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ABSTRACT

Caffeine is a composition of coffee, tea, cocoa, cola
drink and some medicines. A number of studies reported an
association between caffeine and/ar coffee consumption and
cancer development, but controversy still exists for this
effect of caffeine. This study tested for the effect of

caffeine both i vivo and in vitro on Sprague-Dawlay rat

immunological cell activities. Natural killer (NK) cell was
studied by 51chr\omium release cytotoxicity assay, and B and T

cells were studied’ by lymphocyte proliferation assay.

In vivoe effect was studied in chronic caffeine
treated condition. Caffeine was given to three groups of
rats at three different doses, i.e., 2, 6 and 18 mg/kg/day

(equivalent +to caffeine in coffee cansumption 1~-2, 3-4 and



9-10 cups/day, respectively). Both NK cell cytotoxicity
activity and B cell proliferative response +to pockeweed
mitogen (PWM) showed significant decrease (p < 0.05) in the
group of rat treated with middle dose of caffeine (8§
mg/kg/day) . Whereas, the T cell proliferative response to
phytohemagglutimin-P (PHA-P) was significant increased (p <
0.05) in the group of rat treated with high dose of caffeine
(18 mg/kg/day). In addition, there was no difference (p >
0.05) in total and differential leukocyte count between all

three groups of caffeine treated rats and control rats.

The direct (in vitro) effect of caffeine was studied
by adding caffeine at the final concentrations of 5, 10, 20
and 40 ug/ml into the assay system. The results showed the
significant decrease (p < 0.05) of B and T cell proliferative
responses to PWM and PHA-P at caffeine concentrations of 10,
20 and 40 ug/ml. However, this effect was not observed in NK
cell cytotoxicity activity. Furthermore, when the broader
range of caffeine was tested (1, 10, 100 and 1,000 wug/ml),
caffeine also exerted the dose-dependent inhibition on B and

T cell proliferative responses.
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CHAPTER 1

INTRODUCTION
Caffeilne is a naturally occurring plant
methylxanthine. It is a component present in many types of
foods, beverages and medicines. Caffeine-containing
beverages such as coffee, cocoa, chocolate and cola drink
(Pepsi, Coke) are commonly consumed and guite popular in

néarly all countries. One reason for their popularity is the
stimulating effect of caffeine. In medicines, it is present
in many combination drugs used as stimulants, pain relievers,
diuretics, cold remedies and weight control products. The
Food and Drug Administration (FDA) 1lists caffeine as
Generally Recognized As Safe (GRAS). Since then, caffeine has
been reviewed by the Select Committee on GRAS substances of
the Federation of American Societies for Experimental Biology
and The Flavor and Extractor Manufacturer Association’s
Expert Panel. After the 1980 inspection of all data
available by the FDA, caffeine is no longer considered as
GRAS but it is placed at an interim food additive status (1).
Apart from the above effects of caffeine, controversy still
exists in term of the correlation of caffeine and/or coffee
consumption and cancer development in some organs, for
example, wurinary bladder (2), pancreas (3, 4), colon (5) and

breast (6).

It is evident that many factors play the roles in



tumour development. These can be categorised into 2 main

groups. The first is the inherent carcinogenicity of the
substance and the second 4is the unbalance of the
immunological homeostasis (7, 8). To learn whether caffeine

has any role on the activities of immunological cells which
may lead to the disturbance of immune mechanism, the effect
of chronic caffeine consumption (in vivo) and the direct
effect of caffeine (in vitro), at various concentrations, on
B, T and NK cell activities were determined in this study.

An animal model wusing adult male Sprague-Dawley rats was

employed for this study.

The interfering effects of three different doses of
caffeine consumption on immune cell functions were studied in
chronic caffeine +treated (120 days) rats (in vivo effect).
The direct interfering effect of caffeine (in vitro effect)
was studied separately on normal rat immune cells.
Proliferative responses to mitogen stimulation were measured
to assay for B and T lymphocyte activities and the
conventional J'Cr cytotoxic assay against YAC-1 was performed
to study NK cell activities. The morphological
differentiation was studied to enumerate leukocytes. It was
found that in chronic caffeine consumption, the activities of
both NK cells and B lymphocytes showed maximal activity
decreases at the same caffiene doses. In contrast, caffeine
exerted an enhanced activity on T lymphocyte at the high
dose. In in wvitro however, caffeine exerted a dose-dependent

inhibition of B and T lymphocyte activities, which was not



observed in NK cell function.



CHAPTER I1I

BACKGROUND

1. Caffeine

1.1 Chemistry and sources

Caffeine is consumed world-wide. It is a methylated
xanthine (1, 3, 7-trimethylxanthine) with chemical formula
CBH10N4O2 and molecular weight 194.19. It is composed of C
49.48%, H 5.19%, N 28.85%, O 16.48% (9). The structural

formulas of xanthine and caffeine are as follow:

o H o Hs
|
H\\ N HjC N
N J\

T s

I

H CHg,

xanthine caffeine

The solubility of caffeine is low and enhanced by complex
formation, such as caffeine and sodium benzoate (1:1). In
biological fluids, this salt can be dissolved and dissociated
to yield caffeine. It can be found in many beverages and
some kinds of drugs. The average caffeine content per drink
is 12.5-169.0 mg for instant coffee, 39.8-110.4 mg for brewed
coffee, 9.1-51.1 mg for tea (10), 5-10 mg for cocoa, 6

mg/ounce for solid milk chocolate, and 32-65 mg/12 ounce for



cola drink (11). In drugs, the average per unit is 15-64 mg
for cold +tablets, allergy or analgesic preparations, 50-200
mg for appetite suppressants, and 100-200 mg for appetite

stimulants (3).

1.2 Pharmacological effects

1.2.1 Absorption and excretion

At physiological pH, caffeine is un-ionized, stable
and can be absorbed through permeating biological membrane.
More than 99% of an oral administration is absorbed and peak
plasma level is achieved within 1 hour. In humans, after a
250 mg dose intake, the peak plasma concentration is between
5 and 25 pg/ml (12). Similarly, after a 10 mg/kg dose intake
in 40-day old rat the peak plasma concentration is 9.22+0.41
pg/ml (13). Caffeine is poorly bound to plasma protein. The
half-life of caffeine in plasma is variable among persons,
the range is 3.0-7.5 hours (14, 15). Caffeine is eliminated
primarily via metabolism in liver. Approximately 0.5-3.5% of
administered dose is excreted unchanged in urine (16). In
man, the primary metabolic pathway is N-3 demethylation and
vields 1, 7-dimethylxanthine. The main excreted metabolites
in urine are 1-methyluric acid, 1-methylxanthine, small
amount of 1, 7- dimethyluric acid, 7-methylxanthine and 1, 7-
dimethylxanthine (14). The rates of caffeine
biotransformation and clearance are different within species
and even also different within individual, for instance it is

very slow in newborns and in severe liver diseases.



1.2.2 Central nervous system (CNS})

Caffeine 1is a potent stimulant of the CNS. It can
induce less drownsiness, less fatigue, and alertness. At high
dose, it provokes nervousness, restlessness, insomnia,
tremors, hyperesthesia and other signs of CNS stimulation. It
also has effects on mood, for example, in normal volunteers
the feeling of alertness and anxiety can be observed (17).
The effect on mood seem to be strongly influenced by
individual variations of sensitivity as well as acquired

tolerance to the drug.

1.2.3 Cardiovascular system (CVS)

Caffeine has prominent action on CVS. Robertson et
al.(18) reported that after acute dose (250 mg) of caffeine
ingestion, heart rate decreases during the first hour, then
increases above the baseline during the next two hours. Five
to ten percent increase in blood pressure is observed for 1-3
hours. Plasma epinephrine, norepinephrine, and plasma renin
activity are also significantly increased. However, the
chronic ingestion of caffeine has little or no effect on
blood pressure, heart rate, plasma catecholamine level, and
plasma renin activity in normal subjects (19).

1.2.4 Renal system

[ab]

The acute ingestion of caffeine produces mild
increase in urine volume and urinary sodium excretion in
humans. It is suggested that the diuretic action of

caffeine results form a decrease in renal tubular



reabsorption of sodium and water (20).

1.2.5 Smooth muscle and skeletal muscle

Caffeine has an ability to relax smooth muscle of
the bronchi, especially if the bronchi have been constricted
by histamine or asthma. For skeletal muscle, it has been
shown that at an approximate dose of 3.5 mg/kg, it increases
twitch tension of the stimulated quadriceps muscle. The
possible explanation for its mechanism is +translocation of

Ca?t in striated muscle (21).

The dose of 3-9 mg/kg of caffeine can produce a
slight increase (10%) in the basal metabolic rate of humans.
Many studies support +this observation. It seems quite

certain that acute caffeine ingestion stimulates metabolism.

However, +there 1is no clear evidence indicating that chronic
caffeine consumption has an influernce on metabolism.
Mdreover, it seems to have a significant effect on plasma
level of free fatty acids. Many studies have reported +that

acute caffeine ingestion increases serum free fatty acid 50-
100% from normal values (22-23), even in habitual coffee

drinking (24).

Many epidemioclogical studies have investigated the

relationship of caffeine and/or coffee consumption on cancer



development. In 1968, Dunham et al. (25) reported the first
evidence of the correlation between urivary bladder carncer
and coffee consumption. Subsequently, many studies showed
risk of bladder cancer development in people who consume
caffeine containing beverages. However, the studies have
failed +to show dose relationship (26-27). Some studies
reported that this association, if any, is low (28-29) or
negative (30). In 13881, MacMahon et al. {3) reported the
strong association between coffee consumption and pancreatic
cancer. Only a slight positive correlation between coffee
intake and pancreatic cancer has been found by other (31).
However, +the effect of solvent using in decaffeination on
cancer development is possible. Thus, caffeine obtained from
coffee consumption may or may not be a carcinogen by itself
and it may or may not interfere with some biological

functions of cells, e.g., cells of the immunclogical system.

The development of breast cancer has been shown to
be associated with caffeine and other methylxanthine intake.
Minton et al. (6, 32) reported that methylxanthine
consumption is associated with the development of fibrocystic

breast disease in which +the =signs and symptoms often

disappeared after elimination of methylxanthine from the

diet. However, some variable in the group study, such as age
of first opregnancy, number of children, method of
contraception, and breast feeding practices were not
considered. Lawson et al. (33) proposed +the positive

association between breast disease and coffee/tea



consumption. Subsequent studies failed to demonstrate this
association (5, 34, 35). In case-control studies, an
increased risk of ovarian cancer among women who drink coffee
was demonstrated (36, 37), but the results were not dose
related (36), and other dietary habits were not examined.
Lingeman (38) has reported the highest incidence of ovarian
cancer in Swedes which have the highest coffee consumption

per capita.

2. Biology of immunological cells

2.1 Lymphocytes

Lymphocytes are the subpopulation of leukocytes
responsible for humoral and cell-mediated immune response.
- They are generally small (about 8-10 am in  diameter) with
dense nuclei (39). The total numbers in human are
approximately 2x10'? | Lymphocytes develop from pluripotent
hemopoietic stem cells which are also the precursors of all
blood cell types (40). In the fetus, +the hemopoietic stem
cells are located in the liver (41) and shift to the bone
marrow in adult. Subsequently, +they migrate via the blood
circulation to central lymphoid tissue (thymus, bursa of
Fabricius) that provide special microenvironments for +the
proliferation and differentiation into various types of
lymphocytes (41-43). After development some lymphocytes
die and others migrate from central- to peripheral lymphoid

tissue (lymph node, spleen, and gut-associated lymphoid
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tissue), and are recognized as thymus-derived (T) lymphocytes

and (in‘ bird) bursa-derived (B) lymphocytes. T and B

lymphocytes in the resting stage are very similar. However,
they have different phenotypic' markers that can be
distinguished and separated, such as CD1, CD2 and CD3 on all
T lymphocytes, Ch4 on helper T lymphocytes, Ccb8 on

cytotoxic/suppressor T lymphocytes, CD19, 20, 21 and 22 on B

lymphocytes (44), etc. Lymphocytes in the circulation are
committed and upon interaction with antigen, T or B
lymphocytes will be activated and proliferate. These

responses of T and B lymphocytes are oligo- and mostly

polyclonal response (45).

In addition +to antigens, mitogens can activate
lymphocytes and induce them to mitosis. An agent that
induces only early activation events, even DNA synthesis but
not mitosis would not qualify as a mitogen (46). The common

mitogens that are wused for T lymphocyte activation are
phytohemagglutinin (PHA) and concanvalin A (Con A), the

lectins of Phaseolus wvulgaris and Canavalia ensifumis,

respectively. PHA binds N-acetyl-galactosamine-containing
oligosaccharides and Con A binds saccharides containing a
terminal D-mannose on T lymphocytes (486). For B lymphocyte
activation, the common mitogens are lipopolysaccharide (LP3),
pokeweed mitogen (FPWM) and dextran sulphate (DxS). They are
polyclonal B lymphocyte activators. LPS is a T lymphocyte
independent B lymphocyte activator (47) while PWM is T

lymphocyte dependent B lymphocyte activator (48). Both can
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activate B lymphocytes to proliferate and secrete
immunoglobulin (49). The polyanion dextran sulphate (DxS)
has been found to stimulate B lymphocytes (in a group
overlapping with a group that responds to LPS) to proliferate

rather than secrete immunoglobulin (60).

2.1.1 B lymphocytes

The expression of membrane-bound immunoglobulin on
the esurface 1is a common achiaractoristic of B lymphoeytan.
They are mainly responsible for humoral immune response. The
diversity of immunoglobulins produced by several million B
lymphocyte clones react with numerous antigens (51). The
precursor of B 1lymphocyte is the pre-B lymphocyte which
produces cytoplasmic mu heavy chain inside the cell (52).
Later, the light chain and delta heavy chain are synthesized
{63). Both mu and delta heavy chains combine with 1light

chain to from complete IgM and IgD molecules and cells

expressing them on the surface are called mature B
lymphocytes. Other expressed membrane-bound glycoproteins
include receptor for complement component, Fc receptors,
receptor for mitogen, etc. Some B lymphocytes switch from

the expression of IgM and IgD to IgG, IgA and IgE (53). One
of +the most important surface components is la antigen (I-
region-associated antigen), Class II MHC antigen. These
molecules are polymorphic glycoproteins which function as
recognition elements in the interaction with antigen-
activated T lymphocytes (54). Some activated B lymphocytes

do not undergo terminal differentiation but remain as memory
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cells (b5). They are easily triggered by +the previously

sensitized antigen.

2.1.2 T lymphocytes

T lymphocytes play an important role in cell-
mediated immune responses. There are at 1least three
different subpopulations of T lymphocytes in regard to their
functions: cytotoxic T lymphocyte (T.); helper (or inducer) T

lymphocytes (T,); suppressor T lymphocyte (Tg).

There are two types of To: antigen-specific, MHC -~
restricted T that recognize Class 1 MHC glycoprotein
associated with antigen on the target cells via T3/Ti antigen
receptors (56, 57) and non-MHC restricted T, that also
recognize antigen on target cells via T3/Ti antigen receptors
(57). For virus-infected cells, the viral antigens associated
with Class 1 MHC glycoproteins and are recognized by the
first type of T.. In transplantation reactions, because the
MHC is not compatible, +the reactions are mediated by non-MHC
restricted T., the second type T.. Helper T lymphocytes are
genetically programmed to induce (help) other cell types to
divide and differentiate. After processing of antigens by
antigen presenting cells (APC), the fragments of antigens are
associated with Class II MHC glycoproteins (68). Ty
recognize these antigen-MHC complexes through T3/Ti antigen
receptors and are’activated (59). Activated Ty are able to
induce immune responses through the secretion of nonspecific

peptides, e.g., 1IL-2, B cell growth factor (BCGF), B cell
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differentiation factor (BCDF) and T cell replacing factor
(TRF). These can activate B lymphocytes to divide and
secrete antibodies (60, 61). Suppressor T lymphocytes have
negative eftfects on immune response. They can function only
after being activated by Ty. Activated Tg secrete suppressor
tfactor which can interact with Ty and inhibit the response of
Ty to antigens (62), a phenomenon known as feedback
inhibition. This feedback <circuit is wuseful in seltf-
regulation. The suppressor factor is a 70.000"dalton protein
that has two subunits, the 45,000~-dalton subunit and the
24 ,000-dalton subunit. Picogram amounts of suppressor factor
are able ta specifically turn off the ongoing °unune response

(63).

2.2 Natural killer (NK) cells

2.2.1 Characteristics and distribution of MK cells

A subpopulation of mononuclear cells with capacity
to lyse certain types of tumour cells and normal cells was
termed ‘“natural killer cells” by Kiessling et al. (64).
Lysis occurs without prior exposure to target cells. NK
cells have been found in many vertebrates, e.g., man, mouse,
hamster, rat, chicken, guinea pig and miniature swine. Hy
using Giemsa stain, they appear as medium sized (12-15 pum),
mononuclear cells with high ratio of cytoplasm to nucleus and
eccentric slightly indented nuclei. The most distinctive
characteristic is +the azurophilic granules (large granular

lymphocyte, LEGL) in their cytoplasm that are Lthought to be
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involved in cytotoxic activity. They have surface receptors
for the Fc portion of I1gG leading to a capacity for antibody-
dependent cytotoxicity (ADCC). These cells share some cell
surface antigens with T lymphocytes, e.g., Thy 1 antigen in
mice, and CD7, CD8, CR3 and Leu9 in humans (65). However,
T3/Ti antigen receptor genes do not rearrange or express
functional transcription products (66, 67). The NK cell
lineage 1is still controversial; some researchers have
proposed a third lineage of lymphoid cells (65) while others

suggest the relationship between NK cells and T lymphocytes

(68, 69). In mouse, the distribution of NK cells is high in
peripheral blood and spleen, but 1low in lymph node,
peritoneum and bone marrow. There are no NK cells in thymus
(64). In rat, the pattern of distribution is similar to

mouse but there is no detectable activity in bone marrow

cells (70).

2.2.2 Functional characteristics

NK <cells play a direct role in resistance to <wviral
infections and an indirect role in bacterial infections. In
virus-infected mice their activities appear early, peaking
before the peak of virus-specific cytotoxic T cells (71) and
antiviral ADCC (72). They also play an important role in
natural resistance +to infection by mouse cytomegalovirus
(73). For parasitic infections, they have natural cytotoxic

effect on Trypanosome cruzi and malarial parasites (74, 75).

In tumour surveillance, they have potential roles in
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the rejection primary tumours. Several lines of evidence
showed that NK cell activities decline in the advanced stages
of malignant disease (76, 77). Patients with Chediak-Higashi
syndrome show a marked deficiency in NK activity, and have a

high incidence of lymphoproliferative disease (78);, similarly

tor beige (bg) mutation mice (79). Considerable evidence
suggests the role of NK c¢cells in transplantation, for
instance, haemopoietic graft (80), kidney grait (81) and in

graft -versus-host (GVH) disease (82).

NK cells themselves are able to function as
immunoregulatory cells. Many studies demonstrated Lhe
regulatory effect on hemopoiesis of myeloid and erythroid
cells (83, 84). They suggested that there 1is a common
determinant between human hemopoietic progenitor cells and
K582 cell line (8b). Another regulatory role is postulated
to be involved in antibody homeostasis (8t¢). There is
evidence indicating that this regulatory r~le i1s mediated by
the production of cytokines such as interferon (87) and
interleukin-2 (88) which have effects on other cells and on

NK cells themselves.

K cell lysis
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The killing process by NK cell can be divided into

three stages.

i) Binding of the NK cell to the target cell

Primary recognition and conjugation between NK c=11
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and target cell demonstrates the involvement of a lectin-type
receptor on the NK cell and specific, differentiation-
associated, carbohydrate moieties on the target cell (8Y).
It occﬁrs rapidly ( < 1 min) at 4OC as well as at 37OC. This

is a Mg2t-dependent, Ca2+—independent stage (90) and does not

require energy.

ii) Programming for lysis

This stage occurs within 10-30 minutes and is Ca?t-

o
(91) and temperature-dependent, which is efficient at 37 C
and requires energy (92, g3). At this stage, the NK cell is

activated and natural killer cytotoxie factor (NKCF) is

released (94). This NKCF will bind to NKCF receptors on the

target cell.

1iii) Killer cell-independent cytolysis (KCIL)

This stage can be completed in 20-30 minutes atter
dissociation of effector from target cell. ~ Target cell will
be 1lysed by cytotoxic activity of NKCF. Recently, Tschopp
and Conzelmann (95) proposed that the lytic mechanism may
due to perforins, which are complement-like components. They

polymerize on target cell and form transmembrane pores.

2.2.4 Modulation of NK cell activity

All +types of species-specific interferon (IFN;
A, B ,¥ ) can augment NK cell function. After brief exposure
to IFN, NK cells can kill a broader range of target cells

with high efficiency (71, 96). Several studies have shown
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that there are three possible mechanisms for IFN enhancement.:

(1) increased recruitment of non-lytic pre-NK cells to become

cytotoxic cells; (ii) increased kinetics of 1lysis by
individual NK cells; and (iii) increased recycling ability
(97, 98). IFN and IFN inducers such as poly(inosinic)-

poly(ecytidylic), BCG, C. parvum and retinoids are used as NK
immunopotentiators. Interleukin-2 (IL-2) can also enhance NK
cell function (99). In addition IL-2 induces the ability of

NK cells to kill tumour target cells which are resistant to

freshly-isolated NK cells.

IFN may suppress NK cell activity via the production
of prostaglandins by many cell types (100). Several groups
have indicated that prostaglandins depressed NK cell activity
(98, 101). Ancther source of prostaglandins is tumour cells
(102). Many tumours in animals and man cause elevation of
prostaglandins and thereby decrease the NK cell activity.
Furthermore, the activity of NK cells can be inhibited by
other agents such as histamine and theophylline which elevate
cyclic adenosine monophosphate (cAMF) which in turn promote

the release of prostaglandins and other mediators (103).

2.3 Monocytes/Macrophages

Monocytes and macrophages develope from hemopoietic
stem cells via the monoblast lineage in bone marrow (104).
Monocytes in  bone marrow enter the blood circulation and
migrate +to variocus tissues for further development into

tissue macrophages. Macrophages can be found in many
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tissues, for instance, Kupffer cells in liver, alveolar
macrophages, +tissue histiocytes and microglia in central
nervous system. The monocytes are less efficient in
microbial killing than macrophages (105). There are a number
of cell surface antigens on monocytes such as CD9, CDl1b,
CD1lic and CD356. Some macrophage surface markers are CD39 and
Cb4s (44). However, these are not specific markers because

they also are expressed on other leukocytes.

Macrophages participate in different functions of
the dimmune response: (a) as scavengers to remove damaged or
dying <¢ells and nonmetabolizable inorganic materials; {(b)
killing microorganisms, particularly obligate intracellular
microorganisms; (c) as accessory cells for lymphocyte
activation; (d) as secretory cells which release some
bicactive products that regulate other cellular functions;
and (e) as cytocidal agents in the control of neoplasia
(106). Macrophages act as accessory cells in the induction
of immune response by antigen processing and presentation to
T lymphocytes. The binding of antigens to accessory cells
occurs by either specific receptors such as 1gGFe and Cj3
receptor or via non-specific, non-covalent interactions of

antigens to undefined structures on the accessory cell

membrane. The model for antigen processing prior to
presentation involves antigen binding to receptors and
activating the catalytic steps (107). These in turn involve

the uptake and internalization of antigens within phagosomes

followed by fusion of antigen-containing phagosomes with
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lysosomes. Antigen is degraded to antigenic fragments which
are transfered to the cell membrane in the form of antigen-
Class 1] MHC glycoprotein complexes. T3/Ti antigen receptors
on T lymphoctye interact with these complexes and induce T
lymphocyte activation (59). The activated T lymphocytes tlien
can activate macrophages via either macrophage-T lymphocyte
interaction or lymphokines secretion. Activated macrophages
can eliminate antigen efficiently and can synthesize and
secrete a number of biocactive products such as neutral
protease, collagenase, elastase and plasminogen activator

(105 .

2.4 Granulocytes

Granulocytes develop from pluripotential hemopoietic
stem cells in bone marrow, which subsequently divide and
differentiate +to myeloblasts, promyelocytes and myelocytes.
The mature cells in the myeloid series that circulate in the
bloeod are granulocytes. There are three +types of
granulocytes: neutrophils, eosinophils and basophils,
according to the affinity of Romanovsky stains to +their

cytoplasmic granules.

a) Neutrophils

Neutrophils contain two types of cytoplasmic
granules: the azurophilic granules (lysosomal granules) and
specific granules which contain lysozyme, collagenase, iron-
binding protein, lectoferrin, a vitamin By, -binding protein

and neutral proteases. Within a few hours of bacterial
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infection and the extensive necrosis of tissue, neutrophils
migrate to this site, phagocytose and digest particles. The
phagocytic process consists of the attachment of the

particles +to +the cell membrane and ingestion of particles.
The attachment involves membrane recognition of the particles
by specific- (C3b and immunoglobulins attach to C3p or Fc
receptor on neutrophils) or non-specific binding sites. The
cell then engulfs the particle and a phagosome is formed.
Granules fuse with the phagosome and release their contents:
this is important for killing and digestion of Dbacteria
(108). For non-phagocytosable particlas, the granule
contents are secreted to outside by fusion of the granules

with the cell membrane.

b) Eosinophils .

These cells have segmented lobular nuclei with large
eosinophilic c¢ytoplasmic granules. They contain more than
one type of granule: large eosinophilic specific granules
{which contain a bar of crystalleid and cationic proteins)
and small granule (which are rich in enzymes). They rvrossess
both Fe¢ and Cj3p receptors (105). Bosinophils are able to
phagocytose but their ingestive capacities are not as good as
neutrophils. Blood eosinophilia is found in IgE-mediated
hypersensitivity and helminthic infection, e.g.,

schistosomiasis (109).

These cells have 1lobular nuclei with large
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crystalline granules. They possess receptors on the cell
membrane specific for the Fc portion of IgE (110). The
circulating basophils represent only a small proportion of
granulocytes, however, a high number of basophils are found
in tissue as mast cells. When basophils or mast cells become
activated by the bridging of at 1least two IgE surface
receptors (110), the activated cells release a variety of
mediators such as histamine, eosinophil chemotactic factor of
* anaphylaxis, neutrophil chemotactic factor and slow reacting
substance that can induce clinical state of anaphylaxis,
profound shock associated with increased vascular
permeability, contraction of smooth muscle, influx of

inflammatory cells, etc.
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CHAPTER 111

MATERIALS AND METHODS

1. Animals and diets

Male, weanling Sprague-Dawley rats (The National
laboratory Animal Centre, Mahidol University) at 2 months of
age, weighing 150-200 g were used in the study. The animals
were housed five per cage in stainless-steel cages. They
were fed commercial laboratory rodent chow and clean
drinking water ad libitum. All of them were maintained in

ventillated room throughout this study.

2. Caffeine treatment

Caffeine (Sigma, St. Louls, MO, U.S.A.) composed of
50% caffeine and b0% benzoic acid was used. The animals were

divided into four groups.

a) Control group, no caffeine treatment,

b) 2 mg/kg/day caffeine treatment,

c) 6 mg/kg/day caffeine treatment, and

d) 18 mg/kg/day caffeine treatment (for calculation

of caffeine doses see appendix)

The chronic caffeine consumption was controlled by
feeding rats with various doses of caffeine every day for at

least 120 consecutive days.
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3. Preparation of splenic mononuclear cell suspension

On the day of experiment, rats were anesthetized
with diethyl ether (MERCK, Darmstadt, F.'R. Germany) and then
sacrificed by cardiac puncture. Spleens were removed
aseptically immediately, kept in sterile petri dishes with
cold culture medium and cut into small pleces with scissors.
Then by using the closed end of sterile U shaped test tube as
a plunger the small pleces of rat spleen were teased through
a sterile stainless steel sieve into approximately 5-7 ml
RPMI 1640 medium (Gibco, OH, U.S8.A.). All steps for spleen
cell preperation were done aseptically in the laminar flow
hood (Biohazard, Gelaire). The working culture medium used
is RFMI 1640 supplemented with 100 wunits penicillin/ml
{MERCK, Rathway, NJ, U.S.A.), 100 ug streptomycins/ml (Glaxo,
Samut Prakarn, Thailand), 2 mM L-glutamine, 2 g/1 NallCO4
(Sigma) and 10 mM HEPES buffer (Sigma). Splenic mononuclear
cell suspension was washed once with RPMI 1640 medium by

o)
centrifugation at 400 g at 25 C for 10 minutes. The pellet

was resuspended with RPMI 1640 medium and mononuclear cells
were separated using Ficoll-Hypaque mixture as described by
Boyum (111). Ficoll-Hypaque contained 24 parts sterile 9%
Ficoll (Ficoll 400, Pharmacia Fine Chemicals AB, Uppsala,
SBweden) and 10 parts sterile Hypaque Sodium b0% ( Wintrop
Laboratories, New York, NY, U.8.A.), final density 1.007

O
g/cm3. After centrifugation at 400 g for 30 minutes at 25 C,

mononuclear cells at the interface were gently removed into a

15 ml centrifuge +tube and washed 3 times with RPMI 1640
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o
medium by centrifugation at 400 g 25 C, 10 minutes. These

splenic mononuclear <c¢cells were adjusted to the desired
concentration with RPMI 1640 medium supplemented with &%
fetal bovine serum for natural killer cell., or with 10%

pooled ral serum for lymphocyte proliferation.

51 \ . .
4. Chromium release natural killer cell cytotoxicity assay

4.1 Target cells preparation

YAC-1 lymphoma was kindly provided by Professor
George Klein, Kalorinska Institute, Stockholm, Sweden. It is
a tissue culture cell line derived from a Moloney virus-
induced lymphoma in A/Sn mice (112). The cells were
maintained continuously in in vitroe suspension culture of
RPMI 1640 culture medium supplemented with 10% heat-
inactivated fetal bovine serum (Gibco) and cultured in a
humidified atmosphere of 5% CO, at 37OC in an incubator. To
assay ftor NK cell activity, vradiolabelling of target cells
was performed on the day of experiment as described by
Kiessling et al. (113). Briefly, target cells were washed 3
times with complete RPMI 1640 culture medium (RPMI 1640
medium supplemented with b% fetal bovine serum) by
centrifugation at 200 g, 25OC, for 10 minutes. The pellet
was resuspended in phosphate- buffered saline (PBS, see
appendix). Viability of the cell was checked by using the
Trypan blue dye exclusion (114). Target cell viablility for

the assay was at least 95%. The washed YAC-1 target cells

were adjusted to a concentration of 2x106/ml. Then 100 aCi
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Na;“CrO {specific activity = 250-500 mCi/mg, Amersham

International, Amersham, England) was added and incubated in
o
a b% CO0,, humidified incubator at 37 C for 2 hours with

occasional gentle mixing. Labelled target cells were washed
twice with complete RPM1 1640 culture medium by
centrifugation at 200 g, ZSOC, 10 minutes. Subsequently,
the labelled target éell suspension was placed at 4OC in a
refrigerator for 1 hour to minimize spontansous release
counts. The labelled target cells were washed once more with
complete RPMI 1640 culture medium by centrifugation at 200 g,
25OC, 10 minutes. The viability was again checked. The
cells were adjusted to a final concentration of 1x105 /ml .

e}
These labelled target cells were kept at 4 C in the

refrigerator until used.

4.2 Effector cells preparation

S

2
e
5

y study the effect of various concentrations

chronic caffeine consumption in rats.

10
I

Splenic mononuclear cell suspensions obtained from
both control and caffeine treated rats (as describe in
section 3.) were diminished of adherent cells by placing 5 ml
of +the splenic mononuclear cell suspension in 35x10 mm

plastic petri dishes (Nunc, Kamstrup, Roskilde, Denmark)

(115). The cells were incubated in a 6% CO, , humidified
<

incubator at 37 for 1 hour. (To allow adherent cells +to

attach to at the plastic petri dish). The supernatant,

containing non-adherent cells, was gently aspirated and
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transferred to a 15 ml sterile centrifuge tube aseptically.
These effector cells were washed with complete RPMI 1640
medium and then checked for viability ( > 95%). The effector

cells were adjusted to 107 /ml with complete medium.

4.2.2 To study the direct effect of various

concentrations of caffeine on the assay system.

The procedure for preparation of the effector cells
was as described in 4.2.1 for control group (non-caffeine

treated rats).

4.3 Cytotoxicity assay

4.3.1 The effect of various concentrations of

chronic caffeine consumption in rats.

The method was modified from +the +technique of

Kiessling et al. (113). Briefly, the 51Cr release cytotoxic

assays were performed in triplicate in 96-well round-bottom

(U type) tissue culture plates (NUNC) with final volumes of

~ 0.2 ml. In general, 1x104 labelled target cells (100 ml) was
placed in each well. Then 5x10° effector cells (100 aul)

were mixed with labelled target cells to obtain effector:

target (E/T) ratic of 50:1 and then the plate was centrifuged

o
at 200 g, 25 C, 5 minutes. After centrifugation the plate
o
was incubated at 37 C for 4 hours in a humidified atmosphere
o
of 5% CO, in air. After centrifugation at 200 g, 4 C for 5

minutes, 120 ml of supernatant from each well was removed for

51Cr radiocactivity count in a gamma counter (Gamma 5500,
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Beckman, Irvine, CA, U.S.A.). Supernatants from the wells
containing only labelled target cells served as the controls
for baseline release of 51Cr {spontaneous release). Maximum
release ot 51Cr was determined using labelled target cells
incubated with 10% Triton X-100 (Sigma). The results were

expressed as percent cytotoxicity by using the formula as

follows:
experimental release - spontaneous release
% cytotoxicity = —-----r-- e x
maximum release - spontaneous release
when: experimental release = mean counts ' per minute (cpm)
of supernatants from triplicate
wells containiig a mixture of
effector cells and labelled
target cells
maximum vrelease = mean cpm of supernatants from
labelled target cells incubated
with 10% Triton X-100
spontaneous release = mean c¢pm of supernatants from

labelled target cells incubated
in complete RPMI 1640 culture
medium

4.3.2 The direct effect of various concentrations

of caffeine on the assay system

To study the direct effect of various concentrations
of caffeine on rat NK cell cytotoxicity, all procedures were

as described in 4.2.1, except that caffeine was added into

100
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triplicate wells of the effector-target cell mixture at the
various final concentrations of 5, 10, 20 and 40 puag/ml
culture medium. The possible effect of caffeine on target
cell viability was also studied; labelled target cells alone
were incubated at 3700, 5% CO5, in a humidified incubator for

4 hours with wvarious Concentrations of caffeine and released

radiocactivity was detected in the supernatants.

5. Lymphocyte proliferation assay

5.1 Normal rat serum

Blood was collected aseptically by cardiac puncture
from normal Sprague-Dawley rats with 21G x 11§needle {Nippon
Medical, Japan). Then it was allowed to clot at room
temperature and subsequently centrifuged at 400 g 2500 for
15 minutes. Serum was collected aseptically, pooled and the
serum complement was inactivated by incubation at 560C for 30
minutes, Inactivated rat serum was kept in small aliquotes

o

(3-5 ml) at -20 C. This small aliquote of serum was thawed

for use on the experimental day.

5.2 Preparation of mitogens

There were two kinds of mitogens used in the study.
Pokeweed mitogen (PWM) was used as B cell mitogen and

phytohemagglutinin-P (PHA-P) was used as T cell mitogen.

5.2.1 Pokeweed mitogen (PWM) prepasation

One milligram of pokewead mitogen (Sigma, cat. no.
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L-9379) was dissolved in 1 ml of RPMI 1640 medium to prepare
a stock solution. This stock solution (1 mg/ml) was kept at
o

4 C in +the refrigerator. The mitogen was diluted with

complete RPMI 1640 culture medium to final concentrations of

1 pg/ml and 10 ng/ml for use in the assay.

§5.2.2 Phytohemagglutinin-P (PHA-P) preparation

Five milligrams of phytohemagglutinin-P (Difco
Laboratories, Detroit, MI, U.S.A., cat. no. 3110-66) was
dissolved in 5 ml of RPMI 1640 culture medium, to prepare a
stock solution (1 mg/ml). This stock solution was kept
frozen at —ZOOC in small aligquots until used. The stock
solution was thawed and then diluted with RPMI 1640 culture

medium to the concentrations of 1, 50 and 100 mg/ml for use

in the assay.

5.3 Splenic mononuclear cells preparation

5.3.1 The effect of chronic caffeine consumption on

rat mononuclear cells proliferative response.

Spleens from control rats and rats treated with

various doses of caffeine treated rats were processed as

described in Section 3. The viability of splenic mononuclear
cells was checked by using Trypan blue dye exclusion. A
suitable viability was at least 956%. The splenic

mononuclear cell concentration was then adjusted to 2x106/ml
with RPMI 1640 culture medium supplemented with 10% pooled,

-4
heat-inactivated normal Sprague-Dawley rat serum and 1.0x10
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M 2-mercaptoethanol (2-ME, Sigma).

b.3.2 The direct effect of wvarious concentrations of

caffeine on the rat mononuclear cell

proliferation assay.

Spleens from normal Sprague-Dawley rats were

processed as described above in 5.3.1 for control group.

5.4 Proliferation assay

5.4.1 The effect of chronic caffeine consumption

The assay was performed aseptically in
triplicate in a larminar flow hood (Bicharzard, Gelaire).
Splenic mononuclear cell suspension (2x106/m1) was
distributed into each well of a 96-well flat-bottom tissue
culture plate (NUNC) at 100 jul/well (2x105/well) by using a
micropipette (Oxford, Lancer Division of Sherwood Medical,
8t. Louis, U.8.A.). Then 100 ml of freshly diluted of PWM or
PHA-P at wvarious concentration were added into each well.
The final concentrations were: PWM, 10 jmg/ml; PHA-P, 1, 50
and 100 mg/ml, each in triplicate. The cell control culture
for each animal was prepared parallelly. It comsisted of
triplicate culture wells on the same plate contéining only
splenic mononuclear cell with RPMI 1640 culture medium. The
final volume in each well was 200 al and the concentration of
2-ME and pooled heat-inactivated normal rat serum were Ex10
M and 5%, respectively. The plate was carefully covered with

the lid aseptically, gently shaken, and placed in a 5% CO,,

5
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o
humidified incubator at 37 C for 3 days before 0.5 aCi ot

{3H}—Thymidine (MW. 242.2, specific activity 2.0 Ci/mmol, New
England Nuclear, Boston, MA) was added. The culture was
further incubated for 18 hours in the same condition. The
culture was stopped by harvesting the cells on glass fiber
filters (Grade 934 Al, Reeve Angle, Clifton, NJ, U.S.A.),
using an automatic cell harvester (Skatron semi automatic
cell harvester, Skatronas, Lier, Norway) (116). The glass
fiber filters were dried, placed in scintillation counting
vials and 5 ml liquid scintillation fluid (see appendix) was
added. f 3H]~thymidine incorporated into cthe proliferative
cells was measured in a liquid scintillation counter (LKB
1219 Rack Beta). Mean cpm from triplicate cultures were
calculated and the stimulation index (SI) was calculated by

the following formula:

mean of cpm from stimulated culture

S] = - e e
mean of cpm from unstimulated culture (control culture)
5.4.2 The direct effect of various concentrations of
caffeine on the rat  mononuclear cell

proliferation assay
Spleens from non-caffeine treated rats were
processed for splenic mononuclear cell suspensions as
described in Section 3, above. The splenic mononuclear cell

prolitferative responses to either R or T cell mitogens (PWM,
PHA-P) were performed as described in Section 5.4.1, except

that various concentrations of caffeine solution were added
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directly into each culture well of the assay system. The
final concentrations of caffeine were 5, 10, 20 and 40 ag/ml.
Each assay was performed in triplicate. The direct effect of
various concentrations of caffeine on proliferation of
splenic mononuclear cells (without mitogen) was studied in
each experiment using a culture containing only splenic

mononuclear cells and various concertrations of caffeine.

6. Total and differential leukocyte count

Plood used in this study was collected in EDTA by
cardiac puncture. The blood was diluted with 3% acetic acid
and total leukocytes were counted in a hemacytometer (117>,
For morphological differentiation, blood was smeared on a
clean microscope slide. The preparation was air-dried and
then the smear was fixed in absolute methanol and stained for
30 min with Giemsa stain (118). Differential leukocyte count
was examined under oil immersion microscopy; 300 leukocytes
were analysed from each slide.

7. Evaluation of the dose response relationship of caffeine

on rat splenic mononuclear cell proliferative response

All procedures were as described in Section 5.4.4,
except that the final concentrations of added caffeine in
the culture wells were 1, 10, 100 and 1000 mg/ml. Contrel
for the direct effect of caffeine on normal proliferation of
raﬁ splenic mononuclear cells were also performed in each

experiment. These cultures contained only splenic



mononuclear cells and caffeine.
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CHAPTER 1V
RESULTS
1. Effect of chronic caffeine consumption on rat splenic NK
cell activity, lymphocyte proliferative response, total

and differential leukocyte count

Splenic mononuclear cells from three groups of
chronic catfeine treated rats, 1i.e., 2, 6 and 18 mg/kg/day
were studied for NK cell activity and proliferative response.
The results of each group were analysed against the group of

control rats as shown below.

1.1 Splenic NK cell activity

Four groups of chronic caffeine treated rats (more
than 5 rats for each group) were studied for NK cell function
by a 4-hr 51Cr release cytotoxicity assay on YAC-1 cells.
The results are expressed as percent cytotoxicity as shown in
Table 1 and Figure 1. Percent cytotoxicity of +the 6
mg/kg/day (middle dose) caffeine treated rats was significant
lower than that of control rats (25.2+1.5 vs 32.6+1.8, p <
0.05). However, in the other two groups of rats treated with
2 and 18 mg/kg/day of caffeine treated rats, the percent
cytotoxicities were not significantly different from the
control group. The limited data performed suggests that
chronic consumption of caffeine at the dosage of 6 mg/kg/day

in Sprague-Dawley rats decreased the NK cell activity.
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Table 1 The effect of various doses of chronic caffeine consumption

on rat natural killer cell activity.

Caffeine dose Group x Cytotoxioitya p—valueb
(mg/kg/day) size(n) (Mean + SEM)
¢ 10 32.6+1.8
2 7 28.9+2.0 > 0.05
6 8 25.2+1.5 < 0.05
18 7 34.1+42.3 > 0.0

a
effector @ target = 50:1

b

Statistical analysis against non-caffeine treated rats

(0O mg/kg/day) by Mann-Whitney U test at p-value = 0.05
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Figure 1
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The percent cytotoxicity of control and chronic
caffeine treated rat NK cell activities against

YAC-1 in a 4-hour cytotoxicity assay.
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1.2 Splenic lymphocyte proliferative response

Mononuclear <c¢ells from spleens of caffeine treated
rats (more than 4 rats per group) were cultured with 10 mg/ml
of PWM to study B lymphocyte function. The stimulation
indices are shown in Table 2 and Figure 2. The pattern of
the stimulation indices with respect to dose was similar to
that of splenic NK cell activity. That is, statistical
analysis showed that the stimulation index of the 6
mg/kg/day caffeine treated rats was decreased significantly
(36.048.1 vs 11.147.2, p < 0.05). No significant difference
was observed in rats which received caffeine at the other two

doses (2 and 18 mg/kg/day).

The proliferative response after stimulation with

PHA-P was measured to study T cell functions. Three
different concentrations of PHA-P were used, i.e., 1, 50 and
100 ug/ml. As shown in Table 3 and Figure 3, the PHA-F

concentration of 50 uag/ml gave the highest stimulation
indices of all groups of rats. At the lowest concentration
of PHA-P, 1 ag/ml, the proliferative responses were rnot
significantly different between caffeine treated rats and
control rats. At a PHA-P concentration of 50 mg/ml, the
proliferative response of T cells from 18 mg/kg/day caffeine
treated rets was significantly higher than that of control
rats (59.8+49.2 wvs 29.8+5.1, p < 0.056). A significant
increase of the stimulation index was also observed in
the same group of rats stimulated with PHA-P at 100 jug/ml

(38.048.0 wvs 15.743.3, p < 0.05). The proliferative
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Table 2 The effects of chronic caffeiner consumption on rat B
lymphocyte proliferative response to PWM stimulation

{10 mg/ml).

Caffeine dose Group Stimulation index p—valuea
(mg/kg/day) slze(n) (Mean + SEM)

0 11 36.0+8.1
2 6 35.0+5.3 > 0.05
6 5 11.1+47.2 < 0.05
18 6 32.748.7 > 0.06

a
Statistical analysis against non-caffeine treated rats

(0 mg/kg/day} by Mann-Whitney U test at p-value = 0.05
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Table 3 The effects of chronic caffeine consumption on rat T

lymphocyte proliferative responses to PHA-P stimulation.

a
Caffeine dose Group PHA-P concentration (mg/ml)
(mg/kg/day) size(n) =  -—----mo-m-meemo———————————meo o
1 50 100
0 10 1.6+0.5 29.8+5.1 15.743.83
z2 6 3.4+1.5 43.5¢9.8 20.4+4 .8
6 3 1.6+0.3 43.8+8.4 19.744 .0
b X
18 7 2.340.5 -9.8+9.2 38.0+8 .0

a
Stimulation indices at three concentrations of PHA-P; Mean + SEM

Statistically significant by Mann-Whitney U test against non-

caffeine treated rats, p < 0.05)
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Figure 3 Histogram shows stimulation indices of control

and chronic caffeine treated rat splenic

mononuclear cells by different doses of PHA-P.
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responses of the other two groups of caffeine treated rats (2
and 6 mg/kg/day) showed slight but insignificant increase

{p » 0.0b).

1.3 Total and differential leukocyte count

Total and differential leukocyte count were
investigated in all groups of rats. Data in Tables 4-7 and
Figure 4 show some changes of total leukocytes in caffeine
treated rats. For leukocyte differentiation (Tables 4-7,
Figures 5, é{, the percentage of various leukocytes (small
lymphocytes, :large lymphocytes, LGL, neutrophils, monocytes
and eosinophils) showed slight differences between groups of

rats. But no significant differences were observed betwaen

caffeine treated rats and control rats.

2. Direct effect of various caffeine concentrations on rat

[
=
-
o]

NK cell activity and lymphocyte proliferative response

The possible direct effects of caffeine on Sprague-
Dawley rat NK cells and B and T lymphocyte functions were
investigated. Various concentrations of caffeine, i.e., 5,
10, 20 and 40 pg/ml were added directly into the cultures.

The results are shown in Tables 8-10 and Figures 7-9.

2.1 BSplenic NK cell activity

The direct effect of caffeine (various

concentrations) on YAC-1 lysis was studied concurrently with
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control group

Y 2mg/ kg /day

6 mg/kg/day

SNd

18 mg/kg/day
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40001
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TOTAL LEUKOCYTES

Figure 4 Total leukocytes of control and chronic caffeine

treated rats (various doses).
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conventional NK cytotoxicity assay. The results (n = 10)
from Table 8 and Figure 7 showed that percent labelled target
cell (YAC-1) lysis and cpm of caffeine-target cell culture
were not different from that of labelled target cell culture
alone (spontaneous lysis). This indicates that caffeine
itself does not have any effect on labelled target cells

(YAC-1) lysis.

Table 9 and Figure 8 show percent cytotoxicity of
rat NK cells to labelled target cells in a 4 hr, S1¢r release
cytotoxicity assay. NK cell activities with all various
caffeine concentrations in the in vitro assay system were not

different from that of the control condition (culture of

effectors and labelled target cells without caffeine).

2.2 Lymphocyte proliferative response
The effect of four different concentrations of
caffeine were studied in groups of rats (13 rats). The
results are shown 1in Table 10. In the culture without
mitogen, it was demonstrated that proliferative response cpm

as well as stimulation indices of all five concentrations of
catfeine (0, b, 10, 20, 40 ug/ml) were not different.
Catfeine alone therefore, does not have any effect on splenic

mononuclear cell culture.

In the FPWM stimulation assay system, as shown in
Table 10 and Figure 9, caffeine shows an interesting effect
on B lymphocyte proliferative response. At all three high

doses of caffeine (10, 20 and 40 mg/ml) in the assay, there
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Table 8 All concentrations of caffeine have no effect on the

lysis of luabelled target cells.

T U AT U PR NN e B S SR G Gm ER SR SN EE AR B E S G e s W Gw B PR SN AD WD BN S S SR SE SN MD A6 M WD Gw W SN M G0 M MY R ME DWWy B AT TR BT SR G N B W N e wn e

b
A A T P c
Caffeine conc. Group Ccpm target cell p-valuse
(ng/ml) size(n) (Mean + SEM) lysis
0 10 49.1+48.3 18. 494243
& 10 50, 947.86 19.2+1.9 > 0.0k
10 10 52.4+7.3 19.4¢11 .4 y 0, 0k
20 10 48.7+7.0 18.2+2.) > O 1k
40 10 47.5+47.9 17.041 & ook
a
effector : target = 50:1
b
% labelled target cell lysis
= cpm of labelled target cell culture
———————————————————————————————————————— x 100
cpm of maximum lysis
]

Statistical analysis against of labelled target cells

(spontaneocus lysis) at p-value = 0.05
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51
Figure 7 Percentage Cr-labelled YAC-1 lysis in +the
absence and presence of various concentrations

of caffeine.
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Table 8 The effects of various concentrations of caffeine on

rat NK cell activities in the in vitro assay system.

a b
Catfeins couo. P % Cytotoxicity poosalae
(e /ml) 2imne(n) (Mean + SEM)
0 13 25.442 .2
b 13 30.5+2. 8 Q.0h
10 13 31.3+2.8 Q.05
20 12 28.2+2.2 0.0%4
40 13 24.6+2.6 0.05b

effector @ target = H0:1

b

Statistical analysis against the culture of effector

and target cells by Mann-Whitney U test at p-value = 0.05
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were significant reductions of the stimulation indices
(27.343.4, 28.1+2.6, 24.5+3.1 vs 40.2+4.4, p < 0.05). The
low dose ot caffeine (5 ug/ml) in PWM stimulation assay,

showed some reduction in the stimulation index but it was not

significant. /

Caffeine also induced reductions of the stimulation
indices similar to those of B lymphocytes on the
proliferations of T lymphocytes in response to PHA-P
stimulation (Table 10, Figure 9). In the presence of three
high concentrations of caffeine, the significant reductions
of +the PHA-P stimulation indices were observed (18.3+3.7,
19.5+3.2, 17.143.2 wvs 31.8+4.9, p value < 0.0bH). The low
caffeine concentration (5 mg/ml) gave some reduction of the
stimulation index but it was not significant. Thus, the
results indicate +that certain concentrations of caffeine
present in the assay system, produce significant reductions

in the proliferative responses of Sprague-Dawley rat splenic

mononuclear cells to both PWM and PHA-P.

3. The dose relationship of caffeine on rat splenic

mononuclear cell proliferative response.

The previous study of the effect of various caffeine
concentrations on rat splenic mononuclear cell proliferative
inhibits the proliferative responses. It had the inhibiting
effect on rat lymphocyte proliferative respov-.:s to both PWM

and PHA-F stimulation. In +this experiment, the dose
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E:l control
P24 5 ug/mi
- 10 ug/ml
M  20ug/mi
40ug/ml
501
40| l
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NO MITOGEN PWM
(A) (B)
Figure 9 The stimulation indices of rat

mononuclear cells in the absence and presence of
various concentrations of caffeine. (A)Y no

mitogen, (B) PWM stimulation and (C) PHA-P

stimulation.
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relationéhip of a broad range of concentrations of caffeine
on rat lymphocyte proliferative responses was determined.
The final concentrations of caffeine used in this study were
1, 10, 100 and 1,000‘pg/ml. Caffeine at all concentrations
did not have any effect on stimulation indices of splenic
mononuclear cell cultures without mitogen (Table 11). The
interfering {(inhibiting) effect on proliferative response to
both PWM and PHA-P could be observed at the caffeine
concentrations of 10, 100 and 1,000 mng/ml. These inhibiting
effects were statistically significant (31.5%4.7, 8.7+1.3,
1.6+0.3 vs 49.2+5.2 for PWM stimulation and 35.8+5.0,
12.2+41.6, 1.340.2 vs 50.2+6.0 for PHA-P stimulation, p <

0.0b).

To demonstrate the inhibiting effect of caffeine,
the percent inhibition was calculated as shown in Table 12.
The log dose-efffect relationship curve between various
concentrations of caffeine in the assay system and percent
inhibition ot stimulation indicies is shown in Figure 10. It
was demonstrated that there was relationship between
concentration of caffeine and the percent inhibition of the

proliferative response in the dose dependent pattern.
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Table 11 Stimulation indices of splenic mononuclear cell
culture with various concentrations of caffeine in the

absence and presence of mitogens (PWM or PHA-P).

e M B N B v W Em e S Me W A S G S GH W NP BB N SR W G GV DR OU G GO WD NE W RS SR SR B MR W N G SR (07 AR DR SO S OW NN DO PR MU S5 S0 W0 EN RSN AW BN RS NE RR AR SR WW OSS % nn oo

&
Caffeine cone. Group Stimulation index
(ng/ml) sffzelty) F-——-""""&E&&S R F-wW N T
- PWM + PWM - PHA + PFHA
0 10 SRS RIS 449 reh o0 1. a4, aq SIS
1 1 L.oleo. 1h 42, 08¢6.0 1.31+0.1 7% 48 vk
X +
10 1o [ W G 31 . 65647 1. 614000 IL Wl
* ¥
10 1o 0H.9340. 14 B.7v1 .3 1,110, 04 12,07
* ¥
a0 19 1. 2340 .00 1,640 .3 1. 2900 00 1 ot

MR Guh SE eun MY T N W D WD B G WG e S G bei D G SR SE MDY MW G B N MY G G P BG G I SR ) N S D M DU G G RGN AW R MR Em mm e S W ER SR W SN G M A RN SR MV TT M PE Am Am o

a
Mean + SEM

*
Statistically significant by Mann-Whitney U test against the no

catfeine mitogen -mononuclear cell culture at p-value = 0.05
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Table 12 The percent inhibition of stimulation indices of

various concentrations of caffeine on rat lymphocyte

proliferative response

Caffeine conc. Group % inhibition
()ng/ml) size(n) -~ ——————————————-
PWM FPHA-P
1 10 13.¢ 8.8
10 10 36.0 28.8
100 10 32.3 5.8
1u00 10 96 .4 97 .4

% inhibition

SI of culture without caffeine y
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——— PWM —— PHA-P

% INHIBITION

100 L.

| ] 1
0 ! 2 3

LOG DOSE OF CAFFEINE

Figure 10 Log dose-effect relationship between percent
inhibition of stimulation indices and wvarious

concentrations of caffeine (ug/ml).
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CHAPTER V

DISCUSSION

Immune cell functions are the results of various
biological reactions which occur inside the cells. These

biological reactions happen when the surface receptors are

stimulated properly. There are many kinds of surface
receptors on immune cells, for example, antigen receptor,
mitogen receptor, hormone and growth factor receptors. The

surface receptors on immune cells are also called cell
surface antigen, antigenic marker, phenotypic marker, etc.
Many monoclonal antibodies have been produced against well-
characterized cells in the immune system and show patterns of
reactivities with subpopulations determined by expression of
highly specific surface receptors. Some phenotypic markers
or surface markers are commonly found on many kinds of immune
cells, e.g., CD45, a human leukocyte common antigen expressed
on all leukocytes: T lymphocytes, B lymphocytes, granulocytes
and macrophages (44). However, some are unigue, e.g., CD4 on
T helper/inducer lymphocytes, CD8 on T cytotoxic/suppressor
lymphocytes and CD25 on NK cells. It is not only the
presence or absence of these surface receptors on the cells
that play roles in immune cell functions, but the quantities

of these surface receptors are also important.

Adenosine receptor is found in most cells including
lymphocytes (119, 120). There are at least two subclasses of

adenosine receptors that modulate either inhibition or
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stimulation of adenvlate cyclase; the inhibition receptor
(Rif or A, ) and the stimulatory receptor (Ra or A, ). In
addition, an inhibitory adenosine-related P-site has also
been identified. When adenosine bind to P-site it inhibits
adenylate cyclase activity (121). Adenylate cyclase is a

plasma-membrane-bound enzyme involved in c¢yclic 3 , b

adenosine monophosphate (cAMP) synthesis.

adenylate
cyclase rhosphodiesterase ,
ATP -~ <i———> cAMP ——--mm e e > 5 - AMP (122)

Caffeine (1, 3, 7-trimethylxanthine), theophylline
(1, 3-dimethylxanthine) and theobromine (3, 7-dimethylxan-
thine) are naturally occurring xanthine derivatives. These

compounds are called methylxanthines and are classified as

central nervous system stimulants. Although caffeine is used
in combination with other drugs, the safety of caffeine 1is
still controversial (123, 124). Many investigators have

studied the mechanism(s) of action of methylxanthine on cells
(125, 126). At present, it is generally accepted that the
aeffects of caffeine are mediated through antagonistic actions

on Ajadenosine receptor (127, 128).

To learn whether or not caffeine “as any effect on
immune cell functions, an animal model was used (adult male
Sprague-Dawley rats) in this study. Some advantages achieved
in using adult male rats were: First, the caffeine

consumption was more controllable; both times and doses could
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be manipulated (see appendix). Second, under.rable hormonal
effects such as those produced by estrogen (129), a female
sex hormone, were excluded. The effects of caffeine on

immune cell functions were shown under conditions of both

chronic administration (in vivo) and the direct additiom (in
vitro). The chronic conditions were studied by feeding
caffeine to rats for 120 consecutive days. Three different

doses of chronic caffeine given coresponded to the amounts
of coffee intake in humans of 1-2, 3-4 and 9-10 cups/day
{approximately 60-80 mg caffeine/cup). Four different
concentrations of caffeine were tested for the direct effects
(in vitro) on immune cell functions. Another four broad

concentrations of caffeine were used to test for +the dose

relationship pattern.

In chronic caffeine consumption (in vivo), there
were two opposing effects observed on rat NK, B and T cell
functions. Both effects were shown at different caffeine

concentrations and on different immune cells (Tables 1-3,

Figures 1-3). Under these circumstances, at least in the rat
model, caffeine had effects on immune B, T and NK cell
activities. At the caffeine dose of 6 mg/kg/day, the

activities of B and NK cells were significantly decreased (p
< 0.0b5), while their activities were unaffected at 1low (2
mg/kg/day) and high (18 mg/kg/day) caffeine dose. This
pattern of the effect of chronic caffeine consumption on B
and NK cells concur with the results from the study of Mohr

et al. (130) who reported an 1inverted dose-response
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relationship of chronic caffeine treatment in Sprague-Dawley
rats and tumour incidence with respect to both frequency and
multiplicity. The possible explanations for this
decreasing (reducing) effect of chronic caffeine consumption
may involve either the quantity or +the distribution of
surface membrane receptors especially receptors on NK cells
involved in target cell recognition and receptors on B cells
for PWM stimulation. 1f +there are changes of surface
receptors for target «cell recognition on NK cells, the
enumeration for NK and target cell binding might help to
clarify this. Alternatively, there may be a deviation of
intracelluar Ca?' concentration. Caffeine might interfere
with the level of ca’*t storage since it induces an increase
in intracellular Ca2+ in certain types of <cells, e.g.,
skeletal and cardiac muscle cells (21, 131). So in the
chronic condition, caffeine may alter intrr~ellular Ca2+
concentration which in turn affect the NK and B cell
activities since the optimal Ca2+ concentration is needed for
the NK cell cytolysis (90) and for the proliferation of B

cell (132).

In contrast to +this inhibition of NK and B cell
activities, the intermediate caffeine concentration had no
effect on the T cell proliferative response to PHA-P.
However, at higher dose (18 mg/kg/day) a significant increase
of T cell proliferative response was observed, particularly
at the PHA-P concentration of 50 ug/ml. Again, such an

etfect could be explained on the basis of changes of the
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membrane receptors, on different subpopulation of T
lymphocytes. In general, the optimal PHA concentration
stimulates all subpopulations of T lymphocytes while the high
concentration 1is suggested to stimulate preferentially some
subpopulation (T suppressor 7). An alternative explanation
could be that the T lymphocytes have entered a (potentially)
hyperreactive state as a result of the treatment at high
caffeine dose for 120 days; this in turn could reflect in an
altered density and distribution of PHA-P receptors. These
discordant effects of chronic caffeine treatment on B, NK and
T 1lymphocyte demonstrated requirements for different optimal

caffeine concentrations.

The direct (in vitro) effects of caffeine on NK cell
and B and T lymphocyte activities demonstrated different of
results on the different populations. On NK cell activity
measured in a 4 hr, 51Cr cytotoxicity assay, +the NK cell
activity was normal, 1.e., no interfere, at 4 different
concentrations of caffeine (5, 10, 20 and 40 pg/ml). Thus,
this study suggested that caffeine itself (5-40 mg/ml) did
not have any direct interfering effect on any step of NK
cell cytolysis. Nonetheless caffeine at optimal intermediate
dose in the chronic condition (in vivo) had a decreasing
effect on NK cell activity. This supports an explanation in
terms of changes in the quantity and distribution of surface
receptor (or target cell binding receptors) on NK cells.
Howiever, these changes need a period of time more than 4 hrs

to occur. On the other hand, caffeine added directly to
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cultures exerted similar (significant) inhibiting effects on
both the B and T cell proliferative responses to the mitogens
FWM and PHA-P, respectively. The mechanisms proposed for
this effect are first, changes of lntracellular Ca?+ level
inside B and T lymphocytes by caffeine. PWM and PIHA appear
to activate B and T lymphocyte proliferation by regulation
of Ca?" channel opening through the generation of inositol
polyphosphate. The increase of intracellular Ca2+
concentration and the activation of protein kinase C appear
to play important roles in the initiation of immune response.
Freedman et al. (133) reported an abrupt two- to five-fold

45Ca2+ uptake into lymphocyte within 1 to

increase in rate of
5 minutes after mitogen contact. In addition, Whitney and
Sutherland (134) reported up to 70 to 85% inhibition of DNA
and RNA synthesis in PHA stimulation if external Ca2+ was low
2 hours before stimulation and 25% inhibition after 12 hours
incubation. The possible interfering effect of caffeine (in
vitro) on B and T lymphocytes might be at the 1level of
membrane polyphosphoinositide hydrolysis that interferes with
the generation of inositol polyphosphate. However, this

reaction may require a period of time (72 hours) for -the

effect to be observed.

A second possible mechanism may involve cAMP. It
has been shown that cAMP plays an important role in cell
proliferation. Caffeine interacts with Aj adenosine
receptor on the membrane of lymphocytes and functiones as

adenosine receptor antagonist. resulting in the accumulation
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of cAMP (135-138). In addition, higher concentration of
catfeine acts as a phosphodiesterase inhibitor. Therefore,
more accumulation of cAMP is observed (128). Most reports
indicate that cAMP generally inhibites immune responses, for
example, PHA mitogenesis can be prevented by cAMP and also by

agents which induce intracellular cAMP synthesis (120, 139).

These evidences agree with our study. It is likely that one
mechanism whereby caffeine inhibits mitogen stimulated
lymphocyte proliferative response(s) is through the

accumulation of intracellular cAMP.

At certain concentration, caffeine may interfere
with +the biological activity of macrophage, such as the
release of interleukin-1 (IL-1) or it may induce the
secretion of prostaglandin (PGEZ). In the proliferation of
immune cells, wvariocus factors are necessary. In in vitro
assay, caffeine may affect the release of IL-1 from
macrophage, which may also decrease the synthesis of 1L-2
from the T, subpopulation. The decreased IL-1, IL-Z or both
or the accumulation of PGE, in the culture condition may
decrease or inhibit the proliferation capacities of B and T

lymphocytes to mitogen stimulation.

In conclusion, caffeine showed different effects on
rat immune cell functions. The differences were also observed
in chronic (in vivo) and in vitro (direct) conditions.
However, all effects of caffeine were dose dependent in both

conditions and there was a dose relationship of caffeine

concentration and +the inhibition of B and T lymphocyte
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proliferative responses in in vitro. There were different
effects of caffeine observed in this study: 1) An enhancing
effect was demonstrated in T lymphocyte proliferation to
PHA-P stimulation (50 and 100 ug/ml) in chronic caffeine
treated rats 18 mg/kg/day. 2) 1inhibitory effects were
observed on NK cell cytotoxic activity and B lymphocyte
mitpgenmstimulated proliferations from chronic caffeine
treated rats administered an intermediate 6 mg/kg/day. In
contrast, both B and T lymphocyte mitogen-stimulated
proliferations decrease by in wvitro direct) caffeine
addition. However, no effect could be demonstrated on NK
cell cytotoxic activity in the in vitro (direct) caffeine

addition. The mechanisms proposed were: 1) the changes of

distribution and quantities of surface receptors on NK, B and

T cells in chronic caffeine administration, 2) the
interfering effect of caffeine on intracellular Ca2+ level,
3) the accumulation of cAMP inside the cell, 4) the
reduction of IL-1 secreted from macrophages and I1L-2

synthesized by T <cells, and 5) the increased product of PGE2

secreted from macrophage.

This study showed that caffeine had the effects on
NK, B and T cell activities both in the chronic (in vivo) and
in vitro (direct) conditions. The in vitro (direct) effect
of caffeine on B and T cells proliferation activities showed
the pattern of log dose-effect relationship. Thus, the

future studies for the exact mechamism(s) and dose effect

relationship are needed which may be applied for the
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manipulation of B and T cell activities in some

immunopathological conditions.
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CHAPTER VI

SUMMARY

The conventional 4—hr51Cr release cytotoxicity assay
for NK cell activities on YAC-1 target cell and the assay
for proliferative responses of B and T cells to mitogen

stimulation (PWM, PHA-P) were performed to study the effect

of céffeine on Sprague-Dawley rat immune cells. Both chronic
(in vivo) and direct (in vitro) effects of caffeine were
studied.

1. Both the NK cell activity and B lymphocyte
proliferative response to PWM of 8 mg/kg/day chronic caffeine
(in vivo) treated rats (120 days) were significantly
decreased (p < 0.05) from control rats. However, there were
no significant differences (p > 0.05) in the 2 and 18
mg/kg/day chronic caffeine treated rats no» awmong each group

of rats.

2. At 50 and 100 pug/ml PHA-P stimulation, T
lymphocyte proliferative responses of 18 mg/kg/day chronic
caffeine treated vrats were significantly increased (p <
0.05). But the increases were not significant in the other

two groups (2 and 6 mg/kg/day).

3. Total leukocytes and leukocyte differentiation
of all three groups (2, 6 and 18 mg/kg/day) of chronic

caffeine +treated rats were not different (p > 0.0b) from the
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control rats.

4. No significant differences (p > 0.06) in NK cell
activities were observed in the absence or presence of
various concentrations of caffeine (b, 10, 20, 40 pg/ml) in

the assay system.

5. Caffeine at any concentration studied did mnotl
have any lytic effect on YAC-1 cells nor any proliferative

effect on splenic mononuclear cells.

8. The direct (in vitro) effect of caffeine on both
B and T lymphocyte mitogen-stimulated proliferative responses
showed similar results. There were significantly decreased

(p < 0.05) B and T lymphocyte proliferative responses at 10,

20 and 40 ug/ml  caffeine.

7. Positive relationships were found between
percent inhibition of B and T lymphocyte proliferative
responses and the various concentrations of caffeine (1, 10,

100 and 1,000 ug/ml) in the assay system.
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APPENDIX

RPM1 1640 culture medium (Gibco)

EDTA

RFMI 1640 (instant powder) 1 package/litre
NallCO 4 0.2 g

Penicillin Streptomyein (10°U, 10° pg/ml) solution 1.0 ml
1 M HEPES 10.0 ml
L--glutamine 350.0 mg

Adjust pll with 1 N NaOH or 1 N HCl1l to 0.2-0.3 below final
working pll (pH 7.2-7.4). Add non-ionized distilled water to

1000 ml. Sterilization by 0.45 u millipore membrane filtration.

9% Ficoll : Ficoll 400 (Fhamacia Fine Chemicals) 9.0 ml
Distilled water to 100.0 ml

Sterilization by autoclaving

To use ToUs Picoll 20 vaolume
33.3% Hypaque (Wintrop Laboratories) 10 volume
tillation fluid
Pro 5.0 g
H,POror 0.1 g
Toluene 1.0 1
Dipotassium LDTA 7.5 g
Distilled water to 100.0 ml

fut 0.1 ml of EDTA solution into 5-6 ml test tube, then dry
fa)
it in 40 O C  oaven. This amount of EDTA c<can act as



anticoaggulant of 2-5 ml of blood.

Phosphate buffer (pH 7.2, 1/15 M)

Stock A 1/15 M Na,HPO4

93

Na,HEPO4 9.5 ¢
Distilled water to 1,000 mi
Stock B 1/15 M NaH,PO, 2H,0
NaH,FO, 2H,0 9.2 g
Distilled water to 1,000 ml
Working buffer
Stock A 72.0 ml
Stock B 28.0 ml
Distilled water 900 ml
Final pH 7.2
Phosphate buffer saline (pH 7.2, 0.156 M)
Sodium chloride 8.5 g
Fhosphate buffer to 1,000 ml

Final pH 7.2

Calculation of catfeine doses for rat feeding

[t is important to design appropriate amount of test

compound feeding laboratory animals. In general, the doses

base on the amount of substances per body weight of animal,

e.g., mg/keg. Pinkel (140) showed that to determine

the

appropriate amount of test compound to administer to patient

or laboratory animal, it should be based on body surface

area. On  the basis that small animals had relatively more

surface and used relatively more oxygen than large animals.
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Doses in rats can be roughly equivalent to the dosage used in

hamar . The doszes can be converted from mg/kg to mg/m2 by the

following {formula.
dose in mg/m?2 = km x dose in mg/kg

Where km is appropriate factor derived from standard
relationship between welght and surface area as

given by Sendory and Cecchini (141)

;
V2
km = 10° x (kg)®

k

where k values were given for each species (mouse=9.0,

rat=9.0, monkey=11.8, dog:10.1 and man=1.0).
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