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CHAPTER I 

INTRODUCTION 

In recent years, cocaine has had a resurgence in popularity in the United States 

(Adams and Durell, 1984; Katz, 1985). The increased use of cocaine has created increased 

concern with the problems involved with cocaine use within the United States. The 

scientific community in particular has become concerned with the negative effects of 

cocaine on the human body, particularly the immune system (Pillai, Nair, and Watson, 

1991). At the central core of the immune system are the antigen presenting cells. Antigen 

presenting cells include: Langerhan cells, B cells, and Macrophages (M0's). The M0 has 

been the subject of many studies and has been shown to participate in phagocytosis and 

cytokine secretion. The various cytokines secreted by M0's are required for immune 

cellular maturation and function. This study focuses on the effects of cocaine on the 

macrophage in terms of cytokine secretion and phagocytosis as a model of cellular immune 

function. 

Cocaine 

History 

Cocaine or benzoylmethylecgonine is an alkaloid extracted from the plant 

Erythroxylon coca which use has varied throughout the ages (Gabrowski, 1984). The 

oldest use of cocaine was recentiy reported to have been found in 3000 year old Egyptian 

mummies. During the sixteenth century Spanish conquistadors discovered Peruvians using 

coca leaves as a stimulant to bolster mining endeavors. The active ingredient in coca leaves 

was first extracted by Friedrich Gaedecke in 1855. Four years later, Albert Niemann, also 

isolated the active ingredient and gave it the name cocaine (Kleber, 1988). Soon thereafter, 

the scientific community began to experiment with this new compound. The peak of 
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experimentation was near the turn of the century (Musto, 1991). Kari Koller first used 

cocaine in 1884 as a local anesthetic during surgery. Cocaine was later used in surgeries of 

the eye, ear, nose and throat in addition to amputations and hernia operations (Benowitz, 

1993). SubsequenUy, cocaine was used as remedy for many ailments such as asthma, 

digestive disfunction, hayfever, nervous exhaustion, syphilis, and toothaches (Musto, 

1991; Kleber, 1988). Ironically, cocaine was also used as a treatment for addictive 

behaviors such as alcohol and opiate abuse. 

Cocaine became available for use by the public in 1885 through the elixir Coca 

Cola® by John Styth Pemberton. This entrepreneur produced Coca Cola® by adding 

together coca leaves to kola nuts and a syrup creating "a valuable brain tonic and cure for all 

nervous affections" (Benowitz, 1993). Due to the increased use of cocaine, reports of the 

detrimental effects became well-known and use of the drug declined (Gawin, 1991). 

Consequently, cocaine was limited to medical use by the Pure Food and Drug Act of 1906. 

Cocaine was labeled a narcotic by the Harrison Narcotic Act of 1906 and made illegal to 

posses by the Controlled Substances Act of 1970 (Adams and Durell, 1984). These laws 

forced cocaine underground. Initially, cocaine users were typically wealthy and youthful 

such as business people, entertainers, and sports figures who could afford a costly party 

drug. Such users considered the inhalation of cocaine to be a safe nonaddicting euphoriant. 

This oppinion was due to the low frequency of serious toxicity from this route of 

administration (Gawin, 1991). 

Routes of Administration 

Cocaine is taken via three major pathways, chewing, inhalation, or injection. Each 

pathway has its own characteristics and problems. Because cocaine is both water and fat 

soluble, it easily passes through mucosal membranes. Inhalation and chewing depend 

upon cocaine's ability to be easily absorbed through these mucosal membranes in the lungs 
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and the gastrointestinal tract. (Jones, 1984). Injections of cocaine into the blood stream has 

its own inherent problems such as bypassing non-specific immunity and an increased risk 

of overdose. 

Ancient South Americans ingested cocaine by chewing of the coca leaves mixed 

with ashes. This method caused relatively low blood concentrations, since the active 

ingredient was not concentrated before ingestion. Once more concentrated cocaine was 

available, it began to be inhaled (or snorted) as a hydrochloride salt. This, the most 

popular method, creates a blood concentration approximately double that of chewing. 

Inhalation can cause ischemic nasal damage, nasal congestion, ulcerations of the nasal 

tissue, and, rarely, perforation of the nasal septum. In some cases, cocaine abusers may 

progress to using cocaine intravenously. With the advent of AIDS and hepatitis, this 

invasive route has become unpopular because of the risk of infection (Vaz, 1994). 

Recently a powerful new route of administration has been utilized; cocaine smoked as a free 

base, called "crack." This route is as addictive as intravenous ingestion, without the 

unacceptable stigma or infectious danger of injection (Gawin, 1986). Finally, scientists 

who work with animals prefer the method of intraperitoneal (i.p.), injection for ease of 

administration and accuracy of dosage despite the fact that humans do not inject cocaine i.p. 

Metabolism 

Cocaine is rapidly and extensively metabolized in vivo by both hydrolytic and 

oxidative pathways with as little as 1% excreted unchanged in the urine (Jeffcoat etal., 

1988; Vitti and Boni, 1985). The majority, i.e. 80-90%, of cocaine is hydrolyzed by 

plasma pseudocholinesterases (Pch), or liver esterases, into benzoylecgonine, ecgonine 

methyl ester and ecgonine. Rapidly after ingestion, benzoylecgonine and ecgonine methyl 

ester become the major components in blood plasma (Jeffcoat etai, 1989; Cone etal., 

1991). In fact, after twelve hours in humans, approximately 46% is benzoylecgonine and 



41% ecgonine methyl ester with the remaining 12% being ecgonine, unmodified cocaine 

and other intermediates. In addition, the ratios of cocaine to benzoyleconine for varying 

routes of administration were 1:7 for intravenous injection, 1:13 for nasal insufflation, and 

1:8 for smoke inhalation (Stewart et al, 1979; Jeff coat et al, 1989). Furthermore, 24 

hours after a single dose of cocaine, the drug itself cannot be detected in the blood. 

(Jeffcoate/a/., 1989; Nakahara, Ochiai, and Kikura, 1992). 

In contrast to the major pathway, in which the major products are benzoylecgonine, 

ecgonine methyl ester and ecgonine, another, minor pathway, involving cytochrome P-450 

exists in which the products are norcocaine, norcocaine nitroxide, and Â  -

hydroxynorcocaine. Norcocaine has been shown to be more active than cocaine. As an 

example, norcocaine forms a hepatotoxin from norcocaine either through Â  -hydroxylation 

to Â  -hydroxynorcocaine or through oxidation to norcocaine hydroxide (Thompson, 

Shuster, and Shaw, 1979; Roth etal., 1992). 

Effects 

The fundamental effect of cocaine is to increase all normal pleasures by increasing 

the levels of dopamine and other neurotransmitters in the brain. Cocaine can produce 

psychological symptoms such as profound subjective well-being together with alertness. 

Without distorting the environment, cocaine intensifies emotions and enhances sexual 

feelings (Freud, 1884; Van Dyke etal., 1982). Self-confidence and self-perceptions of 

mastery increase, so anxiety is initially decreased. Social inhibitions are reduced, and 

interpersonal communication is facilitated. In addition, satiation of appetite occurs, thus, 

pleasures involved with eating are not enhanced (Gawin and Kleber, 1985). 

The smoking of cocaine can cause several cardiopulmonary maladies such as: 

cough, diffuse alveolar hemorrhage, fever, hemoptysis, ischemic lung damage, 

pneumonia, pulmonary edema, and sputum production. Within minutes of smoking 



cocaine, a user may experience severe chest pain and dyspnea. This may be due to cocaine 

reducing the ability of lung tissue to expel carbon monoxide (Hoffman and Goodman, 

1989; Thompson, Shuster, and Shaw, 1979). In addition, cocaine can cause or contribute 

to asthma and even respiratory failure due to cocaine's inhibition of the medullary centers in 

the brain (Rebhum, 1988). 

Increased dopamine concentrations in the brain causes several cardiovascular effects 

such as vasoconstriction, increased heart rate, and blood pressure. Tachycardia often 

occurs within minutes of cocaine ingestion due to cocaine's local anesthetic activity and to 

indirect stimulation of alpha-receptors. Cocaine could induce arrhythmia due to blocking of 

cardiac sodium ion channels causing a reduction of impulse reduction rate (Crumb and 

Clarkson, 1990; Jones and Tackett, 1990). In addition, cocaine has been shown to 

increase blood pressure via adrenergic stimulation in a dose dependent manner (Foltin et 

al, 1988). 

Cocaine has two major pharmacological effects, a local anesthetic and a stimulant 

via enhancing neural transmission. Cocaine's anesthetic potency is due to the prevention of 

the conduction of sensory impulses by interfering with the neuron membrane blocking 

specific ion channels. As a result of this interference, the ion exchange which is normally 

responsible for the electric signals cannot be transmitted along the axon and therefore 

sensory impulses are not received by the central nervous system. Cocaine is thought to 

produce pleasure or reward by increasing neurotransmission in the mesolimbic or 

mesocortical dopaminergic tracts, or both, in the brain (Gawin and Ellinwood, 1988; 

Kokkinidis and McCarter, 1990). Cocaine has also been shown to increase catecholamine 

receptor sensitivity. Cocaine increases extracellular dopamine concentrations by preventing 

the uptake of dopamine in brain nuclei that control reward behavior. It binds to the 

dopamine transporter that is labeled by mazindol and to imipramine binding sites on 

serotonergic neurons preventing dopamine uptake in the post-synapse receptor (Ritz, Lamb 
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etal, 1987; Reith etal, 1983; Jones, 1984). In addition, lesions produced in these 

pathways block the effects of cocaine and dopamine receptor blockers attenuate the effects 

of cocaine (Wise, 1988; Koob and Bloom, 1988). Furthermore, cocaine also increases 

neurotransmission by inhibiting the uptake of the neurotransmitters acetylcholine, 

norepinephrine and serotonin (Mendelson etal, 1989). Moreover, cocaine also affects 

neurotransmission in histamine and phenethylamine pathways. Finally, cocaine stimulates 

the release of beta endorphins, adrenocorticotropic hormone, and corticosterone which are 

powerful modulators of the immune system (Banerjee etal, 1979; Forman and Estilow, 

1988; Pillai, Nair, and Watson, 1991). In contrast to opioid drugs of abuse, cocaine does 

not directiy activate enkephalinergic receptors, but may indirectly influence these systems 

(Gawin, 1991). These neurotransmitter actions are not solely responsible for the cocaine 

euphoria or addiction because: each is also produced by other pharmacological agents that 

do not produce euphoria, are not self-administered by animals, and are not abused by 

humans. Thus, the euphoric properties of cocaine clearly have been shown to require 

activation of dopaminergic systems. However, the molecular mechanisms involved and 

whether activation is due only to direct cocaine effects on dopaminergic neurons or to 

simultaneous actions on other neurotransmitters is uncertain (Gawin, 1986; Gawin and 

Ellinwood, 1988). 

Macrophages 

Historv 

The M0 was first described by Elie Metchnikoff in Messina one hundred years ago 

as a large mononuclear phagocytic cell in tissues (Kamovsky, 1981). This cell was once 

considered to be part of the reticuloendothelial system (RES). The M0 is now considered 

to be a member of the mononuclear phagocyte system, (MPS) (van FurUi et al, 1972). The 

MPS consists of bone marrow-derived monoblasts and promonocytes, peripheral blood 



monocytes and tissue M0's. The MPS was considered more useful because it classified 

cells based upon common origins, similar morphology and identifying features whereas the 

RES did not have established cell origins within that system. Today, the MPS is widely 

accepted as the replacement for the RES. (van Furth, 1994). 

Distribution 

The M0 is the principal differentiated cell in the MPS. These cells are distributed 

throughout the body and display structural and functional heterogeneity. Due to differences 

in function and structure, these cells have varying names in various tissues. Macrophages 

are found in bone tissue, central nervous system as microglial cells, gastrointestinal tract, 

liver as Kupffer cells, lungs as pulmonary and alveolar macrophages, lymphoid organs, 

serous cavities, spleen, and synovium (van Furth, 1989). Because of the M0's diverse 

locations throughout the body, these cells participate in a wide range of physiological and 

pathological processes (Auger and Ross, 1992). 

Development 

The MPS has a development pathway that is divided into two major arms; the 

granulocyte and monocyte pathways. Both of these cells begin their life cycle as 

multipotent stem cells in the bone marrow which are capable of self renewal and 

differentiate into lineage specific progenitor cells. These multipotent stem cells develop into 

self-renewing cells that can develop into either granulocytes or monocytes termed colony 

forming units for granulocytes and monocytes (CFU-GM). At this point the pathway 

splits. One subset of the CFU-GM's will develop into colony forming units for 

granulocytes (CFU-G) and the other subset will develop into colony forming units for 

monocytes (CFU-M). These cells are still capable of self-renewal; however, CFU-M'S are 

no longer able to revert back CFU-GM's, whereas the CFU-G's are able to regress to the 

CFU-GM state. A subset of CFU-M's develop into monoblasts which are still capable of 
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reversion to CFU-M's. (van Furth, 1994). Monoblasts test positive for lysosyme and 

nonspecific esterase. Both of these enzymes are used to identify mononuclear phagocytes 

(Everse and Everse, 1982; Shevach, 1984). All monoblasts have receptors for 

Immunoglobulin G (IgG) but not complement component 3b (C3b). Monoblasts are 

capable of phagocytosing red blood cells (RBC) opsonized with IgG but only rarely 

bacteria opsonized with this antibody (van Furth et al, 1980). These monoblasts divide 

and become promonocytes. In addition to being positive for lysozyme and non-specific 

esterase, promonocytes also have peroxidase positive granules. The majority of 

promonocytes have receptors for IgG and C3b and will ingest both bacteria and RBC's 

opsonized by IgG but relatively few RBC's opsonized with C3b (van Furth et al, 1980; 

van Furth and Diesselhoff-den Dulk, 1970). Promonocytes divide and become monocytes 

which remain in the bone marrow for approximately 2-1/2 days before entering the 

bloodstream where they circulate for 1-3 days. In the mouse, the total monocyte 

production is approximately 1.5 x 10̂  cells per day (Rook, 1989; van Furth, 1989; van 

Furth, 1994). Under normal steady-state conditions, monocytes migrate randomly to 

various organs and body cavities where they differentiate into macrophages. Macrophages 

remain at these sites for one to two months then die, locally or in draining lymph nodes 

(van Furth, 1994). In the mouse the life span of M0's varies with its location. The longest 

lived M0's are the Kupffer cells in the liver with a life span of 60 days, followed by the 

alveolar M0 with a life span of 50 days, and finally the peritoneal M0 with a life span of 20 

- 40 days (van Furth, 1989). 

Functions 

Upon entering the tissues, monocytes differentiate into macrophages and perform 

important tissue-maintenance and regulatory functions such as phagocytosis, microbicidal 

and tumoricidal activity, antigen presentation, and secretion of a myriad of substances 
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including enzymes, complement components, tissue clotting factors, growth factors and 

inhibitors, and immunoregulatory substances (Stewart, Riedy, and Stewart, 1994). The 

M0 has also been shown to perform endocytosis via numerous cell surface receptors that 

allow the M0 to interact with endogenous and exogenous proteins, hormones, Upids and 

polysaccharides. Interactions of receptors for these substances with their complementary 

ligands results in the engulfment of these substances as well as various particles which 

exhibit these ligands. Following binding and/or internalization, these cells synthesize and 

express bioactive molecules, known as cytokines, which modulate the response of these 

and other cells to the environment. Macrophages also secrete more than 100 different 

substances, each with their own immunomodulating function (Vaz, 1993). In addition, 

M0's rapidly mobilize to infected sites, participate as accessory cells for activation of T-cell 

and rapidly release mediators which results in the acute phase response following infection. 

Furthermore, these cells function as one of the major guardians of the host defense by 

eliminating aberrant cells (Asher era/., 1987; Beutier and Cerami, 1989; Kelso, 1989). 

Phagocytosis 

Macrophages are actively phagocytic cells capable of ingesting and digesting 

exogenous antigens such as cellular debris, injured and dead host cells, insoluble particles, 

and whole microorganisms. Prior to phagocytosis, M0's are attracted to and move up a 

gradient of chemotactic molecules guiding the macrophage to a given target (Kuby, 1994). 

Once the M0 has reached its target, the M0 begins to adhere to the target species via ligands 

and receptors on membrane protrusions or pseudopodia. Ligands merely bind to the 

particle while receptors bind the particle and transmit a transmembrane signal into the M0 

inducing subsequent steps in phagocytosis (Mosser, 1994; Wright and Silverstein, 1986). 

Phagocytosis is greatiy enhanced, at this step, when antibodies against the target species or 

complement proteins are used to opsonize the particle increasing receptor binding (Falkow, 



1994). The pseudopodia then fuse enclosing the particle within a membrane-bound 

phagosome. This phagosome then fuses with a lysosome containing hydrogen peroxide, 

oxygen radicals, lysozyme, peroxidase, and various hydrolytic enzymes forming the 

phagolysosome. In this phagolysosome, the particle is broken down into smaller units that 

can be presented to other ceils of the immune system (Lanier, 1991; Lanzavecchia, 1990). 

Tumor Necrosis Factor 

In addition to phagocytosis, macrophages have been shown to secrete cytokines 

such as tumor necrosis factor (TNF). TNF is the term now used to describe two low 

molecular weight proteins once referred to as cachectin (TNF-a) and lymphotoxin (TNF-

p). When discussed in the literature, the term TNF refers to TNF-a due to more prevalent 

research on this protein and proof that TNF was identical to cachectin (Beutier and Cerami, 

1989). The tumor necrosis factors (TNF-a and TNF-p) are the protein products of two 

closely related genes separated by about 1100 base pairs within the major 

histocompatability complex (MHC). Thus, either TNF-a or TNF-p most likely evolved 

from a gene duplication (Pennica etal, 1984). Despite the low percentage of homology 

between TNF-a and TNF-p (30%), both proteins bind the same receptor and generally 

elicit similar biological responses (Aggarwal, Essalu, and Hass, 1985; Nedwin etal, 

1985; Ruddle, 1992). TNF-a is a 17-kDa protein that is made primarily by the cells of the 

monocyte-macrophage lineage (Abbas, Lichtman, and Pober, 1991; Higuchi etal, 1990). 

TNF-p is made primarily by lymphocytes (Granger and Kolb, 1988). At low 

concentrations, TNF acts as both an autocrine and paracrine regulator of endothelial cells 

and leukocytes. At higher concentrations, TNF acts as an endogenous pyrogen involved in 
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systemic immune reactions performing as an endocrine hormone affecting numerous 

physiologic functions. In addition, TNF is involved in the destruction of aberrant cells and 

inmiunomodulation of the immune system (Asher etal, 1987; Beutier and Cerami, 1989; 

Kelso, 1989). Activated M0's secrete TNF in response to stimulation by bacillus Calmette 

Guerin, lipopolysaccharide (LPS), muramyl dipeptide, phorbol myristate acetate and a 

variety of peroxidative enzymes (Jueer a/., 1990; Lefkowitz er a/., 1988; Lefkowitz, etal, 

1992; Oppenheim, Ruscetti, and Faltynek, 1991). TNF may be membrane bound or 

secreted into the extracellular environment by the M0 (Decker, Lohmann-Matthes, and 

Gifford, 1987). 

Previous Studies 

The effects of cocaine on the immune system has been reviewed recently by Watzel 

and Watson (1990). Many of the frequently abused drugs such as cocaine, under specific 

conditions, are capable of altering the immune response. The common pathways include 

respectively: stimulation of adrenocortical secretion with subsequent increases in serum 

levels of glucocorticoids and activation of the sympathetic nervous system, followed by the 

release of catecholamines. Interactions of the immune system with various 

neurotransmitters and hormones has recently been recognized without contributing a clear 

perspective as to the effects of these influences. Under specific conditions, cocaine has 

been found to be immunosuppressive and under other conditions cocaine has been found to 

be inununoenhancing. 

The effects of cocaine on lymphoid cells has been investigated. Watson et al 

(1983) demonstrated that cocaine was immunosuppressive when administered to mice. 

Dosages of 15-60 mg/kg caused inhibition of both delayed hypersensitivity using DNFB 

and plaque-forming cells. Havas etal. (1987) indicated that dosages as high as 50 mg/kg 

given 3 times per day had no significant effect on antibody production to pneumococcal 
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polysaccharide but resulted in a two-fold increase of anti-DNP plaque-forming cells in 

mice. Ou, Shen, and Luo (1989) discovered a reduction in the numbers of both 

thymocytes, leukocytes as well as plaque forming cells. Bagasra and Forman (1989), 

using dosages as low as 1.25-2.5 mg/kg in Fisher rats demonstrated an increase to both T-

dependent as well as T-independent antigens. However, higher concentrations (5 mg/ kg) 

caused a reduction in these responses. In addition, cocaine has been shown to augment 

proliferation of human T cells when activated by the T-cell receptor complex via increasing 

calcium ion mobilization and subsequent interleukin-2 production (Matsui, Friedman, and 

Klein, 1992). Elevated IgG serum levels have been discovered in intravenous drug users. 

However, cocaine has not been shown to affect B cell function in vitro, suggesting that this 

aberration is caused by cocaine by an indirect mechanism in vivo (Martinez and Watson, 

1990) 

The influences of cocaine on cells of the MPS has also been investigated. 

Intramuscular (i.m.) injections given 24 hr before assay reduced phagocytosis of peritoneal 

M0 by 75 percent (Ou, Shen, and Luo, 1989). Studies by Chao et al. (1991) detected an 

increase in the levels of the cytokine transforming growth factor-p (TGF-p) which 

interfered with superoxide production and cell killing by cultured monocytes. This 

cytokine is known to decrease various cell functions and may be one of the indirect 

mechanisms suggested by Martinez and Watson (1990). Recent studies have suggested 

that cocaine might increase human immunodeficiency virus (HIV) replication by human 

monocytes in vitro through the production of TGF-p (Peterson et al, 1991). Lefkowitz, 

Vaz, and Lefkowitz (1993) demonstrated that cocaine inhibits macrophage-mediated 

cytotoxicity (MMC) by peritoneal M0 as well as reduces in the level of reactive nitrogen 

intermediates (RNI) from cocaine injected mice. Cocaine has been reported to inhibit 

neutrophil functions including cell surface receptor function and superoxide induction 
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(Haines etal, 1990). In addition, the effects of cocaine on cytokine secretion has also 

been investigated. Shen, Kennedy and Ou have recently demonstrated that in vitro 

exposure to cocaine causes a reduction in TNF as well as interieukin-1 (IL-1) secretion in a 

dose dependent manner above 200//g/ml when stimulated with LPS. These reseachers 

have also shown that cocaine causes an increase in cyclic adenosine monophosphate 

synthesis when added to cultures. Furthermore, cocaine has been proven to inhibit 

secretion of the cytokines TNF (in vitro and in vivo), IL-1 (in vitro), and interieukin-6 (IL-

6) (in vitro and in vivo) in peritioneal macrophages when stimulated with concavalin-A as 

well as LPS. When cocaine was administered in vivo, splenic macrophages secreted 

altered levels of multiple cytokines. These cells produced elevated amounts of the 

cytokines interieukin-2 (IL-2), interieukin-5 (IL-5), IL-6, and TNF, while having no effect 

on interferon gamma (IFNy) and causing a reduction in interleukin-4 (IL-4) and interleukin-

10 (IL-10) (Wang, Huang, and Watson, 1994). Finally, i.p. injections of cocaine has also 

been demonstrated to enhance TNF secretion by peritoneal and alveolar but not TG induced 

macrophages when stimulated with LPS and IFNy in C57BL/6 mice. When these mice 

were concurrently infected with LP-BM5 murine leukemia retrovirus, further in vitro 

exposure to cocaine caused a reduction in TNF production (Chen et al, 1994). 

Studies of cocaine in vitro do not give a clear picture of the effect of cocaine on the 

immune system. Cocaine had no effect on NK activity at concentrations found in blood 

plasma (Van Dyke et al, 1986). In addition, in vitro cytotoxicity mediated by NK cells 

and cytotoxic T-lymphocytes was not affected by cocaine at concentrations associated with 

in vivo studies (Lu and Ou, 1989). Furthermore, human lymphocyte subsets exposed to 

high concentrations of cocaine were not affected (Bagasra and Forman, 1989). However, 

100/<g/ml of cocaine inhibited blastogenesis of lymphocytes in response to concanavalin A 

by 26% and 200/ig/ml reduced blastogenesis by 73 percent (Klein, Newton, and 

13 



Friedman, 1988). The differences reported by these various investigators could be 

explained by differences in cell subsets, dosages, routes and schedules of administration. 

Objectives of Current Research 

The purpose of this study was to examine immune parameters affected by cocaine: 

1. To determine the level of cytotoxicity of cocaine to macrophages in vitro. 

2. To determine the effect of in vitro exposure of cocaine on phagocytosis and intracellular 

killing. 

3. To determine the effect of in vitro exposure to cocaine on TNF production using 

horseradish peroxidase (HRP) and deactivated horseradish peroxidase (DHRP) in vitro. 
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CHAPTER II 

MATERIALS AND METHODS 

Experimental animals 

Male or female, 12- 16-week-old C57BL/6 mice were purchased from Jackson 

Laboratories, Bar Harbor, ME. All mice were housed at Texas Tech University 

Department of Biological Sciences animal facility. 

Cells and Tissue Culture Media 

Media used for the studies were Dulbecco's Modified Eagles Medium (DMEM) 

(GIBCO, Long Island, NY) or RPMI 1640 (GIBCO, Long Island, NY). DMEM and 

RPMI were supplemented with 10% fetal bovine serum (FBS) (Intergen, Purchase, NY), 

25 mM N-2-hydroxyethyl-piperazine-N'-2-ethane-sulfonic acid (HEPES) (Research 

Organics, Cleveland, OH) and 50 mg/1 gentamicin sulfate (U.S. Biochemicals, Cleveland, 

OH). These were designated as complete media. Macrophages were cultured for most of 

the studies in complete DMEM at37°C under 5% carbon dioxide (COj). For the tumor 

necrosis assay, WEFII 164 fibrosarcoma cells were obtained from American Type 

Collection (ATCC) (Rockville, MD) and grown in complete RPMI 1640. 

Cocaine Administration 

Cocaine hydrochloride was obtained from the National Institute of Drug Abuse 

(NIDA). The drug was dissolved in phosphate buffered saline (PBS), at pH 7.2 and then 

filter sterilized. The cocaine was injected i.p. or was added to macrophage cell cultures in 

DMEM using varying schedules. 

Collection of Peritoneal Macrophages from C57BL/6 Mice 

Methods used were essentially the same as those reported by Wei, Lefkowitz, 

Lefkowitz, and Everse (1986). TG induced M0 were injected with I ml TG broth (Gibco, 
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Long Island, NY) 4 days prior to harvesting. Mice were sacrificed by cervical dislocation. 

With the ventral side up, the skin was irrigated with 70% methanol, cut along the midline, 

and removed. Each animal was injected with 8 ml of cold phosphate PBS at pH 7.2. The 

abdomen was massaged for 1 minute, the PBS was slowly withdrawn, reinjected, the 

abdomen massaged again for one minute, and the PBS was slowly removed from the 

peritoneum. The PBS containing the harvested cells was centrifuged at 150 x g for 10 

minutes at 5^C. RBC contamination was minimized by suspending the collected cells in 2 

ml of 0.83% ammonium chloride solution for 1 minute. After which the cells were counted 

using a hemocytometer, and resuspended at the desired concentration in DMEM without 

serum. Cells were kept on ice before assay. 

Cocaine Cytotoxicity to Macrophages 

M0's were and suspended in DMEM and the cell number adjusted to 1 x 10̂  

cells/ml then 100 /<1 added to a 96 well culture cluster (Costar, Cambridge, MA). Cells 

were then incubated for 2 hours in DMEM without FBS. Non-adherent cells were 

removed by washing with 200 //I of complete DMEM. Cocaine was then added to culture 

wells in complete DMEM then serially diluted across the plate using two-fold dilutions. 

Macrophages were then stained with 0.4% trypan blue to test for viability. Cells were then 

scored microscopically into three categories: dead, rounded, or spread. Spread M0's 

appeared as normal flattened cells not staining blue. Rounded cells did not stain blue but 

remain unspread. Dead M0's stained blue and appear smaller than normal cultured cells. 

M0 numbers were assessed using 4 replicates of 100 cells dividing them into each of the 

categories as described above. 
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Bacterial Phagocytosis and Killing 

Bacterial Preparation 

One inoculating loop of Escherichia coli was added to 10.5 ml Tryptic Soy Broth 

(TSB) in a 250 ml Erienmeyer flask. The bacterial culture was then grown at 3TC on an 

orbital shaker at 200 rpm to an optical density (OD) of 1.0 absorbance at a wavelength of 

450 nm. This OD corresponded to approximately 1x10^ colony forming units per ml 

(CFU/ml). A plate count was performed using tryptic soy agar (TSA) to determine the 

precise bacterial concentration before use with M0's. The bacteria were then stored at 4''C 

for no more than 12 hours in TSB. After storage, the bacteria were washed using PBS and 

centrifuged at 250 x g for 15 minutes, opsonized twice with 400 pi\ guinea pig complement 

at room temperature using an orbital shaker at 150 rpm for 30 minutes. After each 

opsonization, the bacteria were washed again using PBS. After the final wash with PBS, 

the bacterial culture was suspended in 10 ml PBS then diluted to concentration using 

complete DMEM without gentamicin. 

Microscopic Assay 

The procedure employed was similar to that described by Lian, Hwang, and Pai 

(1987). M0's were collected from mice and suspended in DMEM as above. The cell 

number was adjusted to 5 x 10^ cells/ml then 100 /iladded to each well of a 16 well tissue 

culture chamber slide (Nunc Inc., Naperville, IL). The cells were allowed to attach for 2 

hours at 37''C under 5% CO2. Following attachment, cultures were washed with 200 //I to 

remove non-adherent cells. E. Coli, suspended in complete DMEM without gentimicin 

was incubated with resident cells for 30 minutes and 15 minutes with TG (TG) cells at a 

ratio of 10 bacteria per M0. After incubation, M0's were stained for 1 minute with acridine 

orange (0.1 mg/ml) then counter-stained using crystal violet for 1 minute (1 mg/ml) to 

conceal extracellular bacteria. The slides were then evaluated using four replicate counts of 
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100 M0's per well using fluorescence microscopy. Bacteria which fluoresced green were 

scored as live and those that fluoresced red or orange were scored as dead. To assist in the 

microscopic evaluation, control wells for both living and dead bacteria were used on each 

16 well slide. 

Plating Phagocytosis Assay 

The procedure used was modified from Straus, Lonon, and Hutson, (1992). M0's 

were collected and suspended in DMEM without serum and the cell number adjusted to 5 x 

10̂  cells/ml and 100 //I was added to each well of a Costar % well tissue culture cluster. 

The cells were allowed to attach for 2 hours at 37°C under 5% CO2. Following attachment, 

cultures were washed with 200 pi\ to remove non-adherent cells. E. Coli, suspended in 

DMEM with out gentamicin containing 10% FBS was added to the M0's at a ratio of 10 

bacteria per M0 and incubated 30 minutes at 37°C under 5% CO2. After incubation, 

supematants were removed and a plate count was performed by diluting 10"* in PBS and 

then spreading the supematants onto TSA. Bacterial colonies were counted and numbers 

survived indicated the relative amount of phagocytosis. 

Tumor Necrosis Factor 

Preparation of Supematants 

Peritoneal macrophages were removed from mice, adjusted to 1 x 10̂  cells/ml in 

DMEM without FBS, and 100jA cultured in Costar % well tissue culture clusters as 

described previously. Cells were then washed with 200 //I complete DMEM to remove 

non-adherent cells. Macrophages were exposed to cocaine by either by i.p. injection (in 

vivo) or in Costar 96 well tissue culture clusters (in vitro). M0's were then exposed to 

lipopolysaccharide (LPS) (Sigma, St. Louis, MO), horseradish peroxidase (HRP) 
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(Sigma), or deactivated horseradish peroxidase (DHRP)) (Sigma), After a 6 hour 

incubation TNF titers were measured. 

Assay for Tumor Necrosis Factor 

The method of Morgan etal (1991) was used to measure TNF titers. WEHI 164 

fibrosarcoma cells were added to PRIMARIA® 96-Well flat-bottomed microtiter plates 

(Baxter Scientific, Grand Prarie, TX) at a concentration of 2 x 10̂  cells/ml in 100 //I of 

complete RPMI. These cells were incubated 6 hours at 37''C under 5% CO2 to allow the 

cells to adhere. M0 supematants from cultures exposed to cocaine, were diluted two-fold 

across the plate by serial transfer of 100 pi\ of samples mixed in the wells. Control wells 

received fresh complete RPMI or a TNF standard. Actinomycin D was added to all wells at 

a concentration of l-2//g/ml in 100//I to inhibit target cell replication and to ensure 

maximum target cell sensitivity. 

After the plates were incubated an additional 18 hours at 37°C under 5% COj, the 

WEHI 164 fibrosarcoma cells were stained with neutral red dye (NRD) (Sigma) as 

described by Ruff and Gifford (1981). NRD was prepared at a concentration of 0.033 g 

per 100 ml in 6.7 mM phosphate buffer at pH 7.4 containing 100 mM NaCl. The solution 

was filtered using a double thickness of Whatman filter paper No. 1 and added to all wells 

resulting in a final volume of 275 //I. The plates were then incubated for 1 hour at 37''C 

under 5% CO2 for a total incubation time of 19 hours. The cell monolayers were gently 

washed twice using 200 //I of warm PBS. NRD absorbed by target cells was extracted by 

the addition of 100//I of 50% absolute ethanol in 100 mM dibasic sodium phosphate 

followed by forceful mixing by repetitive pipeting. The absorbance at 550 nm was 

measured in each well then used to calculate the percentage of cytotoxicity attributed to 

TNF using the following formula. The equation y = mlog(x) + b were solved where y = 

the theoretical 50% cytotoxicity point and log(x) = the reciprocal of the corresponding 
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dilutions and b is a corrective factor for optical density. Then 50% of the average optical 

density was substituted for y and the TNF titer was calculated by solving for x and 

expressed as units/100//1. 

Statistical Analysis of Experimental Results 

The arithmetic average (mean), the standard deviation (a), and the standard error of 

the mean (SEM) were calculated as descriptive statistics for each set of replicate in each 

experiment. Where appropriate, comparisons between the experimental means were made 

with student's t-test for paired and unpaired observations. Significant differences were 

denoted as p ^ 0.05. 
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CHAPTER III 

RESULTS 

Cytotoxicity Studies 

In order to property assess the effects of cocaine on murine peritoneal M0's, its 

level of cytotoxicity was determined. Varying concentrations of cocaine were incubated 

with either resident or TG cells for 24 hours (Figure 1 and Figure 2). TG-M0's were less 

sensitive to cocaine than resident M0's which did not exhibit a significant alteration in 

morphology with cocaine concentrations as high as 0.75 mg/ml (dead p < 0.4557, rounded 

p < 0.4090, spread p < 0.2495). Figure 1 shows that, without cocaine, cultured TG-M0 

populations consisted principally of spread cells (69.8%) followed by trypan blue staining 

dead cells (20.8%) with the smallest category being rounded cells (9.4%). However, as 

stated above, upon addition of 1.5 mg/ml cocaine, the population distribution changed 

significantly. The majority of the cells (40.4%) were dead, with approximately equal 

numbers of both rounded (30.2%) and spread cells (29.4%). 

In contrast to TG-M0's, resident cells were approximately twice as sensitive to 

cocaine and did display a significant alteration in population morphology at 0.75 mg/ml 

(dead p < 0.0087, rounded p < 0.0082, spread p <. 0.0424). Figure 2 illustrates that 

control populations consist of primarily a mixture of dead (37.7%) and rounded (39.5%) 

cells with the remaining cells spread (23.0%). This information confirms that resident cells 

are less durable than TG cells. With the addition of as littie as 0.188 mg/ml cocaine, the 

number of dead cells increased with both rounded and spread cells decreasing at similar 

rates. However, this trend was not significant until the concentration of 0.75 mg/ml was 

reached. 

21 



100% 

0.5 1 1.5 2 2.5 

Cocaine Concentration in mg/ml 

Dead Cells 

Rounded Cells 

Spread Cells 

100% 

Dead Cells 

H Rounded Cells 

• Spread Cells 

Cocaine Concentraton in mg/ml 

Figure 1. Population Distribution of Thioglycollate-Induced Macrophages 
Exposed to Cocaine. Thioglycollate-induced peritoneal macrophages were 
harvested and cultured 24 hours with control media, 0.75mg/ml, l.5mg/ml, or 
3.0mg/ml cocaine and stained for viability using 0.4% trypan blue. 
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Figure 2. Population Distribution of Resident Macrophages Exposed to Cocaine. 
Resident peritoneal M0 were harvested and cultured 24 hours with control media, 
0.19mg/ml, 0.38mg/ml, 0.75mg/ml, 1.5mg/ml, or 3.0mg/ml cocaine and stained 
for viability using 0.4% trypan blue. 
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Effects of Cocaine on Phagocytosis 

Phagocytosis was measured in vitro using both a TSA agar plating assay and an 

acridine orange flourescent microscopic assay as described previously. TG-M0's were 

examined using both of these methods while resident cells were only studied using the 

acridine orange method. Resident M0's were not tested using the plating assay because the 

lower activation state of resident cells prevented the quantity of bacteria removed from 

supematants to be detected consistantly. 

Phagocytosis of Thioglycollate-Induced Macrophages 

TG-M0's were examined using both the plating and microscopic assays with 

contrasting results. The plating assay demonstrated a significant dose and time response to 

in vitro exposure to cocaine (Figure 3). Figure 3 illustrates that as the concentration of 

cocaine increased from 31 ;<g/ml to 125 pig/ml so did the amount of E. Coli removed from 

the supematants by TG-M0's. Of particular note, was that both the 24 hr and 48 hr 125 

//g/ml cocaine treatments demonstrated approximately 52% phagocytosis. However, the 

microscopic assay did not detect differences between controls and cocaine treated cells in 

percent phagocytosis or percent killing (Tables 1 and 2). 

Phagocytosis of Resident Macrophages 

Resident M0's were tested for their ability to phagocytize using the acridine orange 

method. Cocaine treated resident M0's displayed no significant differences in percent 

phagocytosis or percent killing when compared with resident M0's treated with media 

(Tables 3 and 4). 
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Figure 3. Effect of Cocaine on Phagocytosis of Thioglycollate-Induced 
Macrophages Using aPlating Assay. Mice were injected with 1 ml thioglycol ate 
broth i p. Four days later, peritoneal macrophages were harvested and incubated 
with either control media or media contaimng 31 ;^g/ml, 63 /ig/ml, or 125 A<g/ml 
cocaine After 24 or 48 hours incubation, M0's were washed and exposed to h. 
coli and supematants were cultured to determine extent of phagocytosis. 
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Table 1. Effect of Cocaine on Phagocytosis by Thioglycollate-Induced Macrophages 
Measured via Acridine Orange Fluorescent Microscopy In Vitro." 

Treatment Incubation Time % Phagocytosis Significance 
Control 3 hours 35.2 ±1.1 

Cocaine 125/<g/ml 3 hours 36.2 ±2.1 p < 0.6480 

Control 24 hours 32.5 ± 2.2 

Cocaine 125//g/ml 24 hours 36.3 ±2.6 p < 0.2737 

Control 48 hours 48.7 ± 4.7 

Cocaine 125//g/ml 48 hours 42.2 ±3.6 p < 0.2942 

^Mice were injected with 1 ml Thioglycollate broth i.p. Four days later, peritoneal 
Macrophages (M0) were harvested and incubated with either control media or media 
containing 125 /ig/ml cocaine. After 3, 24, or 48 hours incubation, M0's were washed and 
exposed to and examined for percent phagocytosis using acridine orange fluorescent 
microscopy. 

Table 2. Effect of Cocaine on Percent Killing by Thioglycollate-Induced Macrophages.^ 

Treatment Incubation Time % Killing Significance 
Control 3 hours 78.3 ± 4.0 
Cocaine 125/<g/ml 3 hours 77.5 ±7.7 p < 0.9226 

Control 24 hours 84.6 ± 4.6 

Cocaine 125 // g/ml 24 hours 93.9 ± 1.8 p < 0.0667 
Control 48 hours 100 
Cocaine 125//g/ml 48 hours 100 p < 1.0000 

^Mice were injected with 1 ml Thioglycollate broth i.p. Four days later, peritoneal M0's 
were harvested and incubated with either control media or media containing 125//g/ml 
cocaine. After 3, 24, or 48 hours incubation, M0's were washed and examined for percent 
killing using fluorescent microscopy. 
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Table 3. Effect of Cocaine on Phagocytosis by Resident Macrophages Measured via 
Acridine Orange Fluorescent Microscopy.^ 

Treatment Incubation Time % Phagocytosis Sipnificance 
Control 3 hours 16.4 ±1.4 

Cocaine 125;/g/ml 3 hours 17.9 ± 0.8 p < 0.3979 

Control 24 hours 16.4 ±1.4 

Cocaine 125//g/ml 24 hours 19.2 ±1.3 p < 0.3979 

Control 48 hours 16.4 ±1.4 

Cocaine 125//g/ml 48 hours 19.1 ±1.0 p < 0.1442 

Teritoneal macrophages (M0) were harvested and incubated with either control media or 
media contaimng 125 //g/ml cocaine. After 3,24, or 48 hours incubation, M0's were 
washed and examined for percent phagocytosis using acridine orange fluorescent 
microscopy. 

Table 4. Effect of Cocaine on Percent Killing by Resident Macrophages (M0).' 

Treatment 
Control 

Cocaine 125//g/ml 

Control 

Cocaine 125//g/ml 

Control 

Cocaine 125//g/ml 

Incubation Time 
3 hours 

3 hours 

24 hours 

24 hours 

48 hours 

48 hours 

% Killing 
43.7 ± 3.7 

52.4 ±3.3 

43.7 ± 3.7 

45.2 ± 5.4 

43.7 ± 3.7 

45.8 ±3.7 

Significance 

p < 0.1013 

p ^ 0.8252 

p < 0.6937 

^Peritoneal M0's were harvested and incubated with either control media or media 
containing 125 //g/ml cocaine. After 3,24, or 48 hours incubation, M0's were washed and 
examined for percent killing using acridine orange fluorescent microscopy. 
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Effect of Corainf^ nn Tumor Necrosis Factor Indurfion 

Studies were perf'ormed employing three types of inducers, LPS, HRP, and DHRP 

to induce TNF in supematants of both resident and thioglycolate-induced M0's. Resident 

studies were performed in vitro as well as in vivo and TG-M0's were studied in vitro. TG 

cells could not be studied in vivo because the mice were previously injected with 

thioglycollate broth which would confuse whether or not the results were due to the cocaine 

or the thioglycollate injection. In addition, in vitro studies were performed by incubating 

the M0's with cocaine: (1) prior to induction, (2) during induction, or (3) both. 

Lipopolysaccharide (LPS) studies 

The effect of cocaine on TNF induction by LPS was measured using both in vivo 

and in vitro studies. For the in vivo studies, treatment animals were injected i.p. with 2.5 

mg/kg cocaine in PBS and control animals were injected with PBS alone. M0's were 

harvested 1,3, and 24 hours after injection. The harvested M0's were allowed to attach to 

96 well plates, as described previously, and exposed to LPS for 6 hours then assayed for 

TNF using WEHI 164 fibrosarcoma cells. With respect to TNF production the cocaine 

treated animals were not significantiy different from the controls (Table 5). The in vitro 

experiments were performed by harvesting resident and TG-M0's from mice. After 

attachment in 96 well plates, as described previously, M0's were incubated with 125//g ml 

cocaine for 3, 6, 24, and 48 hours prior to induction. This concentration was chosen 

because it is well below the concentrations that altered M0 morphology in vitro (Figure 1 

and Figure 2). Again, as with the resident in vivo study, there was no significant 

difference between the cocaine exposed M0's and the controls (Table 6). 
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Table 5. Effect of Cocaine on Induction of Tumor Necrosis Factor (TNF) by Resident 
Macrophages (M0) Exposed to Lipopolysaccharide (LPS) In Vivo." 

Treatment 

Control 

Cocaine 2.5 mg/kg 

Control 

Cocaine 2.5 mg/kg 

Control 

Cocaine 2.5 mg/kg 

Time after injection 

1 hour 

1 hour 

3 hours 

3 hours 

24 hours 

24 hours 

TNF Titer ± SEM 

95.3 ± 6.30 

97.4 ± 15.0 

149.6 ± 21.1 

141.6 ±21.2 

433.1 ± 42.8 

465.6 ± 73.4 

Significance 

p < 0.938 

p < 0.795 

p<0.71l 

^Mice were injected with 2.5 mg/kg cocaine 1,3, or 24 hours before peritoneal M0's were 
harvested, allowed to attach, and exposed to 500 ng/ml LPS. Six hours later, supematants 
were harvested and assayed for TNF using WEHI 164 fibrosarcoma cells. 

Table 6. Effect of Cocaine on Induction of Tumor Necrosis Factor (TNF) by 
Thioglycollate-induced Macrophages (TG-M0) Exposed to Lipopolysaccharide (LPS).* 

Treatment 

Control 

Cocaine 125//g/ml 

Control 

Cocaine 125//g/ml 

Control 

Cocaine 125//g/ml 

Control 

Cocaine 125//g/ml 

Incubation Time 

3 hours 

3 hours 

6 hours 

6 hours 

24 hours 

24 hours 

48 hours 

48 hours 

TNF Titer ± SEM 

258.0 ± 8.0 

158.4 ± 27.9 

233.6 ±52.1 

246.9 ± 40.9 

481.6 ± 62.9 
493.3 ± 43.7 

134.7 ± 15.0 

140.7 ± 29.4 

Significance 

p ^ 0.072 

p < 0.871 

p < 0.883 

p < 0.864 

'Mice were injected with 1 ml thioglycollate broth i.p. Four days later, peritoneal TG-M0's 
were harvested and incubated with either control media or media containing 125 //g/ml 
cocaine. After 3, 6, 24, or 48 hours incubation, TG-M0's were washed and exposed to 10 
ng LPS. Six hours later, supematants were harvested and assayed for TNF using WEHI 
164 fibrosarcoma cells. 
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Horseradish Peroxidase (FIRP) Studies 

In an effort to determine if cocaine affected TNF induction, peritoneal macrophages 

were cultured with 125 //g/ml cocaine for 3, 24, and 48 hours prior to induction. After the 

incubation period, M0's were exposed to 50 units/ml HRP and assayed for TNF as 

described previously (Table 7). From examining Table 7, one can see that cocaine had no 

effect on TNF induction when M0's were incubated with cocaine prior to induction only. 

However, when the supematants were not removed from the M0's and additional cocaine 

was added along with the HRP, a significant reduction in TNF secretion was observed 

(Figure 4). Figure 4 shows that 31 //g/ml, 63 //g/ml, 125 //g/ml cocaine reduced TNF 

titers to 19.9 ± 1.6 (p < 0.0001), 22.4 ± 1.8 (p < 0.0008), and 27.8 ± 2.5 (p < 0.0117), 

respectively, when compared to M0's not incubated with cocaine (40.4 ± 1.6). 

Deactivated Horseradish Peroxidase (DHRP) Studies 

To understand the role of enzymatic factors that may have interfered with the HRP 

studies, DHRP was tested in addition to HRP. However, the enymatic activities of FIRP 

were not problematic in TNF induction when supematants were removed prior to 

stimulation (Table 7). In contrast to the results obtained by removing supematants, M0 

cultures with undisturbed supematants incubated and induced with cocaine displayed a 

significant reduction in TNF production (Figure 5). Figure 5 demonstrates that when the 

supematants were retained during TNF induction, titers were dramatically reduced from the 

control value of 96.5 ± 8.3 units to 17.8 ± 2.8, 13.7 ± 0.9, 21.9 ± 0.8 units in the 

31//g/ml, 63//g/ml, and 125//g/ml treatments, respectively. 
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Table 7. Effect of Cocaine on Induction of Tumor Necrosis Factor (TNF) by 
Thioglycollate-Induced Macrophages (TG-M0) Exposed to Horseradish Peroxidase (HRP) 
In Vitro. 

Treatment 

Control 

Cocaine 125//g/ml 

Control 

Cocaine 125 //g/ml 

Control 

Cocaine 125//g/ml 

Incubation Time 

3 hours 

3 hours 

24 hours 

24 hours 

48 hours 

48 hours 

TNF Titer ±SHM 

88.0 ± 18.0 

128.6 ± 0.9 

57.1 ± 9.3 

69.4 ± 26.6 

109.8 ±41.3 

88.8 ± 18.4 

Significance 

p ^ 0.093 

p < 0.684 

p ^ 0.667 

'Mice were injected with 1 ml Thioglycollate broth i.p. Four days later, peritoneal TG-
M0's were harvested and exposed to either control media or media containing 125 //g/ml 
cocaine. After 3, 24, or 48 hours incubation, TG-M0's were washed and exposed to 50 
units HRP. Six hours later, supematants were harvested and assayed for TNF using 
WEHI 164 fibrosarcoma cells. 

Table 8. Effect of Cocaine on Induction of Tumor Necrosis Factor (TNF) by 
Thioglycollate-Induced Macrophages (TG-M0) Exposed to Deactivated Horseradish 
Peroxidase (DHRP) In Vitro." 

Treatment 

Control 

Cocaine 125//g/ml 

Control 

Cocaine 125 //g/ml 

Control 

Cocaine 125//g/ml 

Incubation Time 

3 hours 

3 hours 

24 hours 

24 hours 

48 hours 

48 hours 

TNF Titer ± SEM 

263.0 ± 25.6 

324.5 ± 13.3 

179.6 ± 39.3 

157.5 ± 17.4 

343.9 ± 45.8 

297.0 ± 28.6 

Significance 

p < 0.523 

p < 0.684 

p < 0.591 

'Mice were injected with 1 ml thioglycollate broth i.p. Four days later, peritoneal TG-M0's 
were harvested and exposed to either control media or media containing 125 //g/ml cocaine. 
After 3, 24, or 48 hours incubation, TG-M0's were washed and exposed to 5 units DHRP. 
Six hours later, supematants were harvested and assayed for TNF using WEHI 164 cells. 
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Figure 4. Effect of Cocaine on Induction of Tumor Necrosis Factor by Macrophages 
Exposed to Horseradish Peroxidase Mice were injected with 1ml thioglycollate 
broth i.p. Four days later, peritoneal M0's were harvested and incubated with either 
control media or media containing 31, 63, or 125 //g/ml cocaine. After 48 hour 
incubation, M0's exposed to 5u HRP with cocaine. Six hours later, supematants 
were harvested and assayed for TNF using WEHI 164 cells. 
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Figure 5. Effect of Cocaine on Induction of Tumor Necrosis Factor by Macrophages 
Exposed to Deactivated Horseradish Peroxidase Mice were injected with 1ml 
thioglycollate broth i.p. Four days later, peritoneal M0's were harvested and 
incubated with either control media or media containing 31, 63, or 125 //g/ml 
cocaine. After 48 hour incubation, M0's exposed to 0.5u DHRP with cocaine. Six 
hours later, supematants were harvested and assayed for TNF using WEHI 164 
cells. 
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CHAPTER IV 

DISCUSSION 

The purpose of this study was to ascertain if in vitro exposure of M0's to cocaine 

will modulate certain M0 functions. In an organism, M0's are bathed in a multitude of 

cofactors, cytokines, hormones and other regulatory factors that are secreted by other cells 

in an extremely complex network (van Furth, 1994). In addition, in v/vo certain cocaine 

metabolites, benzoyleconine, ecgonine methyl ester, and ecgonine are made but may not be 

synthesized in vitro (Roth et al, 1992). An in vitro design isolates the M0's from certain 

regulatory effects creating a much altered picture of M0 parameters that never tmly match in 

vivo studies (van Furth, 1994). At the same time, only direct exposure of M0's to cocaine 

will determine the effects of cocaine itself and not metabolic intermediates. 

Previous studies by this lab have demonstrated that in vivo exposure to cocaine 

caused an upregulation of the respiratory burst (RB) which correlates with reactive oxygen 

intermediates (ROI) as well as phagocytosis (Vaz, 1994). Recent studies published after 

the initiation of the present study by Wang, Huang, and Watson, (1994) suggested that 

these results were due to increased levels of "stress hormones" such as prostaglandin E. In 

Contrast, Chao, etal (1991) proposed that TGF-p was involved in the reduction of 

superoxide production which conflicted directiy with the results of Vaz (1994) using an in 

vivo methodology. Because both prostaglandin E and TGF-p are secreted by M0's they 

could be present in an in vitro setting and would affect results. 

A important preliminary goal of this study was to determine the concentration of 

cocaine that could affect M0's without being toxic. This was necessary to insure that 

observed alterations in M0 function were not merely due to direct cocaine toxicity. It was 

noted that TG-M0's were less sensitive to cocaine than resident M0's. After completion of 
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these studies 125//g/ml, which was considerably below the toxic level, was utilized as a 

working concentration. This concentration is much greater than concentrations that would 

be observed in cocaine users and even greater than in "binge users." However, mice used 

are much less sensitive to dmgs in general. Furthermore, others have used 200-400 //g/ml 

of cocaine to show an inhibition of blastogenesis in human lymphocytes (Klein, Newton, 

and Friedman, 1988). 

Effect of Cocaine on Phagocytosis 

Phagocytosis is one of the most important components of the host defense system 

against invading microorgansisms once the outer epithelial surface of the body has been 

reached. M0's are strategically placed to defend the body against invading pathogens. 

Optimal phagocytosis requires the participation of opsonins such as semm complement and 

immunoglobulin. In antiserum, IgG is the main opsonic source which can be amplified by 

complement which is activated mostiy through the classical pathway. In non-immune 

semm, the altemate pathway of complement is activated by bacterial cell wall components, 

such as endotoxin and peptidoglycan without the influence of IgG. During activation of 

complement, C3b, C3bi, and C3d are produced and attach to the cell wall of particle. Only 

when the target is fully coated with opsonins, does recognition by the phagocytic cell occur 

followed by phagocytosis. The present study used guinea pig complement as the principal 

opsonin. Because this "opsonin" was not purified, it contains immunogobulins in addition 

to complement. Thus, both complement and immunoglobulins were involved in 

phagocytosis in this study. Microorganisms, unlike other large particles which require a 

second signal, are efficientiy ingested in the presence of complement alone. In the case of 

unencapsulated bacteria coated with complement only, the extra stimulus is provided by the 

cell wall component LPS. 
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The respiratory burst (RB) measures an increase in superoxide and other reactive 

oxygen intermediates (ROI) in response to a stimulus. The capacity to generate increased 

levels of ROI is a consistant indicator of metabolism of glucose via the hexose 

monosphosphate shunt with concurrent increased oxygen consumption. This respiratory 

burst results in alterations in activity of the membrane-bound oxidase complex and the 

reduction of molecular oxygen to superoxide (Allen, 1982). Superoxide thus generated is 

rapidly converted to hydrogen peroxide and hydroxyl radicals, which provide an important 

microbicidal oxidative activity as part of the cytotoxic triad of myeloperoxidase, halide 

ions, and oxidative radicals. 

The present study attempted to diseem if exposure to cocaine in vitro would alter 

phagocytosis an in vitro. Results obtained by phagocytosis using a plating assay did 

indeed parallel previous in vitro studies. Both the in vitro plating assay and the in vitro 

zymosan microscopic assay as used by Vaz (1994) displayed an increase in phagocytosis. 

The plating assay used in the present studies measured the removal of bacteria from M0 

culture supematants which includes intemal and external bacteriocidal activity, whereas the 

zymosan assay measured only uptake of zymosan particles microscopically. Another 

difference between these two procedures was that Vaz exposed the M0's to cocaine in vivo 

and, after an incubation period, removed the peritoneal M0's and completed the zymosan 

assay in vitro. In the present study, M0's were exposed to cocaine and then later assayed 

using media that contained the cocaine conditioned supematants. 

However, the acridine orange bacterial microscopic assay also used in the present 

studies, did not affect phagocytosis by cocaine treated M0's when compared to control 

cultures. Several factors may have been involved in this discrepancy. The staining of the 

bacteria was highly variable. The outermost edges of the well and the slide stained 

unpredictably, presumably due to exposure to oxygen in the atmosphere. Furthermore, the 

classification of live versus dead bacteria, as well as percent phagocytosis, were highly 
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subjective and entirely dependent upon the location of the M0 within the well. Only very 

large differences in phagocytosis could be measured accurately using this assay. In 

contrast, the plating assay was much less subjective and less likely to produce biased 

results. This plating procedure allowed the determination of the precise number of bacteria 

(colonies) per milliliter. In addition, the plating assay measured phagocytosis during a 30 

minute time period whereas the microscopic assay only measured phagocytosis for 15 

minutes in an effort to determine bactericidal activity by the TG-M0, since these M0's 

caused a very rapid killing of bacteria. This difference in time period may have prevented 

observation of any alteration of the RB, which peaks between 14 to 18 minutes, when 

using the microscopic method. A longer time period may have allowed activation of the 

RB resulting in the detection of any alteration in function. 

The FcyRIII receptor has been demonstrated to increase by culturing M0's while 

FcyRI and FcyRII receptors have been shown to decrease in culture, suggesting that 

FcyRIII is the primary receptor in Fc-mediated phagocytosis in vitro (Clarkson and Ory, 

1988). Cocaine causes an increase in TGF-p which further increases the number of 

FcyRIII receptors on the surface of the M0 (Wahl et al, 1990). In addition, expression of 

Mac- 1(CD1 lb/CD 18), which recognizes complement component 3,was also shown to be 

up regulated (Vaz, 1994). An increase in these receptors may increase binding of 

opsonized bacteria and therefore the rate and efficiency of phagocytosis in vitro. Thus, 

explaining the increase in phagocytosis in vitro despite the reduction in the respiratory burst 

caused by TGF-P (Tsunawaki etal, 1988). 
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Effect of Cocaine nn Induction of Tumor Necrosis Factor 

TNF production was also measured along with phagocytosis. The classical inducer 

of TNF is LPS which binds to the M0 at multiple sites including Mac-1 molecule (CD-I lb/ 

CD-18), and CD-14 (Mosser, 1994). However, LPS has been demonstrated to be a slow 

inducer of the ROI. In order to overcome this obstacle, other inducers that bind the 

mannose-fucose receptor (MFR) such as HRP and DHRP were tested. HRP has been 

shown to quickly initiate the RB (Lefkowitz et al, 1988) and demonstrated a reduction in 

TNF induction when exposed to cocaine (Figure 4). In addition, TNF stimulated by 

DHRP, which does not induce the RB, was also inhibited (Figure 5). However, cocaine 

altered TNF production only when present during the induction period. When cocaine was 

not present during induction, no effect was observed. In a study by Flick and Gifford 

(1986), LPS was removed from supematants of M0's and the yield of TNF was reduced. 

In contrast to the HRP study, TNF induced by LPS, which does not rapidly induce ROI, 

was not reduced. Thus, the increased levels of ROI may be involved in the mechanism of 

alteration of TNF induction by HRP but not LPS or DHRP. The mechanism involved in 

the reduction of TNF by DHRP could be explained by the slight down regulation of the 

MMR by cocaine (Vaz, 1994). 

Cocaine has been shown to have contrasting effects on the RB depending upon the 

experimental design. Studies performed by exposure to cocaine in vivo followed by 

removal and isolation of macrophages consistantiy demonstrated an increase in the RB and 

phagocytosis using both acute and chronic injection schedules of cocaine (Cain, 1994; Vaz, 

1994). Vaz demonstrated an increase in the RB via luminol dependent chemiluminescence 

after i.p. injections of either cocaine or certain cocaine metabolites. These effects have been 

demonstrated to be primarily due to elevated opioid peptides such as p-endorphin (Peterson 
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etal, 1987; Sharp etal, 1985). Cocaine causes an elevation in plasma p-endorphin levels 

after in vivo exposure to cocaine. Subsequently, p-endorphins then cause an increase in 

superoxide production when examined using uncultured peritoneal M0's derived from 

peritoneal dialysis patients (Forman and Estilow, 1988; Sharp etal, 1985;). However, 

when peripheral blood monocytes were cultured in vitro with p-endorphin for 48 hrs, a 

reduction in the RB was established (Peterson et al, 1987). In contrast, utilizing an in 

vitro design, reductions in O2 in peripheral blood monocytes due to cocaine exposure have 

been shown to be mediated by TGF-p (Chao etal, 1991). Thus, in vivo opioid peptides 

have been shown to stimulate the RB but inhibit the RB after cells have been cultured in 

vitro. However, p-endorphins are not present after in vitro exposure to cocaine giving 

more credence to the TGF-p hypothesis of Chao and his colleagues. Therefore, any 

mechanism that involves ROI for TNF induction, such as those inducers that activate the 

M0 via the mannose-fucose receptor, displayed a reduction in TNF production because of 

reduced RB due to TGF-p. 

In summary, cocaine appears to alter a number of specific cellular functions in 

vitro. These studies confirm this hypothesis, particularly in relation to phagocytosis and 

TNF induction. The present studies clearly show that cocaine affects phagocytosis and 

cytokine production which translates into possible impairment of non-specific immune 

responses. 
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CHAPTER V 

CONCLUSIONS 

Exposure of murine peritoneal macrophages to cocaine in vitro resulted in the 

alteration of certain macrophage functions. They can be sumarized as follows: 

1. Resident macrophages are more sensitive to cocaine and exibited more 

toxicity than thioglycollate-induced macrophages. 

2. Phagocytosis of opsonized E.coli was increased by macrophages 

exposed to cocaine when assayed using a culturing and plating 

assay. 

3. Phagocytosis and killing of E. coli by macrophages was not enhanced 

by cocaine when assayed using a fluorescence staining microscopic 

assay. 

4. Cocaine exposure of macrophages caused an inhibition of tumor 

necrosis factor following induction by either horseradish peroxidase 

or deactivated horseradish peroxidase but not lipopolysaccharide. 
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