland in fetal mice of the

BALB/c strain.
Statistical analysis using the formula for large-sample test concerning the difference
between two means at a 0.95 two-tailed confidence level was applied to the thymus gland

weights, birth weights, and thymus gland weight to birth weight ratios of the control and

experimental groups. These tests show significant differences in the thymus gland weights,
birth weights, and thymus gland weight to birth weight ratios of the experimental groups

when compared to the controls.
Comparative histological examination of thymus glands from the control and
experimental groups reveals a higher epithelial reticular cell to T-lymphocyte ratio in the
glands of the experimental groups.

Statistically significant differences are observed in the thymus gland weights of both
the E-l (0.84 mg/ml caffeine) and E-2 (1.68 mg/ml caffeine) groups when compared to the

thymus gland weights of group C (controls). Sample size of all three groups are close in
number (n = 37 for C, n = 43 for E-l, n = 39 for E-2) which contributes to the accuracy of
the statistical computations.

Analysis of birth weights by statistical comparison shows a significant difference
when the weights of the E-2 group are compared to the C group. There was no significant

difference found when the birth weights of the E-l group were compared to those of the C

group. The mean birth weights of the E-l group (Table 8) show a difference of only
0.02 g when compared to the birth weights of the C group.
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Statistical analysis of the ratio of thymus gland weight to birth weight of the

E-l(0.84 mg/ml caffeine) and E-2 (1.68 mg/ml caffeine) groups when compared to the
control group (C), shows a significant difference at a 0.95 confidence level.

Histological examination reveals a higher epithelial reticular cell to T-lymphocyte
ratio in the E-l and E-2 groups when compared visually to the C group. It must be stressed
that an actual numerical quantification was not done in determining this ratio.

Pathocytological examination did not reveal any thymic atrophy.

Interpretation of the results indicates that caffeine appears to have an effect on both
the thymus gland weights and birth weights of the newborn BALB/c mice as shown by

statistical analysis. Most importantly, the thymus gland weight to birth weight ratios of the

E-l (0.84 mg/ml caffeine) and E-2 (1.68 mg/ml caffeine) groups when compared to the C

(control) group, show a significant difference statistically at a 0.95 confidence level,
suggesting the effect of caffeine appears to be somewhat selective toward the thymus glands
of the fetal mice. This finding is in contrast to the the work of Gans (1983). Gans however,

used rats in his work, subjecting them to a 0.5 percent dosage of caffeine in their diets. The

difference in laboratory animals used, caffeine dosage differences, and the alteration of
method of caffeine administration may account for such a difference. An exact mechanism
that would account for a lower thymus gland weight, birth weight, and thymus weight to
birth weight ratio has not been ellucidated, but it would appear that caffeine must somehow
act to alter the differentiation processes occurring during fetal development. As shown by
Spindle and Wu (1985), caffeine crosses the placental barrier, having an effect on ICM

development
Browder (1984) has shown that cyclic AMP has an antagonistic role in cellular
development. Caffeine inhibits the action of phophodiesterase, the enzyme responsible for

breaking cyclic 3',5'-AMP into 5'- AMP. Inhibition of phosphodiesterase would lead to the

increase of cAMP levels in tissues and individual cells. Browder has shown that high levels
of cAMP in Xenopus oocytes have an inhibitory effect on their continued development.

Other studies have shown that caffeine has the ability to mimic adenosine, binding
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to adenosine receptors present on T-lymphocytes (Dews, 1984), causing the elevation of
cellular levels of cAMP. Studies have also shown that high levels of adenosine in

lymphocytes (Wolberg et al., 1975) cause an increase of intracellular cAMP in lymphocytes,

resulting in the inhibition of lymphocyte-mediated cytolysis. Dinjens et al., (1975) has also
shown that binding of adenosine to cell membrane receptors of T-lymphocytes leads to an
increase in cellular cAMP.
It may seem plausible to extend the idea that since caffeine has been shown to have

an adverse effect on ICM development (Spindle and Wu, 1985), it may possibly have an
effect on certain aspects of thymus gland development. The thymus gland which develops

from the endodermal germ layer, may be affected in any of its developmental stages that

range from the formation of the initial epithelial anlage, to the proliferation and development
of the epithelial reticular cell network.
It has been speculated that caffeine has an adverse effect on T-lymphocyte function

by mimicking adenosine, resulting in an increase of intracellular levels of cAMP (Wolberg et
al., 1975). The increase in cAMP may possibly alter T-lymphocyte function directly, or
through an alteration of various stages of T-lymphocyte development.

A larger epithelial reticular cell to T-lymphocyte ratio in the thymus glands of the

experimental groups seem to show that caffeine may have an effect on thymus histology.
Junqueira has described how the epithelial reticular cell network in the developing thymus

surrounds small clusters of thymocytes.

As the thymocytes develop into mature

T-lymphocytes, they increase in size, pushing the epithelial reticular cells apart, resulting in a
diffuse meshwork of these cells. The large numbers of epithelial reticular cells seen in the

glands of the experimental groups are found close together, atypical of the diffuse meshwork
found in a normal thymus gland.

In light of the above discussion, it would appear that caffeine may have somehow
altered the developmental processes of the thymocytes as they mature into

T-lymphocytes.The presence of dense patches of epithelial reticular cells in the cortex would
suggest that thymocyte development may indeed be altered by caffeine.

36

Variations and continuations of the experiment may allow for more data with which
to examine the effects of caffeine on birth weight, thymus gland weight, and thymus gland

development in the BALB/c strain of fetal mice.

First, a quantitative biochemical assay measuring the intracellular levels of cAMP
and adenosine within the thymus cells of the control and experimental groups would seem
valuable. To further support such a quantification, a comparative enzyme assay of

phosphodiesterase in T-lymphocytes of each group could be made.
Administration of caffeine by stomach cannulation would possibly provide a more
uniform way of introducing the drug into the body. Subcutaneous injection allows for

possible errors in which the exact site of injection may not be found each time administration
occurs. Variations in needle depth as well as penetration of underlying fascia could provide
for a source of error in the experiment.

Administration of caffeine in concentrations of 0.84 mg/ml and 1.68 mg/ml to
groups of pregnant BALB/c mice for fifty days appears to have an effect on birth weight,

thymus gland weight, and thymus gland histology of their offspring. The 0.84 mg/ml

concentration of caffeine administered, is comparable to five cups of coffee in humans and
the 1.68 mg/ml concentration of caffeine is comparable to ten cups of coffee in humans.
There are several hypotheses that have been established that may account for these effects.

This experiment touches on some of the basic mechanisms that may account for these

effects. Alterations in experimental methods, as well as other extensive studies are needed
before the exact mechanism of how caffeine effects these offspring becomes apparent. A
possible extension of the experiment would be to examine the effect of caffeine on the total
immunocompetance in the adult.
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