
Dietary ethanol modulates immune responses,
and alter resistance to Streptococcus

pneumoniae in LP-BM5 retrovirus infected mice.

Item Type text; Dissertation-Reproduction (electronic)

Authors Shahbazian, Lotfollah Masoud.

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:57:36

Link to Item http://hdl.handle.net/10150/186594

http://hdl.handle.net/10150/186594


INFORMATION TO USERS 

This manuscript has been reproduced from the microfilm master. UMI 

films the text directly from the original or copy submitted. Thus, some 

thesis and dissertation copies are in typewriter face, while others may 

be from any type of computer printer. 

The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality 

illustrations and photographs, print bleed through, substandard margins, 

and improper alignment can adversely affect reproduction. 

In the unlikely. event that the author did not send UMI a complete 

manuscript and there are missing pages, these will be noted. Also, if 

unauthorized copyright material had to be removed, a note will indicate 

the deletion. 

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, beginning at the upper left-hand corner and 

continuing from left to right in equal sections with small overlaps. Each 

original is also photographed in one exposure and is included in 

reduced form at the back of the book. 

Photographs included in the original manuscript have been reproduced 
xerographically in this copy. Higher quality 6" x 9" black and white 

photographic prints are available for any photographs or illustrations 

appearing in this copy for an additional charge. Contact UMI directly 
to order. 

U·M·I 
University Microfilms International 

A Bell & Howell Information Company 
300 North Zeeb Road. Ann Arbor. MI 48106-1346 USA 

313/761-4700 800/521-0600 





Order Number 9422819 

Dietary ethanol modulates immune responses, and alter 
resistance to Streptococcus pneumoniae in LP-BM5 retrovirus 
infected mice 

Shahbazian, Lotfollah Masoud, Ph.D. 

The University of Arizona, 1993 

V·M·I 
300 N. Zccb Rd. 
Ann Arbor. MI 48106 





DIETARY ETHANOL MODULATES IMMUNE RESPONSES, AND ALTER 
RESISTANCE TO STREPTOCOCCUS PNEUMONIAE IN LP-BM5 RETROVIRUS 

INFECTED MICE 

by 

Lotfollah Masoud Shahbazian 

A Dissertation submitted to the Faculty of the 
Committee on Nutritional Sciences (Graduate) 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 
In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 993 



THE UNIVERSITY OF ARIZONA 
GRADUATE COLLEGE 

2 

As members of the Final Examination Committee, we certify that we have 

read the dissertation prepared by Lotfollah Masoud Shahbazian 

entitled Dietary Ethanol Modulates Immune Responses, and Alter 

Resistance to Streptococcus pneumoniae in LP-BM5 Retrovirus 

Infected r~i ce 

and recommend that it be accepted as fulfilling the dissertation 

requiremenMor the Degree of Doctor of Phi losophy 

~)~Q ! ~~~~"~ 

Charles W. Weber 

Ronald R. Watson 

Date ; 

/Uc 1e/) ,:/1 ~ ((,) 
Date 

tJeJJJ J 7 /11' "$ 
Date } 

Date 

;2 ;Z/l/dy 157 ? 
Date 

Final approval and acceptance of this dissertation is contingent upon 
the candidate's submission of the final copy of the dissertation to the 
Graduate College. 

I hereby certify that I have read this dissertation prepared under my 
direction and recommend that it be accepted as fulfilling the dissertation 

re~y1 -::-;Z_5_/l/t_#_;:_~7_~_ 
Di~sertation Director Date 



3 

STATEMENT BY AUTHOR 

This dissertation has been submitted in partial fulfillment of requirements for 

an advanced degree at The University of Arizona and is deposited in the 

University Library to be made available to borrowers under roles of library. 

Brief quotations from this dissertation are allowable without special 

permission, provided that accurate acknowledgment of source is made. 

Requests for permission for extended quotation from or reproduction of this 

manuscript in whole or in part may be granted by the head of the major 

department or the Dean of the Graduate College when in his or her judgment 

the proposed use of the material is in the interests of scholarship. In all other 

instances, however, permission must be obtained from the author. 



4 

ACKNOWLEDGMENT 

This dissertation is dedicated to great God who helped me throughout my life; 

to my mother Moty Movasagh Saket, for her love and sacrifices; to my lovely 

wife Shahin for her patience and love during a year of our marrage. 

I would like to express my sincere appreciation to my dissertation adviser, Dr. 

Ronald R. Watson, for his personal and professional support during this 

research. I would like to thank Dr. David Earnest, Dr. Ralph Price, Dr. Weber, 

Dr. Charles Gerba, and Dr. Mary Hendrix for their professional guidance, critical 

analysis and encouragement during my dissertation. Also, I appreciate the help 

and cooperation of all the members of our lab. Also, I would like to thank my 

sister Mahnaz, my brother Eleusha, my brother-in-law Reza, my father-in-law 

and my mother-in-law, Mr and Mrs Mahmood Hassani. 



5 

DEDICATION 

This dissertation is dedicated to all of my family: my wife, Shahin; my 

father, Enayatollah Shahbazian; my mother, Mohtram Saket; my brother, 

Eleusha Shahbazian; my sister, Mahnaz Shahbazian-Esmi; my brother-in-law, 

Reza Esmi whose love and expectation have been the major motivation for me 

working toward Ph.D. degree. 



6 

TABLE OF CONTENTS 

Page 

ABSTRACT .................................................... 10-11 

CHAPTER 1: INTRODUCTION ..................................... 12-13 

CHAPTER 2: REVIEW OF LITERATURE ............................. 14-25 

ALCOHOL-NUTRIENT INTEPI\CTION .......................... 14-17 

ALCOHOL-INDUCED IMMUNOMODULATION ...................... 18-20 

INFLUENCE OF AGE IN ALCOHOL IMMUNOSUPPRESION ...... 20 

STREPTOCOCCUS PNEUMONIAE AND PNEUMOCOCCAL 

POLYSACCHARIDE TYPE 3 .... .......... .................... 20-22 

ANIMAL MODEL FOR AIDS I\NfJ IMMUNE RESPONSES ....... 22-25 

ETHANOL'S EFFECT ON AlrY~ ............... ...... .......... 25 

CHAPTER 3: DIET AND ETHANOL r.10DULATE IMMUNE RESPONSES 

IN YOUNG C57BL/6 MiCE.......... ............ ..... 26-33 

INTRODUCTION .. .... .......... ...... ............ ......... 26 

MATERIAL AND METHOfJS .. ..... ............. ............... 26-28 

RESULTS ............................ ...... ........ ...... 28-29 

DISCUSSION ............................................. 29-32 

REFERENCES ............................................. 32-33 

CHAPTER 4: SPLENOCYTE POPULI\TIONS IN ALCOHOLIC, MATURE 

C57BL/6 MICE FED DIETS \IIIITH DIFFFRI\IT NUTRITIONAL 



ADEQUACY ................................ i •••••••••••••• 

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

METHODS ............................................... . 

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

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

REFERENCES ............................................ . 

CHAPTER 5: ETHANOL CONSUMPTION AND MURINE ACQUIRED 

IMMUNODEFICIENCY INFLUENCE LIVER, HEART, AND 

MUSCLE LEVELS OF IRON, ZINC, AND COPPER IN 

7 

34-39 

34-35 

35 

35-36 

36-38 

39 

C57BL/6 MICE ............................................ 40-58 

INTRODUCTION ........................................... 41-42 

MATERIAL AND METHODS.................................... 42-44 

RESULTS ................................................ 44-46 

DISCUSSION ............................................. 46-49 

REFERENCES ............................................. 50-54 

CHAPTER 6: MODIFICATION OF RESISTANCE TO STREPTOCOCCUS 

PNEUMONIAE BY DIETARY ETHANOL, IMMUNIZATION, 

AND MURINE RETROVIRAL INFECTION......................... 59-64 

INTRODUCTION ........................................... 59 

MATERIAL AND METHODS ................................... 59-60 

RESULTS ................................................ 60-61 



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

REFERENCES ............................................ . 

CHAPTER 7: INFLUENCE OF THE LEVEL OF DIETARY ETHANOL 

IN MICE WITH MURINE AIDS ON RESISTANCE TO 

8 

61-63 

63-64 

STREPTOCOCCUS PNEUMONIAE................................ 65-72 

INTRODUCTION ........................................... 65-66 

MATERIAL AND METHODS ................................... 66-67 

RESULTS................................................ 67-69 

DISCUSSION ............................................. 69-71 

REFERENCES ............................................. 71-72 

CHAPTER 8: RESISTANCE TO STREPTOCOCCUS PNEUMONIAE SUPPRESSED 

BY MURINE ACQUIRED IMMUNODEFICIENCY, BUT UNCHANGED 

BY CONCOMITANT BINGE ALCOHOL CONSUMPTION ........ 73-91 

INTRODUCTION ........................................... 74-76 

MATERIAL AND METHODS ................................... 76-78 

RESULTS ................................................ 79-80 

DISCUSSION ............................................. 80-84 

REFERENCES ............................................. 85-88 

CHAPTER 9: ETHANOL ALTER ANTIBODY RESPONSE TO PNEUMOCOCCAL 

POLYSACCHARIDE TYPE III, AND OTHER IMMUNOLOGICAL 

CHANGES IN MURINE ACQUIRED IMMUNODEFiCiENCy........ 92-115 



INTRODUCTION ..........••.••...........•..••.•..•....... 

MATERIAL AND METHODS ................................. .. 

RESULTS ......................••......................•• 

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

REFERENCES ........................................•..•. 

CONCLUSiON ........................•...........................•.. 

REFERENCES .....................................................•. 

9 

93-94 

95-99 

100-102 

102-100 

111-115 

116-122 

123-136 



10 

Abstract 

A murine model of acquired immunodeficiency syndrome (AIDS) was 

developed by infecting C578L/6 mice with murine leukemia retrovirus LP-8M5. 

Murine AIDS shares many features with human AIDS. Murine and human AIDS 

cause impairment of cell-mediated and humoral immune responses, and 

increase risk of opportunistic infection such as Streptococcus pneumoniae. 

Cofactors such as ethanol may determine the severity of the retrovirus infection 

and the rate of progression to AIDS. Changes in nutritional status due to 

retrovirus infection or ethanol consumption, can play an important role in 

immunomodulation in the animal. 

Immunomodulation observed in animals with chronic ethanol ingestion 

is associated with age of the animal, the nutritional composition of the diet, 

and the amount of ethanol consumed. Young mice are more sensitive to the 

immunomodulating effects of ethanol and diet than mature mice. The 

percentage of 8 cells in mature mice was significantly increased with 

consumption of nutritionally superoptimal diet containing ethanol while ethanol 

ingestion with a nutritionally inadequate diet severely decreased the percentage 

of 8 ce!ls when compared to control or pair-feeding. Cytokine secretion, and 

natural killer cell and phagocytic activities were modulated by ethanol as well 

as by the nutritional quality of the diet. 

80th retrovirus infection and ethanol consumption affected survival rate 
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after Streptococcus pneumonlae Infection in mice. Chronic ethanol 

consumption, but not retrovirus infection resulted in significant reduction in 

serum level of anti pneumococcal polysaccharide antibody which in 

combination with complement system make up an important part of host 

defense against S. pneumoniae. However, retrovirus infection significantly 

reduced resistance to S. pneumoniae. Retrovirus infected mice fed a diet 

containing a high concentration of ethanol for short term exhibited a greater 

resistance to S. pneumoniae infection than mice fed diets with low 

concentration or no ethanol. S. oneumoniae antigen immunization improved 

survival of the mice infected with S. pneumoniae. 

In conclusion, ethanol and nutritional adequacy of diet induced 

immunomodulation of the host. Ethanol consumption during retroviral infection 

may accelerate the progression of murine AIDS through changes in the 

lymphoid cells and resistance to S. pneumoniae infection. 
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Chapter 1 

I ntrod uction 

The potential role of alcohol and opportunistic infections as cofactors in 

the development and manifestation of AIDS is postulated but undefined. Based 

on this assumption, we hypothesize that the combination of etanol 

consumption, nutritional status, and retrovirus infection modulate immune 

functions and alter resistance to opportunistic infections such as Streptococcus 

pneumoniae.ln orderto test this hypothesis we have studied these three areas: 

1) effects of dietary ethanol and nutrient adequacy of diet on host immune 

responses, 2) effects of dietary ethanol and retrovirus infection on host 

nutritional status, 3) concomitant effects of ethanol consumption and retrovirus 

infection on host resistance to Streptococcus pneumoniae infection. 

Animal models were used because they are easy to control for 

treatments, as we" as being economical and avoiding ethical questions 

associated with human studies. In other reports, the use of animal models was 

advantageous for observing the concomitant effects of ethanol, retroviral 

infection and Streptococcus pneumoniae. LP-BM5 murine leukemia retrovirus 

infection results in suppression of immune responses, and finally death of 

C57BLl6 mice. This is an excellent model for human immunodeficiency virus 

(HIV) since it shares many immunomodulatory features with HIV infection. 
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These features are lymphadenopathy, splenomegaly, hypergammaglobulinemia, 

and severe suppression of humoral and cell-mediated immunity (77). HIV 

infection increases the risk of pneumococcal infections (95). 

Alcohol abuse in United State costs the economy over 60 billion dollars 

a year in the form of accidents, arrests, and health care costs (1). The 

immunosuppression that is associated with chronic alcohol abuse as CJ result of 

the direct effect of ethanol on lymphoid organs or malnutrition caused by 

ethanol consumption (2). Chronic heavy consumption of alcohol increases the 

risk of various cancers and infectious diseases due to reduced immune 

surveillance (2). Evidence collected by using in vitro techniques have shown an 

increase in the production of HIV antigens by lymphocytes obtained from HIV 

infected patients after ethanol consumption (96). 
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Chapter 2 

Literature Review 

I. Alcohol-nutrient interaction: Chronic alcohol abuse is consider to be the major 

cause of malnutrition in developed countries (3,4). Alcoholics frequently 

consume about 60% of the recommended dietary allowance (RDA) for most 

nutrients (5). Alcohol abuse can directly alter nutrient intake by displacing 

nutrients in the diet, or by altering absorption, utilization, storage, and excretion 

of various nutrients (3,6). The replacement of dietary nutrients by alcohol's 

empty calories is a major cause of malnutrition (7). The percent of energy 

derived from protein, fat, and carbohydrate in diet decreases as alcohol intake 

increases (8). Alcoholics from lower socioeconomic group are more likely to 

replace food with alcohol, and are more likely to develop specific nutrient 

deficiency than middle or high class drinkers who add alcohol to a nutritionally 

balanced diet (9). 

Reduction in absorption of nutrients can be the result of surface changes 

in the gastrointestinal (GI) tract (10). Alcohol damage to the intestinal mucosa 

or pancreas can inhibit digestion and absorption of many nutrients at the same 

time as hepatic injury increases the toxic effects of alcohol on liver and diminish 

nutrient storage. Chronic ethanol consumption induces microsomal ethanol 

oxidizing activity of liver which results in increase ethanol metabolism (4). 

Metabolism of large amount of ethanol increases the requirements for 
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pyridoxine, folate, ascorbic acid, thiamine, phosphorus, magnesium, zinc, and 

selenium by about 25% to 100% (7). Alcoholics that receive 24% of their 

calories from alcohol, consume only 75% of RDA for vitamin A (8).Alcoholics 

without cirrhosis excrete large amount of zinc, calcium , magnesium, and 

phosphate in the urine (4). It has been reported that as alcohol intake 

progressively increases, caloric intake and blood concentrations of retinol, iron, 

ferritin, and HDL cholesterol increase while folate and phosphorus intake and 

blood concentration of riboflavin, copper, zinc, and creatinine decrease (11). 

Protein: Chronic alcohol abuse causes protein malnutrition through protein

losing enteropathy (12). Ethanol abuse inhibits albumin synthesis, prevents 

protein release from the liver, impedes gluconeogenesis and interferes with 

vitamin utilization(4, 12). In protein deficient or alcoholic rats, there is a 

significant increase in hepatic iron content which correlates with liver fibrosis 

and lower serum albumin levels (12). 

Vitamin A: Chronic alcohol consumption reduced the absorption rate of vitamin 

A in adult rats (13). Alcoholics with fatty liver have shown reduction in hepatic 

concentration of vitamin A and of water-soluble vitamins (4). Liver vitamin A 

concentration is inversely correlated with alcoholic liver damage (14). Alcohol 

induces hepatic microsomal enzymes for retinol oxidation which promotes 

mobilization and depletion of the hepatic vitamin A (11,14-16). The 

administration of alcohol increases circulating retinol levels and decreases 
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hepatic vitamin A in non-cirrhotic alcoholics (17) and ethanol fed animals (18). 

Vitamin D: Alcoholics have a higher frequency of vitamin D deficiency and 

lower bone mass and calcium levels (10,19,20) than non-alcoholics. The 

reduction in hepatic and renal enzymes or hormones are the result of low blood 

vitamin D levels in alcohol abusers (10). Vitamin D plays an important role in 

glucose metabolism by maintaining insulin levels (21). 

Vitamin E: Chronic ethanol consumption reduces the circulating blood level and 

hepatic storage of vitamin E in both rats (22,23) and humans (24). Ethanol 

enhances degradation of vitamin E and increases hepatic formation of alpha

tocopherol quinone by reaction of free radicals with alpha-tocopherol (25). 

Vitamin E is a major antioxidant in the cellular membrane. It is an important 

defense mechanism against lipid peroxidation by alcohol and drugs (26). 

Vitamins of B-complex group: Thiamine deficiency is prevalent in alcohol 

abusers, although severe deficiency is uncommon in affluent western countries 

(27). Alcoholics have higher risk of thiamine deficiency and lower blood 

thiamine level than non-alcoholics (28,29). Ethanol interrupts active transport 

of thiamine across the intestinal mucosa in vitro and in vivo (30). Riboflavin 

(vitamin 8 2) deficiency commonly occurs in alcohol abusers due to poor dietary 

intake (29,31). Chronic ethanol consumption induces riboflavin deficiency when 

the vitamin intake is marginal (32). In the intestinal mucosa, ethanol inhibits 

pyridoxine kinase that removes phosphate groups from pyridoxine phosphate 
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and produce activated pyridoxine (vitamin 8a). Inhibition of this process by 

ethanol reduces the availability of dietary pyridoxine (33,34). Folate deficiency 

occurs in 20-50% of alcohol abuser (35) and the deficiency is associated with 

anemia in alcoholics (36). Alcohol consumption reduces blood folate levels (37) 

by impeding jejunal uptake of folic acid which in turn causes folic acid 

malabsorption (38,39). 

Minerals: Alcoholics show severe depletion of magnesium which has been 

attributed to reduction in magnesium uptake, malabsorption, and increase in 

urinary excretion of magnesium (40). Hepatic zinc and copper content are 

significantly lower in alcoholic animals. This decrease is more marked in the 

protein deficient ethanol fed mice (12). Low hepatic zinc levels may enhance 

deposition of fibrous tissue in liver. Chronic alcohol use may result in zinc 

deficiency due to inadequate dietary intake, changes in absorption, and 

increased urinary excretion. Plasma zinc level can be reduced to 60% of the 

normal level in chronic alcoholics (10). A low molecular weight zinc binding 

protein called metallothionein does regulate to great extent zinc absorption. 

There is less zinc induced metallothionein and a higher requirement for zinc 

present in the intestine of zinc deficient and alcohol fed animals. Animals fed 

a protein deficient or ethanol containing diets have shown significantly higher 

levels of iron and fat in liver, which in combination with lower level of serum 

albumin, hepatic copper, and hepatic zinc may enhance deposition of fibrous 
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tissue (12). 

II. Alcohol-induced immunomodulation: The host defense system against 

infection is altered due to direct immunotoxic effects of alcohol together with 

alcohol-induced malnutrition (2). The immunosuppression caused by ethanol 

consumption may be the result of direct effects of ethanol on the lymphoid 

organs and/or consequences the reduction in nutritional status of the host due 

to altered absorption, digestion, and storage of nutrients (2,7). Nutrient 

deficiency can adversely effect the immune response (10,42). Defective 

immune function related to a nutritional deficiency can cause or worsen the 

severity of several disease states such as pneumonia (41). Animal and human 

studies have shown that single or multiple nutrient deficiency in the absence 

of alcohol suppress immune responses (42). 

Chronic alcohol consumption results in the loss of spleen and thymus 

weight, a decrease in the number of circulating lymphocytes, a reduction in 

total number of splenocytes by about 22%, impaired antibody responses, and 

reduction in delayed-type hypersensitivity to antigens (43,44). Chronic alcohol 

consumption also significantly reduces the ability of lymphocytes to respond 

to mitogens that induce alpha and gamma interferon by about 60% to 75% 

(43). Chronic alcohol abuse impairs host defense mechanisms by suppressing 

monocyte and macrophage synthesis and release of their cytokines (45). 

Alcoholic patients are highly susceptible to infection, which may relate to a 
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reduced marrow granulocyte reserve (98). Folate and copper deficiency may be 

related to decreased marrow granulocyte reserve in alcoholics (98). Alcohol

induced copper deficient animals demonstrate several alterations in immune 

system function which include: reduced absolute number and relative 

percentage of T-helper (CD4 +) cells, decreased response to T and B cell 

mitogens by splenic lymphocytes, decreased antibody forming cell response, 

increased susceptibility to infection, and decreased microbicidal activity by 

phagocytic cells (46-48). In copper deficient animal a reduction in T-helper 

(CD4 +) cells may explain the reduction of T cell dependent antibody response 

(46-48). The immunohormone prostaglandin E2 is a down regulator of various 

immune responses including: inhibition of T-Iymphocyte proliferation, 

production of cytokines, and cytotoxicity of natural killer cells, macrophages, 

and cytotoxic T-cells (49). It has been suggested that an increase in relative 

percentage of Mac-1 + cells is due to increase in naturally occurring 

macrophage-like suppressor cells during copper deficiency. Early in the course 

of copper deficiency, a decrease of CD4 + T-cells was noted, where as reduction 

in CDa + (suppressor) T-cells was not seen until much later when the thymus 

was reduced, spleen enlarged, and hematocrit decreased (50). 

In alcoholic patients, zinc deficiency results to the impairment of cell

mediated immunity, and higher susceptibility to infection (4,41). Zinc deficiency 

induces thymic and lymph node atrophy that alter thymocyte function, inhibits 
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thymic hormone production, reduces response to tumor cells by cytotoxic T-

cells, impairs T-cell maturation by deoxyribonucleotidyltransferase (DNA 

polymerase contain Zn) reduction, and decreases natural killer cell activity (51). 

Zinc deficient animals have shown reduction in antibody production due to a 

decrease in the number of B-Iymphocytes as well as a defect in their function 

(41,51). 

III. Influence of age in alcohol immunosuppresion: The age of the experimental 

alcoholic animal may be an important factor in modulation of nutritional status 

and the immunotoxic effects of alcohol on spleen weight (44). Ethanol 

ingestion combined with a nutritionally inadequate diet severely decreases the 

percentage of B cells in spleen. Young age and nutritionally inadequate diets 

enhance B cell depletion in alcoholic mice (44). The nutritional adequacy of the 

diet has a major impact on B cell depletion in the spleen of chronically ethanol

fed, in mature mice (44). 

IV. Streptococcus pneumoniae and pneumococcal polysaccharide type 3: 

Streptococcus pneumoniae is gram positive encapsulated diplococcus involved 

in about 70% of bacterial pneumonias. Type III strain of this bacteria can be 

cultured on blood agar plates forming round shining colonies with hemolytic 

zones around them. The polysaccharide capsule protects smooth mucoid 

colonies against phagocytic activity of PMN and tissue macrophages. The 

polysaccharide capsule of pneumococcus is important in bacterial virulence and 
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it is highly immunogenic structure which induces anti-capsular antibodies 

production (97). 

Host defense against pneumococci is dependent on the cooperation of 

humoral and cellular immune mechanisms (97). Efficient phagocytosis and 

subsequent intracellular killing of S. pneumoniae by neutrophils and 

. macrophages depend on the presence of opsonins such as type-specific 

antibodies and complement (52,53,97). The pneumococcal invasion ofthe non

immune host activates alternative complement pathways which cause 

opsonization of bacterial cell surfaces by C3 complement component. This 

triggers a chain of events that lead to reticuloendothelial trapping, 

phagocytosis, and destruction of invading bacteria (53). The liver entraps 

antibody and classical complement pathway activated C3 opsonized bacterial 

cells, while spleen more effectively eliminates bacteria coated with C3 alone 

(54). Complement depletion and splenectomy increase mortality rate after high

dose (> 104) of pneumococcal infection, however the adverse effect of both 

together surpasses the effects of each separately. Complement-depletion of 

splenectomized rats inhibit resistance to pneumococcemia followed by death 

after low-dose (102
) intravascular (iv) injection of pneumococci, while injection 

of such low-dose is essentially harmless to complement-depleted rats with an 

intact spleen (54). 

Host antibody response to the capsular polysaccharide of S. pneumoniae 
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type 3 (SSS-1I1) supplies the essential protective mechanism against virulent 

pneumococci invasion (55-58), and provides an excellent experimental model 

system to study the mechanisms by which antibody responses originate and 

are controlled (59). Type 3 pneumococcal polysaccharide (SSS-III) is a linear 

polymer comprised of glucose and glucuronic acid subunits (60). This antigen 

evokes a good antibody response even in the absence of adjuvant. The 

antibody response is limited to the immunoglobulin class (61-63) and the 

avidity of the antibody produced to SSS-Ill antigen (63). The antibody produced 

against SSS-lil is mostly IgM class. Initiation of an antibody responses to SSS

III does not require T-helper cells (60,61,64), however the extent of the 

antibody response is greatly affected by the regulatory activities of T-helper and 

T-suppressor cells (64). 

V. Animal model for AIDS and immune response: Human immunodeficiency 

virus (HIV) infection over time causes the acquired immune deficiency 

syndrome (AIDS) and over time results in death (65-67). Serological data 

suggested that HIV was present in the 1950's in Africa (68), but the first cases 

of AIDS in Africa were reported in the early 1970's (69). In the United States 

AIDS cases were detected in the late 1970's (70). Homosexual transmission 

in the U.S. and heterosexual transmission in Africa were responsible for the 

initial rapid spread of AIDS (71,72). Now, the incidence of AIDS is spreading 

in the U.S. more rapidly among iv drug abusers and their sexual partners and 



23 

offsprings (73). 

Animal model use in AIDS is very advantageous in order to comprehend 

pathogenesis of retrovirus-induced immune deficiency and to test or acquire 

new therapeutic drugs and vaccines. The infectious agent for AIDS animal 

models are RNA viruses that belong to the family Retroviridae. These viruses 

use the enzyme reverse transcriptase to integrate their genome into the host 

DNA (74). Many retrovirus species share the ability to suppress host immunity. 

The immunosuppressive mechanisms that can potentially cause AIDS-like 

disease include: viral replication which impairs proper function of lymphoid cells 

(75); viral infected host cells release of soluble factors that can cause 

immunosuppression in host (62); immunosuppression can occur as a result of 

damage to infected cells that perform phagocytosis, antigen presenting, and 

other defect in cell-mediated immunity (63); and imbalance in immune 

regulation can overactivate suppressor or helper T cells (76). 

Susceptible strain of mice infected with LP-BM5 murine leukemia virus 

(MuL V) develop a syndrome, termed murine acquired immunodeficiency 

syndrome (MAIDS)(77). MAIDS in adult C57BLl6 mice share similar 

physiological and immunological abnormalities (Table) to patients with early 

stages of AIDS (78,79). This disease in mice is accompanied by B cell 

proliferation, advancing lymphadenopathy, hypergammaglobulinemia, 

splenomegaly, severe suppression of humoral and cellular immunity, and finally 



Table 
Comparison of Changes in Immune Cells and Functions 
Induced by HIV-l Infection in Man and LP-BMS Murine 

Leukemia Infection in Mice. 

Immunological Parameter Presence During Retroviral 
Infection With 

ABNORMALIIIES OF T-LYMPHOCYTES 

T-helper flmctions diminished 

Resistance to opportunistic 
infections and neoplasms reduced 

Numbers of CD4+ cells 
(I-helper) reduced 

Spontaneous proliferation increased 

ABNORMALITIES OF NATURAL KILLER CELLS 

Tumor cell cytotoxicity reduced 

Activity with IL-2 
incubation in vitro increased 

ABNORMALIIIES OF B-CELLS 

Responsiveness to antigens from 
immunization and infection reduced 

Immunoglobulin production increased 

Spontaneous proliferation increased 

ABNORMALIIIES OF MACROPHAGES 

Numbers of activated 
macrophagea decreased' 

Numbers of macrophages reduced 

HIV-l LP-BMS MuLV 

+ + 

+ + 

+ 

+ + 

+ + 

+ + 

+ + 

+ + 

+ 

variable + 

+ + 

Modified in part from review by Watson (7g) 
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death after 16-24 weeks post retrovirus infection (78). Specific cytotoxic T cell 

response (CTL) in mice severely diminishes after 8-10 weeks post infection 

(74). 

Progressive stages of this disease are accompanied by B cell lymphomas 

and enhanced susceptibility to infection (80). The virus replication is originated 

mainly in macrophages but unlike HIV infection CD4 + T cells are not infected 

or decreased in number (77). Retrovirus-induced dysregulation of T and B cells 

results in the appearance of MAIDS which is associated with B cell hyperplasia 

and functional abnormalities in T cells (77). 

VI. Ethanol's effect on AIDS: The potential role of cofactors such as ethanol in 

HIV infection and in the development and expression of AIDS has been 

suggested (76,92), but the role of ethanol in the progression of AIDS is not 

proven. Ethanol exposure in LP-BM5 retrovirus infected mice resulted in 

decrease of lymphoid subsets (92). Ethanol consumption may accelerate the 

progression of murine AIDS through reduction in percentages of CD4 +, CD8+, 

CD5+ cells and an increase in la+ cells (92). 
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Chapter 3 

Diet and Ethanol Modulate Immune Responses 
in Young C57BL/6 Mice 

Bernhard Watzl. Maria Lopez. Masoud Shahbazlan. Guanjie Chen. Lucas L. Colombo. 
Dennis Huang. Dennis Way. and Ronald A. Watson 

Chronic ethanol (ETOII) Ing .. tion advernly affoctl tho Immunocom· 
petence of alcohol abunra. ETOH directly Impalra hoot defonlo 
mllChlnllma and Indirectly modulat., Immunocompetence by Intor· 
fering wllh the nutrttlonal ItstUD of the alcoholic. It II not cloar from 
the currant lIIerature. however, to what ext.nt ETOH, nutrttlonal 
Italul, or the combination of tho two factora modulatel Immune 
mllChanllml In chronic alcohollcD. To date. mOlt animal Itudloa 
Inv'ltigating the Immunotoxlclly of ETOH have neglected tho dietary 
factora, which may have maak.d additional Immunotoxlc affoctl of 
ETOH. To examlna tho •• dietary factora, we fod mice three liquid 
ETOH dletl with different dl.tery lufficlancloa for 7 wltOk. and 
Inve,tlgat.d varioul immune re.pen .... Splaan call number and 
IlICretionD of Immunoreactive Intari.ukln·2 and tumor ollCroalD factor 
w.re totelly Independent of the diet, baing affectod only by ETOH. 
Body, apleen, end thymul welghta, Interfaron..., aocretion, and not· 
ural killer cell and phagocytiC actlvltiel were modulated by ETOH no 
well aa by dloL Natural killer coli and phagocytiC acttvltiOi were .Iao 
dlrectty affected by the nutritlonel qUDlity of the dloL The •• relulll 
luggalt that anlmel dlot. Uled In eXPGrimental Itudlel of ETOH· 
Induced Immunomodulation mUll be planned and controlled carefully 
In order to lingle out the dlract effactl that ETOH haa on the halt 
defan .. IYltem. 

Key Wordl: Ethenol. Nutritional StetUI. Animal Olot .. Immunocom· 
petence, Mice. 

RECENT STUDIES HA VE demonstrated that chronic 
ethanol (ETOH) ingestion adversely affects immu· 

nocompetence and predisposes alcohol abusers to an in
creased risk of infections.' Direct immunotoxic effects of 
ETOH include the impairment of mechanical host defen
ses. granulocytopoiesis. chemotaxis. phagocytosis. and cy
totoxicity. Additionally. alcohol abuse interferes with the 
nutritional status of the user. funher modulating immu
nocompetence.~ Surveys have shown that as many as 75% 
of chronic alcoholics do not consume the recommended 
dailv allowance of vitamins A. C. thiamin. and folic acid.)
• Chronic alcohol abuse also decreases the bioavailabilitv 
of various nutrients.: Consequently. a combination ofth~ 
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direct immullotoxic effects of ETOH and the immuno
suppressive effects of malnutrition result in impaired host 
defenses in chronic alcohol abusers. 

Data about the direct immunotoxic effects of ETOH 
were primarily generated by studies using rats or mice. 
where ETOH is incorporated into a liquid diet.' Liquid 
diets containing ETOH were introduced by lieber-De
Carli (LDlY to study the pathological hepatic conditions 
associated with alcohol abuse. Because of their conven
ience and their success in achieving high blood ethanol 
levels (BEL). they arc now used by many researchers 
interested in any pathological condition associated with 
alcohol abuse. including immunotoxicity.IU-IJ 

Analysis of the composition of the basic LD dietS reveals 
that 35% of the total energy is provided by plant fat 
containing a high percentage of monounsaturated fatty 
acid. The LD diet contains 45 times more vitamin A than 
recommended for the growth of mice by the National 
Research Council. 10 times more vitamin D. 5 times more 
vitamin E. and 6 times more pyridoxine.'4 While a surplus 
of vitamins 2 to 3 times the recommended level may be 
necessary to balance any vitamin losses that might occur 
during preparation and storage of the diet. concentrations 
exceeding 3 times the requirement may obscure experi
mental findings.'! and certainly do lIot accurately reflect 
the nutrient consumption of human alcohol abusers. Liver 
stores of vitamin A. for example. arc depleted by chronic 
alcohol abuse'". which can atrect immunocompetence in 
various ways."-'o Therefore. by using the standard LD 
diet to studv ETOH-induced immunomodulation in ex
perimental studies. one might inadvertently exclude the 
effects of ETOH-induced malnutrition on the host de
fense. To define the impact of nutrition on the immuno
modulatory effects of ETOH. we compared the immuno
modulatorv effects of the LD-ETOH and two other 
ETOH-containing liquid diets. The nutrient composition 
of one diet was modeled on the requirements of growing 
mice. and the other diet was based on a 40% reduction in 
these same requirements to more closely resemble the 
nutrient intake of chronic alcohol abusers. Because ETOH 
can affect each immunocompetent cell. we investigated 
the modulatory effects of ETOH on various immune 
responses. 

MATERIALS AND METHODS 

.·llI/mal.1 alld Diets 
Female C57D1I6 mIce al 3-5 weeks of age were ohmined from Charles 

River Labor-llones.lnc. (WilmlOgion. DEI. and were kepi on a 12.hour 
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dark·light cycle In a temperature-controlled enVIronment c!U-22'CI. 
Mice wen: maintained for 2 weeks m our facility on a nonpunlied diet 
lTeklad. Madison. WI) and water ad libitum. Antmals wen: then assigned 
randomly to one of the three liquid diet groups. each consisllng of thn:e 
subgroups. E.1ch liquid diet was fed as a liqUid ETOH diet (30% of the 
enelllY denved by ETOH) and an Isocaloric control diet (in which 
maltose.cextnn substitutes for the r.nelllY contnbuted by ETOH in the 
ETOH diet). with the mice having fn:e access to each of these diets. 
Because mice typically consume less food if ETOH is present in the diet. 
another subgroup was pair·fed with a control diet agrunst the ETOH 
mice of the same liquid diet group. These mice were restnC1ed to the 
same amount of food as the mean amount eaten by the ETOH mice. All 
diewy groups S1aned with 10 mice per group except 100% NRC group 
fed ETOH, which had 15 mice. Mice wert. fed once a day between 0800 
and 1000 hr and housed five to a cage. ETOH was Introduced into the 
diet over a period of 8 days to allow the mice to adjust to ETOH. Food 
was changed daily to minimize ETOH evaporation. and food consump
tion per cage was also measured daily. All diets wen: pn:pared fresh every 
other day and stored m the dark at 4'C. The protocol was approved by 
Ihe Animal Care Commlltee of the University of Arizona College of 
Medicine. 

Group I was fed the LD liquid diet (no. 710260. Dyets. Bethlehem. 
PAl containing 30% of energy as ETOH. 17% as carbohydrdtes. 18% as 
protein. and 35% as fat. Groups 2 and 3 wen: fed a L[).typc liquid 
ETOH diet (no. 710279 and 710280. Dyets). in Which the protem content 
was reduced to 12.5% according to the recommendations of the National 
Research Council (NRC) for the growth of mice" (these diets an: hen:· 
after called 100% NRC and 60% NRC). The C3rbohydrate content in 
these diets was increased to 27.S%. and the fat content was reduced from 
3S% of the enelllY in the LD diet to 30%. 

The vitamin and mineral contents of diet 100% NRC wen: set 
according to the n:commendations of the NRC (1978) for the growth 
and reproduC1ion of mice, as no information was available for growth 
alone (Table I). Sinee the Villlmin E content is n:lated to the fat content 
of the diet. nnd the NRC recommendation for this Villlmin is based on 
a diet providing I S% of energy as fat. its concentrauon In our diet (30% 
of enelllY as fat) was increased 100%. A recent American Institute of 
Nutrition workshop:O recommended lowering the manganese level of 
diets to 10 mgjkg, which we followed in the 100% NRC diet. AS no 
recommendation is given by the NRC forthe selenium content of mouse 
diets. we included seltnium at a concentration recommended by the 
NRC for rnt diets. The 60% NRC diet contained 60% of the VlllImlll 
and mineral contents of the 100% NRC diet (Table I). 

The study lasted 7 weeks. after which the mice wen: killed by ether 
anesthesia. Blood was colleC1ed from the aUXiliary vein. and serum was 
stored at-70'C. The spleen and thymus were removed immediately. 

Preparallon of Spleen Cells 

Spleen cell suspension was made by gentl y teasing the spleen with 
forceps in RPMI·IMO medium containing 10% fctal bovine serum 
(Hyclone, Logan, UT). Red blood cells wen: Iyzed by ammonium chlo
ride. The number of viable cells was determined by trypan blue exclusion. 
and the cells wen: adjusted to give the desired viable cell concentration. 

Stimulation of Spleen Cells for C.vtokine Secretion 

The cell number was adjusted to I x 10,o/liter. and 0.1 ml of cell 
suspension was added 10 each well of a 96·well microplate. Total spleen 
cells after removal of red blood cells wen: used for cytokine assays, 
be1:ause cell to cell interacuons are impenant faC10rs in Ihe regulation of 
cytokinesecrelion. For the induction ofinterleukin·2 (lL·2) or interferon· 
'Y (lFN), 0.1 ml of Concanavalin A (4 or 10 mgjliter: Sigma. SI. loUiS. 

MO). and for Ihe induction of tumor necrosis faC1or·" (TNFl. 0.1 ml of 
lipopolysaccharide (2 mg/liter. emaC1ed from E. coli 0111:84. Difco. 
Detroit, MI) were added to each well. Residual endotoxin in Ihe medium 
and on glassware was not n:moved. After 24 hr (TNFl and 48 hr (IL·2. 
IFN), supernalllnl fluids wen: collected and stored at -70'C for assay. 

>'iN. rZI, lIT AI. 

roi/ll, t. \'IIj'otln!iri; /)f Control D>lts 
LD 

(g/~ Of 9/4.18 mJl 100% NRC GO% NRC 

Ca50ln 4t.4 29.9' 29.9' 
o l' Mo \IlIO<Wle 0.3 0.2 0.2 
l.Cysl..,., 0.5 0 0 
Com ",I 0.5 7.5 7.5 
Safttowor 011 2.7 7.5 7.5 
CUYOOll 28.41 0 0 
Lard 0 to.O 18.0 
MnitOS<Hloxlm \15.2 139.8 139.8 
CoIIUosa 10.0 10.0 to.O 
xanlhMgum 3.0 3.0 3.0 
Choline bltan:nlto 0.5 0.3 0.3 
Y,tl\rlWlmlX 2.5i 2.5§ 1.5' 
Mltlt.WWmlM 8.7i 0.01 3.81 

• Vlt&nW1 tree. 
r Tho fatlY IICId pattom IOf tho ~O dlOt was 18.20/ ... t .... lod. 87.8% monoun

sal .... tod. and 15.9% polVlf'lsalU'alod fatlY IICIds. FOf tho NRCdlOts. rt was 31.4% 
salU'atod. 35.9% monounsatU'alod. and 32.7% potyun .. nnlod lany DOds. 

I Fe; 1ll00000001lOflllbout Vllam,n and lnI""'ni conlent. IlOO roloronces IlJobor and 
OoCartlI989). 

§ y,tomn ""X fl«)VIdod In mll"grams pot 4.18 mJ 01 dlOt lexcept as nolod): 
IhlO""",HCI. 0.75: nboHaVin. 1.05: PyndOx .... HCI. 0.28: ruootl11lC 0CId. 2.63 _g: 
caJaum panlo"""'ata. 2.1: loIlC aCId. 0.13: bool,n. 0.05: vlllIITW1 1).12. 2.63 _9; 
r.llny! paimrtote. 39.8 -9: C/1oI6C8ICrlorot. 1.0 _9; Q·IOCOPIlOfOI """tote. 10.5; 
~ IIOdIUn1 blsulflto. 0.79. 

, Tho 6O'lIo NRC dlat fl«)VIdod ox Vltam,ns 01 a concentnlllOfl WIlICII w .. 6O'lIo 
of that prcM<Iod by tile tOO% NRC diat. 

I MIl81'III .... fl«)VIdod 11 grams pot kllog1'am of 1nIX: caIao.rn phospIIoto. dIbasIC. 
595.&4: potassun phospIIoto. monobasic. 175.10: sodA.m ct\IoncJe. 38.27: SOdIum 
bICarbonato. 2B.25: powaun sUifote. 63.22: mll<]OOOUll oxide. 36.47: manganous 
sulfato-H,o. 1.35: fllmllJl BUltot ... 7H,0. 5.46: :me COItlOnat •. 2.52: cupnc CIItJon. 
010. 0.34: potaSllUll1 lOdato, 0.02: lIOdlum salonft •. O.Ot: cIin:lnwm polUll\.m 
sulfat .. ,2H,o. 0.B5. Tho 6O'lIo NRC dlat PfOVIdod 811 runoraIs.t a <XlOOOIltrItxln 
WhICh w .. 60% 01 that PIOVIdod by tile 100% NRC diat. 

IFN Assay 

IFN secretion was quantilllted by an enzyme·linked immunosorbent 
assay (ELISA). as descnbed preViously." In earlier experiments. we 
determllled that our ELISA deteC1ed only biolOgically active IFN. Micro
titer plates (lmmulon II, Oynatech. Mclean. VA) wen: coated with 50 
~I of a monoclonal antimurine IFN (Lee Biomolecular. San Diego, CAl 
diluted I: 100 with carbonate buffer. pH 9.6. and slored at4'C overnight. 
Microplates wen: wruhed with 0.1 mol/hler phosphate-butTered saline 
(PBS) containlDg 0.05% Tween·20 (PBS·Tween). Then. 50 ~I of IFN 
standards (recombinanl murine IFN. Genzyme. Boston. MA) or 50 ~I 
of supernatant wen: added to the wells and incubated for 2 hours at 
37'C. Afler washing wilh PBS. Tween. 50 .1 of a rabbit antimousc IFN 
polyclonal Bnuscrum (B gift from Philip Scuderi. Arizona Cancer Center. 
Univemly of Arizona) diluted 1:100 wru added. After 2 hr of incubation 
at 37'C and washing with PBS. Tween. SO ~I of a peroxidnse-conjugated 
goal antirabbit immunoglobulin specific anuserum (American Qunlex. 
La Mirnda. CAl dilute<: I: SOOO wen: added. and the plate was incubated 
for another hour. Finally, after washing three times with PBS. Tween and 
once with PBS. the perollidnsc substrate 2.2'·azino-bis..3-ethylbenzthia· 
zoline-6·sulfonic acid (Sigma) was added. and optical density readings 
wen: made using a Titenek multiscan (Flow Labs. Mclean. VA) with a 
405·mm filter 30 min alier substrate addition. The quantity of IFN in 
cult un: supernatants was determined by comparison with a set of stand· 
ards made wtth n:combinantlFN. The limit of detection was alleaS1200 
ng/I, 20 pg/well. 

TNFAssa.l· 

Secretion of immunoreactive TNF was quantilllted by an ELISA as 
described pn:Vlously, II using a procedure similar to that used in the IFN 
assay. The monoclonal antibody anlimurine TNFa/1l (Genzyme) was 
used at a dilution of I:SOO. Recombinant murine TNFa was purchased 
from Genzyme. The rabbit anumouse TNF" polyclonal antiserum (a 
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gJft from Philip Scuderi) was used at a dilution of 1:167. The slandard 
range was 0.156 to 10 .B/ltter with a detCl:tlon hmit of 10 pg/well. 

I L·2 .4.!.!a.l· 
Immunoreactive IL·2 lIas quantitated by an ELISA. The monoclonal 

antlbodv antlmunne IL·2 (Oenzvmel was used at a dilution of 1:500. 
RCl:ombinant IL·2 and rabbit ~ntlmouse polyclonal antiserum were 
pun:hased from Collaborative Re<..can:h. Inc. (Waltham. MAl. The pol. 
yclonal antiserum was used at a dilution of I :2000. The standard range 
was 0.3 to 20 .g/hter with a detection limit of 30 p&lwell. 

Natural Ki/l~r INK) Ct'/I AHa.l· 

NK cell activitv was measured In a 4·hr chromlum·51 (Cr·511 release 
assay against Y AC.I target cells. as descnbed prevIOusly." Target cells 
(I X lO" were incubated at 37'C for I hr in medium containing 5.6 Mllg 
of sodium chromate·51 (New En!tiand Nuclear. Doston. MAl. Tumor 
cells were washed to remove unbound radlolabel. resuspended in com· 
plete medium. and added to each well of a 96.well U·bonom mlcrotlter 
plate II x 10' celis/weill. Quadruphcate cultures were set up for each 
individual mouse. Spleen cells (elTector cellsl were diluted In complete 
medium and mt~ed with the target c:lls so that final elTector:target ratios 
of 100: I. 50: I. and 25: I were aChieved. The plates were centnfuged (180 
x g) for 2 min and incubated for 4 hr at 37'C. Controls included 
spontaneous release of Cr·51 from tumor cells alone. Ma~imum release 
was determtned by measunng Cr·5 I release from labeled target cells 
treated with 100.1 Nonidet P-40 (10 giL). Then. 100.1 of each aliquot 
were removed from the supernatant. and samples were counted in a "1" 

counter. The pen:ent sPCI:ific lysis was calculated as follows: I(e~pen· 
mental release - spontaneous release) x 1001/m~lmum release - spon· 
taneous release. 

Phagocyto.!l.! 

The phagocYllc activity of spleen cells was determined by flow cyt(}o 
metric quantitatlon with fluorescent mlcrospheres. as described previ' 
ously." Spleen cells (I x 10,o/Ll were Incubated with 5 x 10' fluorescent 
late~ panicles (fluoresbnte. 1.34 urn diameter. Polysclences. Inc .. War· 
rington. PAl for 2 hr In polypropylene tubes in a honzontal poslllon In 
a 37'C shaking water bath to achteve optimal mixing between pantcles 
and cells. E~cess late~ panicles were removed by layenng the reaction 
mixture over 3 ml of newborn boVine serum. followed by centnfugatlon 
(I SO x III for 10 min. The supernatant with free latex pantcles was 
aspirated. and the cells were washed twice. Extensive washing remol'ed 
beads associated with cells that were not Internalized. Finally. cells were 
reswpended in complete medium containing 10% dimethylsulfoxide and 
frozen at -20'C. For flow cytometnc analYSIS. samples were thawed and 
stained with 50 mg/hter propldlum iodide (Sigmal. Thawing resulted In 
only minor damage to the cells. with fewer than I % of all cells releasing 
beads. To determine the population's involvement in phagocYtosis. an 
ungated collCl:tion of all nucleated cells was taken and analyzed to find 
the pen:entage of cells contaJning one. two. or more than two late~ 

panicles. To confirm internalization of beads. samples were analyzed by 
transmtssion elCl:tron mtcroscopy. with essentially all internaltzed. 

Vitamin A DetermlnallOn 

Hepatic concentrations of total vitamin A were determined by the 
fluorometne method. Driefly. about 0.1 g of liver was homogenized in I 
ml of water and I ml of ethanol. and vitamin A was e~tracted with 5.0 
ml of n·he~ane by shaking for I min and centnfugatlon at 3000 rpm. 
The n·hexane layer was removed. The concentration of hepatic vitamin 
A level in this e~tract was determined as descnbed preViously." 

Blood Ethanol Lel'el 

To determine the DEL after 4 weeks we used a separate group of mice. 
because we wanted to e~clude any nsk of infectton In the study mice 

that might be caused by collecting blood from the tall vein. BELs were 
determined by a gas chromatographic method" on blood collCl:ted 5 and 
20 hr after fresh food was gIVen. IlEL were obtained by inJCl:tlng 0.5 .1 
of serum IntO a !tiass wool plug on a i'orpack Q column IAlitech 
ASSOCiates. Deerfield. I Ll. which was maintained at 180'C. DELs were 
then measured by companng Indtvidual peak areas to those developed 
hy injecting vanous amounts of a standard solullon containing known 
amounts of ETOH into an Idenllcal column. 

Stati.!tical Analv.!lS 

Data arc presented as the mean ± so for e:\ch ~roup. Data were 
analyzed using the one·way analYSIS of vanance. followed by a multiple 
range test with Statistical Package for Social Sciences." The probability 
level ( p I at which differences were conSidered statistically significant was 
less than 0.05. 

RESULTS 

BEL 
BEL were measured 5 and 20 hr after fresh food was 

given. The results show that the BEL at both time points 
was below the level used as a cut·off point for intoxication 
in humans ( 17 mmol/liter: Table 2). No significant differ· 
ence among the three diets was observed. 

Mortalil.l l 

There was no mortality among mice with free or re· 
stricted access to the control diets. with the exception of 
one mouse in the pair·fed 60% NRC group. There was no 
mortality observed in the LD·ETOH group. In the 100% 
NRC·ETOH and 60% NRC·ETOH groups. however. 
mice started to die 4 weeks into the experiment. By the 
end of the experiment. only 40% of the mice survived in 
each of those groups. Gross pathology perfonned on some 
of these animals did not identify organ damage as a 
possible cause of death. 

Food illlake and Body Weight 

Food intake. expressed as energy consumed per mouse 
per day. was not significantly different in the three dietary 
groups (Table 3). Mice with free access to control diets 
consumed less energy than mice fed ETOH·containing 
diets. ETOH intake did not differ among the dietary 
groups (Table 3). The body weights of mice with free 
access to the control diets were nearlv identical. while 
body weights of mice fed ETOH.cont~ining or energy· 
restricted control diets were significantly lower than those 
of controls. Despite a similar ETOH intake. mice fed the 
LD·ETOH diet achieved a significantly higher body weight 

Tlbl.2. Blood eTOH ConcentratIons In MIce Fed Uquld eTOH Olels 

Ihr) 

5 
20 

8.53:1: 4.06 
3.11 ± 2.28 

100% NRC 
Immel/hler) 

9.91 ± 15.05 
7.34 ± 3.15 

60% NRC 

12.92:1: 18.26 
3.52:1: 3.17 

Values aro the mean ± so. Wltn hvo an",,!IS per dlOtary group. 
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than mice fed the 100% NRC·ETOH or the 60% NRC· 
ETOH diet (data not shown). Body weights of the 100% 
NRC·ETOH group were significantly higher than those of 
the 60% NRC·ETOH group. Only with the 60% NRC 
diet was a significant diiTerence between ETOH· and pair· 
feeding the control diet observed. 

In mice fed the LO diet. the hepatic vitamin E (a' 
tocopherol) level was 37.5 ± 4.4 ~g/g liver in controls. 
and mice fed the LO diet containing ethanol had 30.5 ± 
3.1 ~g/g. This is a 19% decrease. There was 34% less 
hepatic vitamin A in controls fed the 100% NRC diet and 
79% less in controls fed the 60% NRC control diet. In 
mice fed the 100% NRC diet with added ETOH. there 
was 81 % less vitamin A present in the liver. 

Spleen Weight. Spleen Cell Number. and Thymus 
Weight 

Spleen (Fig. I) and thymus (Fig. 2) weights were not 
significantly different among mice with free access to the 
three control diets. ETOH ingestion significantly reduced 
spleen and thymus weights compared to the control diet 
ad libitum. With the LO diet. spleen and thymus weights 
were comparable in ETOH· and pair·fed mice. while with 
the 100% NRC and 60% NRC diets. ETOH·fed mice had 
significantly lower spleen and thymus weights than their 
pair·fed counterparts. Spleen cell number was independ· 
ent of the dietary composition. but was significantly reo 
duced by ETOH (data not shown). 

C.vtokine Production 

ETOH ingestion significantly increased the capacity of 
activated splenocytes to produce immunoreactive IL·2 in 
vitro (Fig. 3). No significant difference among the three 
diets was measured. however. IFN secretion was strongly 
influenced by ETOH and dietary composition (Fig. 4). 
With the LO diet. no significant difference in IFN secre· 
tion among the three experimental groups was observed. 
ETOH ingestion in the 100% NRC and 60% NRC groups 
significantly enhanced IFN secretion by in vitro activated 
splenocytes. Chronic ETOH exposure significantly reo 
duced the secretion of immunoreactive TNF by activated 
splenocytes with the LO and 100% NRC diets (Fig. 5). 
There was no significant effect of dietary composition on 
TNF production in vitro. 

WA~ TZ~ ET AI. 

NK Cell ActMt.l· 

The lytic activity of NK cells was significantly enhanced 
in mice fed the LO.ETOH.containing diet. but not in 
mice fed the other ETOH.containing diets (Fig. 6). The 
control group for the LO diet showed the lowest NK cell 
activity. while the NK cell activities of controls fed the 
100% NRC and 60% NRC diets were higher (statistically 
significant difference between LO and 60% NRC diet). 
Energy restriction by pair·feeding reduced NK cell activity 
compared to ETOH ingestion in all dietary groups. but 
only the difference for the LO group was statistically 
significant. 

Phagocytosis 

Mice fed control diets ad libitum showed significant 
differences in their phagocytic capacity. With the LO 
control diet. the 100% NRC control diet. and the 60% 
NRC control diet. 53.4 ± 1.5%.46.9 ± 6.02% (p < 0.05). 
and 37.9 ± 4.17% (p < 0.05) ofsplenocytes. respectively. 
phagocytized one latex bead (Fig. 7). Splenocytes from 
100% NRC control mice incorporated a significantly 
higher percentage of two latex beads. and splenocytes from 
60% NRC control mice incorporated a significantly higher 
percentage of three or more latex beads than those from 
LO control mice (Fig. 7). ETOH ingestion and pair. 
feeding had no effect on the phagocytosis of splenoCytes 
in mice fed the LO diet. ETOH ingestion and pair·feeding 
significantly increased phagocytic activity in animals fed 
the 100% NRC diets. while in animals fed the 60% NRC 
diet. only ETOH ingestion significantly increased phago
cytosis. 

DISCUSSION 

The objective of this study was to investigate the effect 
of dietary alteration on the immunomodulatory effects of 
chronic ETOH ingestion. We used as a basic diet the 
liquid ETOH diet introduced by Lieber.OeCarli.8

.
9 Since 

this diet contains micronutrients in concentrations that 
far exceed the recommendations for the growth of mice. 14 

we devised a liquid diet that more closely resembled these 
requirements. This diet. the 100% NRC. contained 100% 
of the recommended concentrations of all essential micro
nutrients. as defined by the National Research Council. I' 
We devised a second diet. the 60% NRC diet. containing 
60% of the micronutrient concentrations found in the 

T."'- 3. Food Inlake 0' Mice Fad Vanous ETOH DIers 'or 7 W,"",s 

~·D· l00%. NRC 50%. NRC 

Control ETOH PF COnlroi ETOH PF ContrOl ETOH PF 

Food .. Iaket (mJ/dav/mousel 57.00:1: 5.06 41.30:1: 3.72t 41.30:1: 3.72§ 56.47:1: 3.89 42.65:1: 6.65t 42.85:1: 6.65§ 55.97:1: 2.30 41.80:1: 6.27t 41.80:1: 6.27§ 
ETOHlnlake(mJ/dav/mouso) 0 12.37:1:1.13 0 0 12.83:1:2.01 0 0 12.54:1:1.88 0 

• PaIr·'ad control (PF) d,el (melChed wlln consumpllOl'l 0' ETOH dIGI). 
t Average dllJIV food Inlak. dunng Ine 7·w,"", tlenOCI. 
t p < 0.05. conlrol VS. ETOH WIthin dIGrs. 
§ p < 0.05. contrOl va. PIIJ,,'e.,lIng WIIhln dIGts. 
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100% NRC diet, to more closely resemble the micronu
trient malnutrition that may occur in chronic alcoholics. I 

Food intake and body weights of mice with free access 
to LD, 100% NRC, and 60% NRC control diets were 
similar, which indicates that our diets were as nutritionally 
adequate as the LD diet for the growth of mice during the 
experimental period. The extent to which growth was 
impaired by incorporating ETOH into the diets depended 
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largely on the nutritional quality of the diets. Mice fed the 
LD-ETOH diet, which supplied the highest micronutrient 
concentration ofall ETOH diets, showed the highest body 
weight. With decreasing micronutrient concentrations, the 
body weights of mice fed ETOH diets declined. Only with 
the 60% NRC diet, however, did ETOH ingestion com
bined with an inadequate diet reduce body weights signif-
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icantly beyond the margin that could be explained by the 
decreased energy intake in ETOH- and pair-fed mice. 
Other ETOH studies using the LD diet did not observe 
body weight differences between ETOH- and pair-fed 
rats.l.6.9.16 

As with the body weights, the spleen and thymus weights 
of mice fed the control diets ad libitum showed no differ
ence. In pair-fed mice as well as those exposed to ETOH, 
the LD diet produced spleen and thymus weights that were 
lower than those in controls, indicating that the reduced 
energy intake had caused the low lymphoid organ weights 
and that ETOH had no effect. In contrast to the LD diet, 
ETOH as pan of the 100% NRC and 60% NRC diets 
induced significantly lower spleen and thymus weights 
than those in energy-restricted pair·fed mice. From these 
data we conclude that the dietary composition of the LD 
diet in some way protected lymphoid organs from the 
toxic effects of ETOH, while the lower micronutrient 
concentrations in the other diets unmaSked immunosup
pressive ETOH effects. Several investigators using the LD 
diet, 10.12.ll observed no differences in spleen weights be
tween ETOH and pair-fed animals presumably due to the 
dietary composition of this diet. Our results funher dem
onstrate that the spleen cell number was significantly 
reduced by ETOH and was not modified by the diet. The 
relatively low intake of ETOH with a long exposure time 
(7 weeks) did not change significantly T -cells subsets in 
the spleen. ll However a much higher consumption of 
ETOH (7% V IV), with dehydration and reduced food 
intake did alter splenic immune cell architecture." 

The capacity oflymphocytes to secrete immunoreactive 
1L-2 was also highly sensitive to ETOH and was not 
modified by the diet. Splenocytes from the ETOH-fed 
animals produced increased levels of immunoreactive IL-
2, the first known repon of increased IL·2 secretion by 
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ETOH·treated mice.~8 Preliminary data from a recent 
study using the LD·ETOH diet demonstrated an increased 
responsiveness of murine splenocytes to various mito
gens.~9 ETOH treatment did not affect IFN secretion by 
splenocytes in mice fed the LD diet, while IFN secretion 
was enhanced in mice fed the 100% NRC-ETOH or 60% 
NRC-ETOH diet, demonstrating that IFN secretion was 
modified by ETOH and diet. As ETOH use lowers levels 
of hepatic vitamins E and A.2l which are required for 
normal immune functions. the dietary composition of the 
LD diet probably masked any ETOH effect. According to 
a recent review, no other studies have been published 
reponing an effect of ETOH in vivo on IFN secretion.28 

The secretion of immunoreactive TNF was suppressed by 
ETOH with the LD and 100% NRC diets. In earlier studies 
we observed a similar reduction in the secretion of im· 
munoreactive TNF by rat Kupffer cells after chronic 
ETOH treatmentlO using the LD diet. Mice fed these 
regimens and alcohol had essentially no change in spleen 
lymphocyte subsel~.l' Thus, changes in cytokine produc
tion or NK activity were not likely due to major changes 
in lymphocyte subsets. If alcohol damaged intestinal in· 
tegrity there could be more LPS exposure to cells, which 
would stimulate cytokine production by activation of cells. 

NK cell activity was also affected by the nutritional 
quality of the diet. Decreasing the nutritional quality of 
the control diets consumed ad libitum to the recom
mended level for normal growth resulted in increased NK 
cell activity. NK cell activity was funher enhanced in mice 
fed the LD·ETOH diet and was not moderated in mice 
fed the 100% NRC-ETOH or 60% NRC-ETOH diet. An 
earlier study, in which mice were fed diets with micronu· 
trient levels comparable to those of the LD diet, also 
reponed enhanced NK cell activity with chronic ETOH 
treatment.3D while in rats no differences between ETOH 
and controls were observed,u From our data we conclude 
that energy restriction by pair·feeding reduces NK cell 
activity. This confirms the findings of another study, 
which similarly reponed that pair-feeding lowered NK cell 
activity.12 This indicates that either the energy restriction 
itself or neuroendocrinological mechanisms related to 
such stress may have caused the reduction in NK cell 
activity. 

The phagocytic capacity of splenOCytes was significantly 
affected by the composition of the diets. Feeding the LD 
control diet resulted in low phagOCytic activity, while 
feeding the 100% NRC or 60% NRC control diet increased 
the phagocytic activity. Mice fed the diet with the lowest 
micronutrient concentration expressed the highest phag
ocytic activity. The LD·ETOH diet had no effect on the 
phagocytic activity, which conflicts with earlier studies, 
where we found a suppression of the phagocytic activity 
in rat alveolar and murine peritoneal macrophages. lJ•ll 

The 100% NRC diet revealed an increase in the phagOCytic 
activity by energy restriction. In addition to the stimula
tion of phagocytic activity by energy restriction in the 
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100% NRC group. the 60% NRC group demonstrated a 
funher stimulation of phagocytosis by exposure to ETOH. 
Such changes could be due to stimulation by increased 
exposure to bacterial products from ETOH or malnutri
tion damage to defenses of the liver and intestine.J7 

These findings clearly suggest that ETOH-containing 
diets stimulate or suppress the immune system by at least 
three mechanisms. Some of these parameters arc directly 
influenced by ETOH without any nutritional modulation. 
To this group belong spleen cell number and the capacity 
of splenocytes to secrete immunoreactive IL-2 and TNF. 
A second group consists of immunological parameters by 
which the effects of ETOH are funher modulated by the 
nutritional quality of the diet. Parameters belonging to 
this second group are body. splcen. and thymus weights. 
IFN secretion. NK cell activity. and phagocytic activity. 
The third group consists of immune mechanisms that can 
be directly affected by the nutritional quality alone. as we 
have demonstrated for NK cell and phagocytic activity. 

The intense interaction between chronic ETOH inges
tion and nutritional status on one side and between nutri
tional status and immunocompetence on the other creates 
many ways in which nutrition can affect ETOH-induced 
immunomodulation. It is apparent from animal and hu
man studies that in the absence of ETOH consumption. 
excesses or deficiencies of various nutrients can directly 
affect immune functions. J6 Vitamin A. panicularly, mod
ulates immune responses in various ways. Vitamin A 
deficiency in rats decreased NK cell activity and IFNa//3 
production,I7 and impaired the antibody response. 19 High 
concentrations of vitamin A induced in murine peritoneal 
macrophages resulted in increased phagocytic and tumor
icidal activity and IL-I production. 18 The LD diet contains 
extremely high concentrations of vitamin A. which can 
stimulate these immune responses and counteract the 
vitamin A-depleting effect of chronic ETOH ingestion. 
Additionally. high dietary intakes of vitamin E (100-2500 
mg/kg diet: LD diet contained 120 mg/kg diet) stimulated 
splenic NK cell and phagocytic activity of alveolar mac
rophages.J4 The high antioxidant concentration in the LD 
diet could protect lymphoid cells from damage by oxygen 
radicals generated during metabolism of ETOH. In addi
tion to the effects of the micronutrients. the quality of the 
fatty acids used in the various diets might have modified 
immune responses and the immunomodulating effects of 
ETOH.Jl 

Clearly, diets used in experimental studies of ETOH
induced immunomodulation should be planned and con
trolled carefully. as the dietary composition itself can affect 
the immune response and funher modulate the immu
nological effects of ETOH. The use of well established 
ETOH diets may not be appropriate for investigation of 
the immunomodulating effects of chronic ETOH inges
tion and may confound the data generated in any study 
of this type. Clearly. diets with megadoses of vitamins do 
not duplicate those of human alcoholics.~ The increased 
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monality in mice fed the NRC alcohol diets may be 
panicularly useful to the model loss of disease resistance 
seen in human alcoholics. The amount of alcohol and 
exposure time can be adjusted to prevent monality. Fur
ther animal studies nre necessarY with diets that are as 
close as possible to the actual nuiritional requirements of 
the animals and include an adequate safety margin nnd 
which more closely resemble the nutritional condition in 
chronic alcoholics. Finally, the nutritional supplementa
tion of alcoholic beverages or of alcohol nbusers may help 
to compensate for ETOH-induced malnutrition. but this 
will not prevent the direct immunomodulatory effects of 
ETOH. 
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ABSTRACT 

Immunomodulatlon observed In animals with long term alcohol Ingestion is caused by 
multiple factors Including the amount of alcohol consumed and the nutritional 
composition of the administered diet. Since most studies have used young animals 
with an immature Immune system, the effect of age on the degree of 
Immunomodulation by alcohol and diet Is not well known. Therefore, mature mice 
(age 11 weeks) were fed diets containing various levels of nutrients and ethanol (30% 
of energy) for 7 weeks. Food Intake and body weight were not different between the 
dietary groups. Spleen weight and spleen cell number was reduced by ethanol, but 
not affected by the diet. The percentage of B cells was modulated by ethanol and by 
the diet. Ethanol as part of the lieber-DeCarli diet increased the percentage of B cells, 
while ethanol in combination with nutritionally less adequate diets severely decreased 
the percentage of B cells. The percentage of other splenocyte populations was not 
changed. In conclusion, while mature mice are less sensitive to the 
immunomodulating effects of ethanol and diet than young mice, nutritionally 
inadequate or superoptimal diets can also modify the immunomodulating effects of 
ethanol in mature mice. 

KEYWORDS: Ethanol, spleen cells, B cells, diet, mice 

INTRODUCTION 

Alcohol is known to affect immunocompetence in animals in multiple ways (McGregor, 
1986). However, the published data of various studies on the immunomodulatlng 
effects of ethanol (ETOH) are rather contradictory (Watzl and Watson, 1991). One 
reason for the observed differences could be attributed to the different animal diets 
applied in these studies. It is well known that the nutritional status of animals and 
humans has a profound potential to modulate immunocompetence (Watson, 1984). 

By using diets with varying nutritional adequacy the immunomodulatory effects of 
ETOH theoretically could be either enhanced, neutralized or masked. We have 
recently shown that in young C57BLl6 mice (age 4 weeks) the immune response is 
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specifically impaired by ETOH, by the diet composition as well as by a combination 
of these factors (Watzl et al., 1992). These observations may at least in part explain 
the differences obtained In several studies on ETOH-induced Immunomodulation In 
animals. 

Since we have studied young mice in our previous experiments, which may be more 
sensitive than mature mice to the immunomodulatory effects of ETOH and 
malnutrition, we have fed in the present study mature C57BLl6 mice (age 11 weeks) 
for 7 weeks with liquid ETOH diets with different dietary adequacy. Immunological 
changes were assessed by measuring the number and percentage of splenocyte 
populations. 

METHODS 

Animals and Diets 

Female C57BLl6 mice, 11 weeks aid, were obtained from National Cancer Institute 
(Frederick, MO). Animals were assigned randomly to one of three liquid diet groups, 
which each consisted of three subgroups. Each liquid diet was fed as an ETOH diet 
(30% of the energy derived by ETOH) and as a control diet (maltose-dextrose 
substitutes for the energy derived by ETOH) ad libitum. Another subgroup was pair
fed with control diet against the ETOH mice of the same liquid diet group. Group 1 
was fed the Lieber-DeCarli (LD) diet, and groups 2 and 3 a LO-type diet. Group 2 
received 100% of the vitamins and minerals recommended for the growth of mice by 
the NRC (this diet is further called 100%NRC) and group 3 received only 60% of the 
recommended concentrations (this diet is further called 60%NRC) (Watzl et al., 1992). 
Food consumption per cage was measured daily. Each dietary group consisted of 8 
animals. 

Splenocyte Subpopulations Measurement 

Spleens were collected after sacrifice of the mice under ether anesthesia. Spleen cell 
suspensions and splenocyte surface marker determinations (Indirect 
immunofluorescence) were done according to a routinely used protocol (Lopez et al., 
1991 ). 

RESULTS 

Food and ethanol intake 

Food intake with and without ETOH was not significantly different between the three 
diets (Table 1). Mice fed control diets ad libitum consumed more diet than mice fed 
ETOH containing diets for every dietary group. ETOH Intake did not differ between 
the diets. 
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TABLE 1. Food intake (ml) of mice fed various liquid ethanol diets 

Diet 
Group' 

Lieber-Decarli 
C E P 

100% NRC 
C E P 

60% NRC 
C E P 

Food 19.48 12.88 12.88 19.81 12.76 12.76 19.91 13.10 13.10 
Intake ±2.26 ±2.30 ±2.30 ±2.79 ±1.75 ±1.75 ±1.47 ±1.52 ±1.52 

1 Abbreviations: C = control, E = ethanol, P = pair-fed (mean±SD) 

Body weight. spleen weight and spleen cell number 

15 

Body weights of mice fed the various control diets ad libitum and restricted were not 
significantly different (Table 2). While ETOH ingestion resulted in significantly lower 
body weights when compared to controls, no differences between the various diets 
were observed in this group. 
Spleen weight was not significantly different between mice fed the three control diets 
ad libitum (Table 2). ETOH ingestion significantly reduced spleen weight compared 
to control diet ad libitum. Pair-feeding did not affect spleen weight in mice fed the LD 
as well as the 60% NRC diet. However, pair-feeding the 100% NRC diet resuited in 
the same degree of spleen weight reduction as observed with ETOH ingestion. This 
phenomenon correlated with a low spleen cell number in animals fed either the 100% 
NRC ETOH or the restricted 100% NRC control diet (Table 2). With all the three diets 
ETOH ingestion significantly decreased spleen cell number. 

Percentage of spleen lymphoid celis and macrophages 

ETOH ingestion had no significant effect on the percentage of T cell markers and Mac-
1 + cells in mice fed the three diets (Table 3). The percentage of B cell markers was 
significantly modulated in ETOH fed mice. While ingesting ETOH with the LD diet 
increased the percentage of IgG- and IgM-bearing cells, ingesting ETOH with the 
100% or 60% NRC diets reduced the percentage of B cells (Table 3). 

DISCUSSION 

The objective of this study was to investigate the dietary modulation of the 
immunomodulatory effects of ETOH in mature mice. The similar body weights of mice 
fed the various control diets indicate that all the diets were nutritionally adequate for 
mature mice for the time of the experimental period. This was previously 
demonstrated for young C57BL/6 mice (Watzl et a/., 1992). 
With the LD and the 100% NRC diet no significant difference in spleen weight 
between ETOH and pair-fed animals was observed confirming data from several 
Investigators using the LD diet. They also have found no differences between ETOH 
and pair-feeding (Grossman et al., 1988; Mufti et al., 1988; Mendenhall et al., 1990). 
In contrast to the LD and 100% NRC diets, feeding ETOH with the 60% NRC diet 
(lowest nutritional adequacy of all diets) resulted in a lowered spleen weight beyond 

36 



16 8. Watzl et o/. 

TABLE 2. BodV weight, spleen weight and spleen cell number of mice fed various liquid 
ethanol diets 

Diet Body weight Spleen weight Spleen cell number 
(g) (mg) (1 x 10°) 

LIEBER-DECARLI 
Control 26.9± 1.90 96.9 ± 14.93 1.34;1;0.23 
Ethanol 22.6±2.93A 73.6±5.70" 0.91 ±0.32" 
Pair-fed 20.4±1.978 88.5±20.47 1.00±0.31 8 

100% NRC 
Control 26.8±2.15 96.1 ± 11.26 1.48 ±0.23 
Ethanol 21.4±2.35A 68.2±15.00" 1.09 ±0.424 

Pair·fed 22.1 ±0.938 68.2± 13.968 0.95±0.388 

60% NRC 
Control 27.5±2.08 85.3±7.77 1.20±0.31 
Ethanol 22.0±2.35A 64.5 ± 12.22A

•
e 0.97 ±0.294

•
C 

Pair·fed 22.8 ± 1.928 83.8 ± 10.12 1.20±0.19 

.. statistically significant differences (p < 0.05) control vs. ethanol. • control vs. pair·fed. 
e ethanol vs. pair·fed (mean ± SO). 

TABLE 3. Percentage of cells expressing lymphocyte surface markers in the spleens of mice 
fed various liquid ethanol diets 

Diet Thy 1.2+ C04+ CD8+ Mac-l + B cells 

LIEBER-DECARLI 
Control 45.4± 13.2 48.4± 11.2 22.2±10.8 11.9±3.3 30.0 ± 12.8 
Ethanol 47.1 ±6.3 30.3±6.7 18.5±6.0 13.6±6.1 65.1 ± 7.2"·c 

Pair·fed 48.7±7.8 28.1 ±6.5 20.0±8.0 10.1 ±4.1 42.5 ±23.0 

100% NRC 
Control 51.5±10.3 30.1 ±8.3 27.2±5.5 13.0±6.8 17.3±5.3 
Ethanol 53.2± 10.6 35.7±5.6 26.8±8.0 16.1±3.4 14.0 ± 3.8c 

Pair·fed 51.0±6.7 30.8±6.2 23.9 ± 16.4 10.3±3.8 27.0±17.6 

60% NRC 
Control 47.5±8.4 28.9± 10.3 21.1 ±7.3 15.9±9.6 29.9±18.0 
Ethanol 49.8 ±5.4 35.7,±4.9 27.0±4.8 13.3±9.2 8.5 ±2.8A

•
C 

Pair·fed 40.1 ±4.6 25.9± 12.5 20.7 ± 10.6 8.4±5.1 37.0±3.9 

A statistically significant differences (p < 0.05) control vs. ethanol. • control vs. pair·fed. 
e ethanol vs. pair-fed. 
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that of energy-restricted, pair-fed mice. This suggests that the nutritional status 
modulates the immunotoxic effects of ETOH on spleen weight In mature mice. 
ETOH Is known to severely reduce spleen celi number in young mice (Jerrelis et aI., 
1990; Meadows et al., 1992; Watzl et al., 1992). In mature mice ingesting ETOH the 
spleen celi number was only moderately reduced Independent of the nutritional 
adequacy of the diet. These data suggest that age may be an important factor in 
mature mice Which determines less susceptibility of the spleen to the immunotoxic 
effects of ETOH. 
In order to investigate whether ETOH or the nutritional adequacy of the diet 
specifically affected the various lymphoid cells of the spleen, the percentage of these 
cells in the spleen was determined. Our data show that in mature mice total T cells, 
CD4 +, CDS + as weli as Mac-1 + cells were neither affected by ETOH, nor by the 
nutritional adequacy of the diet. However, the percentage of 8 cells was significantly 
affected by both variables. While with the nutritional superoptimal LD diet the 
ingestion of ETOH increased the percentage of 8 cells, ETOH Ingestion with a 
nutritionally inadequate diet severely decreased the percentage of 8 cells when 
compared to control or pair-feeding. Another study, feeding the LD-ETOH diet to 
young mice for up to 4 weeks measured a slight decrease in the percentage of 8 cells 
between control and ETOH fed mice (Meadows et al., 1992). The data from this 
study and from the present study suggest that young age and nutritionally inadequate 
diets enhance 8 cell depletion In alcoholic mice. 
In summary, the spleen of mature mice is sensitive to the immunomodulatory effects 
of ETOH. However, compared to young mice, the immunological changes observed 
in the spleen are less pronounced. The nutritional adequacy of the diet has a major 
Impact on 8 cell depletion in the spleen of chronically ETOH-fed mature mice. Further 
studies are necessary to investigate the mechanisms of nutrition and ETOH in the loss 
of 8 cells. 
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Chapter 5 

ETHANOL CONSUMPTION AND MURINE ACQUIRED IMMUNODEFICIENCY 

INFLUENCE LIVER, HEART, AND MUSCLE LEVELS OF IRON, ZINC, AND 

COPPER IN C57BL/6 MICE. 

L. Masoud Shahbazian, Steven Wood, Ronald R. Watson 

(Alcohol Clin Exp Res. Submitted) 

Abstract 

To establish the relative and combined roles of ethanol and murine 

acquired immunodeficiency syndrome (MAIDS) on the mineral status (Fe, Zn, 

and CuI of liver (storage site), and heart, and muscle (nutrient mobile sites) 

C57BL/6 mice were randomly assigned to four groups: a) uninfected mice fed 

isocaloric adequate nutrient diet (NRC), b) uninfected mice fed the NRC diet 

with 25% of energy derived from ethanol, c) LP-BM5 retrovirus infected mice 

fed the isocaloric NRC diet, and d) retrovirus infected mice fed the NRC diet 

with 25% of it's energy derived from ethanol. The levels of Cu and Zn in the 

liver did not significantly change as a result of ethanol consumption. The total 

hepatic Zn level were increased significantly in retrovirus infected mice due to 

increase in their liver weight. Administration of ethanol significantly increased 

Fe concentration in the liver. The level of Cu in the heart were significantly 

decreased in uninfected mice fed dietary ethanol. Retrovirus infection resulted 

in significant increase in heart Cu and Zn concentration as compared with 
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uninfected mice. Retrovirus Infection in C57BL/6 mice significantly increased 

Fe and Zn level per gram of muscle. Murine AIDS alters tissue micronutrient 

levels. Key words: ethanol, iron, zinc, copper, Murine AIDS 

Introduction 

Chronic alcohol abuse is considered the major cause of malnutrition in 

affluent western countries (1,2). Alcohol abuse causes primary malnutrition by 

displacing nutrients in the diet and infrequent meal consumption. Alcohol abuse 

also results in secondary malnutrition from impaired absorption, utilization, 

storage and excretion of nutrients (1,3). Alcohol can directly alter small 

intestine structure, function, and motility (4,5). The severity of these alterations 

depends upon the concentration of ethanol consumed. Ethanol metabolism and 

acetaldehyde in the liver create cytotoxic free radicals which damage tissue, 

and deplete antioxidants through reaction with them. Metalloenzymes such as 

superoxide dimutase promote neutralization of free radicals via antioxidants. 

The reaction of these enzymes can require metals such as iron, magnesium, 

copper, and zinc (6). 

Alcohol consuming rats have shown significant decreases in hepatic and 

ceruloplasmin copper (Cu) and zinc (Zn) levels (7). There is a significant 

increase in hepatic iron (Fe) content, which with lower hepatic Zn, correlates 

to liver fibrosis in rats fed dietary ethanol (7). The liver is the major site of 
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ethanol metabolism. Higher hepatic Fe concentrations in chronic alcohol abusers 

could result in altered liver function, and improved iron absorption (8,9) or 

alcohol-induced folate deficiency (11). 

The majority of human immunodeficiency virus (HIV) seropositive 

patients have been associated with one or more abnormally of low 

concentrations of plasma micronutrients (17,18). Zn deficiency has occurred 

more frequently in HIV seropositive patients (18,19). Several HIV-induced 

immunological defects were similar to those observed in malnutrition, 

specifically Zn deficiency (20). AIDS patients have shown a significant decrease 

in their serum Zn concentration (19). Ethanol's immunomodulation including 

induction of nutritional deficiencies (13,14,15) could accelerate progression to 

AIDS (14,16). Susceptible strain of mice infected with LP-BM5 murine leukemia 

virus (MuL V) develop a syndrome, termed murine acquired immunodeficiency 

syndrome (MAIDS) (12). However since essentially nothing is known about 

micronutrient deficiencies in MAIDS (14), it was investigated to expand our 

knowledge of this animal model for AIDS. The role of chronic and moderate 

ethanol consumption on trace elements levels was investigated in normal and 

retrovirus infected mice to help explain changes in their resistance to infection 

(31,32). 

Materials and Methods 

Animals: Female C57BL/6 mice 3-5 weeks old were obtained from the 
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Charles River Laboratories Inc (Wilmington, DE). Four mice were housed in each 

transparent plastic cage with stainless steel wire lid in a room at a constant 

humidity and temperature of 20-22 °C, and exposed to a 12: 12 hours light

dark cycle. The mice were kept in the animal facility in the Arizona Health 

Sciences Center, and were given water and mouse chow. After 2 weeks half 

of the mice were infected with Murine Leukemia retrovirus LP-BM5. After two 

months on chow diet, mice were fed a liquid diet containing the nutrient levels 

recommended by the National Research Council (NRC) (#710279, Dyets Inc, 

Bethlehem, PAl. Mice were randomly given either liquid NRC ethanol diet (25% 

of energy derived by ethano!), or control NRC liquid diet made isocaloric by 

substituting maltose-dextrin for 7 weeks ad libitum. Fresh diets were prepared 

every three days and stored in the dark at 4°C. Diets were changed daily to 

minimize ethanol evaporation. Mice were sacrificed under ether and liver, heart, 

and gluteus muscle tissues were collected to determine their Zn, Cu, and Fe 

concentration. 

LP-BM5 Murine Leukemia Retrovirus Infection: The retrovirus was injected 

intraperitonea"y into mice with 0.1 ml ecotropic (XC) of 4.5 10glO PFU/ml, 

which induces Murine Acquired Immunodeficiency syndrome (MAIDS) with a 

time course comparable to previous studies ( Watson, 1989). 

Zn, Cu, and Fe assay: Liver, heart, and gluteus muscle samples were removed 

and weighed. Tissue samples were dried at 56°C in the oven overnight, and 
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dry weight were measured. Dried samples were dissolved in 70% nitric acid. 

After mixing and predigestion in a 60°C water bath for an hour, the water 

bath was brought to a boil. Five drops of 30% hydrogen peroxide were added 

into the samples every 30 minutes for 2 hours. Before samples were removed 

from the water bath, another drop of hydrogen peroxide was added. The 

solution is either measured directly or diluted to the appropriate concentrations 

for element analysis by flame atomic absorption (Hitachi, 180-70 

spectrophotometer) at wavelengths 213.8 nm for Zn, 324.8 nm for Cu, and 

248.3 nm for Fe by lamp for the specific element. The standard for each 

element were prepared in 0.1 parts per million (PPM) to 10 PPM. The standard 

curve was prepared by plotting absorption points for different concentrations 

of each element. 

Statistical methods: Results are presented as the mean ± SO. Statistical 

diffrences between parametric data were determined by analysis of varience 

(ANOVA) with 95% confidence interval. 

Results 

Body weight: The data showed that there was a significant increase in body 

weight as a result of retrovirus infection in mice fed isocaloric control diet in 

comparison to uninfected mice with or without ethanol diet. No significant 

difference were noted in body weight between mice fed ethanol and those that 

were given isocaloric control NRC diet (Fig 1 A). 
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Hepatic weight and minerals: There was a statistically significant increase 

(P<0.05) in liver weight of retrovirus infected compared to uninfected mice 

while ethanol consumption did not have a significant effect (Fig 1 B). There was 

no significant difference in the levels of Cu or Zn per gram of the liver among 

different groups. However the level of Zn in total liver for retrovirus infected 

mice was significantly (P<0.05) increased irrespective of presence or absence 

of ethanol in diet (Table 1). The level of Fe per gram of liver was significantly 

(P<0.05) increased in mice which consumed ethanol (Table 1). LP-BM5 

retrovirus infected mice showed a significant (P<0.05) decrease in the level of 

Fe per gram of liver (Table 1). In uninfected mice, total liver Fe level was 

significantly increased due to ethanol rather than isocaloric diet consumption 

(119.4 ± 27.9 vs 86.3 ± 12.7). There were no significant difference in total 

liver Fe concentration of LP-BM5 retrovirus infected mice with or without 

alcohol treatment (111.27 ± 29.19 vs 95.01 ± 33.96). 

Heart weight and minerals: Retrovirus infected mice fed ethanol or isocaloric 

diet had significant (P<0.05) increases in heart weight in comparison to 

ethanol fed uninfected mice (Fig 1 C). However the weight of the heart in 

uninfected mice fed isocaloric control diet have shown no significant difference 

from all other groups. There were significant (P < 0.05) increases in levels of Cu 

and Zn per gram of heart, and also an increase in total heart Zn level of 

retrovirus infected group in comparison with uninfected group irrespective of 
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presence or absence of dietary ethanol (Table 2). Total heart Cu level was 

decreased significantly in uninfected mice that were fed ethanol rather than 

control diet (0.17 ± 0.07 vs 0.35 ± 0.09). Retrovirus infected mice showed 

significant increase in total heart Cu level in compare to virus uninfected mice 

(Table 2). 

There were significant increases in the concentration of Fe (Fig 2A) and 

Zn (Fig 2B) per gram of muscle of retrovirus infected in comparison to the 

uninfected mice irrespective of presence or absence of dietary ethanol. The 

level of Cu in mice gluteus muscle was not measured since their absorption 

values were below detection level of 0.1 PPM Cu standard. 

Discussion 

Alcoholics tend to maintain their body weight eventhough more than 

30% of have reduced lean body mass, and 50% or more have reduction in fat 

stores (2). This might explain why alcohol did not affect the body weight of 

mice (Fig 1 A). While severe weight loss and wasting eventually ol,;curs in 

human AIDS patients (20,21), LP-BM5 infected mice which develop murine 

AIDS, showed significant increases in their body weight (Fig 1 A). This could be 

the result of the enlargement of the lymphoid organs such as the spleen, lymph 

nodes (12), and the increase of liver weight (Fig 1 B), which accompanies 

murine AIDS development. The uninfected mice fed the ethanol liquid diet, 
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showed no significant decrease in heart weight. There was significant increase 

in heart weight of the retrovirus infected groups irrespective of dietary ethanol 

treatment from retrovirus uninfected mice which were given ethanol but not 

isocaloric NRC. 

Hepatic Zn and Cu content were significantly lower in patients with 

chronic alcoholic liver disease (23,24) and ethanol fed rats (7). Low serum Zn 

are also common among 30-60% of alcoholic patients without liver disease 

(25). However, we observed no significant changes in Zn and Cu levels in 

whole or per gram of liver for mice fed ethanol. This may partially explain why 

mice do not develop cirrhosis of the liver due to ethanol consumption. Helwig 

et al (26) reported no significant changes in Zn blood level of alcoholics without 

liver disease. Hartoma et al (27) reported increased levels of serum Zn in 

alcoholics with fatty livers or normal livers. 

There were no significant changes in Cu and Zn levels per gram of liver 

in LP-BM5 retrovirus infected mice (Table 1). However the total hepatic Zn 

concentration was significantly increased in murine AIDS model as a result of 

liver enlargement. Fabris et al (19) reported decrease in serum zinc of human 

immunodeficiency virus (HIV) infected individuals, perhaps due to decreased 

zinc-binding protein or thymulin (19). This reduction of circulating Zn may 

explain higher hepatic Zn storage. Zn plays an important role in metabolism of 

other nutrients such as vitamin A (28). 



48 

Hepatic Fe was significantly increased in alcoholics (29) and ethanol fed 

rats (7). We also observed significant increase in hepatic Fe content of mice fed 

NRC ethanol liquid diet rather than isocaloric NRC diet. LP-BM5 retrovirus 

infection resulted in a significant decrease in level of hepatic Fe per gram of 

liver in C57BLl6 mice fed isocaloric diet. Fe overload also was seen in retrovirus 

infected mice that consumed ethanol diet rather than isocaloric diet. Higher 

hepatic Fe concentration could be the result of increased Fe absorption due to 

elevated daily gastric acid secretion during chronic alcohol administration 

(9,10). 

We observed a significant decrease in the Cu concentration in total heart 

of uninfected mice fed dietary ethanol compared with those given the isocaloric 

diet. Administration of alcohol in diet did not significantly change Cu and Zn 

level per gram of heart, and neither Zn concentration for total heart. However, 

there was significant increase in Cu and Zn concentration per gram of heart, 

and also total heart in mice infected with retrovirus in comparison to uninfected 

mice (Table 2). There was also significant increase in Zn and Fe levels per gram 

of muscle in retrovirus infected mice in comparison to virus uninfected mice. 

There was no significant changes in Zn and Fe levels per gram of muscle due 

to alcohol administration. The reason for elevated mineral level in heart and 

muscle of retrovirus infected mice could occur as result of decrease in mineral

binding protein, since the rate of albumin synthesis decreased during 
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development of AIDS (30). 

This study provides some information in alteration of mineral content of 

storage site (liver) and highly nutrient mobile site (heart and muscle) after 

administration of ethanol or murine LP-BM5 retrovirus infection. This nutritional 

information could be useful in determining the role and extent of cofactors such 

as ethanol in progression of AIDS, and alteration of immune responses. Alcohol

induced malnutrition is a significant modulator in immune functions, including 

retrovirus-induced immunosuppression, with nutritional supplementation 

potentially playing a role in this process. 
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Table 1: Effect of dietary ethanol (Et) and LP-BM5 retrovirus (Vs) infection on 

iron (Fe), copper (Cu), and zinc (Zn) concentration (Pg) per gram of liver (/gLv), 

and for the whole liver (Lv). 

Vs Et Cu/gLv LvCu Zn/gLv LvZn Fe/gLv LvFe 

---------------------------------------------------------------------.-------------------------------------

5.39 5.59 22.39 23.23 83.22 86.30 

±0.37 ±0.80 ±1.87 ±3.54 ±7.18 ±1200 

+ 5.30 5.74 21.62 23.51" 110.03b
" 119.~ 

±0.60 ±1.20 ±2.70 ±5.50 ± 15.37 ±27ID 

+ 4.79 7.10 23.76 34.8611 64.44° 95.01 

±1.28 ±2.30 ±5.40 ±8.12 ±22.05 ±3396 

+ + 4.98 5.21 23.29 30.9211 83.23"·b 111.27 

±0.76 ±1.72 ±2.70 ±6.68 ± 12.19 ±29.19 

a = Virus infected mice (VS +) significantly different from uninfected mice (Vs 

-) in either (Et +) or (Et -) groups (P<0.05) 

b = Ethanol fed mice (Et +) significantly different from mice fed control diet (Et 

-) in either (Vs -) or (VS +) groups (P<0.05) 

* = (VS -,Et +) mice significantly different from (Vs +, Et +) mice (P<0.05) 

n = 8 mice per group. ANOVA statistical analysis was used for mean ± SD. 
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Table 2: Effect of dietary ethanol (Et) and LP~BM5 retrovirus (Vs) infection on 

iron (Fe), copper (Cu), and zinc (Zn) concentration (pg) per gram of heart (/gHt), 

and for the whole heart (Ht). 

Vs Et Cu/gHt HtCu Zn/gHt HtZn FeIgHt HtFe 

-----------------------------------------------------------------------------------------------------------

3.60 0.35 21.14 2.08 131.94 13.02 

±0.93 ±0.09 ±0.90 ±0.08 ±5.36 ±0.96 

+ 1.78 0.17b.' 24.50 2.31 151.61 14.29 

±0.72 ±0.07 ±6.21 ±0.62 ±27.52 ±2.83 

+ 12.7811 1.3211 48.9311 5.0611 119.56 12.36 

± 1.81 ±0.17 ±5.14 ±0.44 ± 14.69 ±1.37 

+ + 13.2111 1.4111 48.0511 5.1511 115.49 12.40 

±2.44 ±0.21 ±5.38 ±0.50 ± 13.60 ±1.35 

a = Virus infected mice (VS + ) significantly different from uninfected mice (Vs-) 

in either (Et +) or (Et-) groups (P < 0.05) 

b = Ethanol fed mice (Et + ) significantly different from mice fed control diet (Et

) in either (Vs-) or (VS +) groups (P < 0.05) 

* = (VS-, Et +) mice significantly different from (Vs +, Et +) mice (P<0.05) 

n = 8 mice per group.ANOVA statistical analysis was used for mean ± SO. 
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Figure 1: Effect of chronic dietary ethanol consumption and LP-BM5 retrovirus 
infection on body weight (1 A), liver weight (1 B), and heart weight (1 C) of 
C57BL/6 mice. 

Fig :IA 
35 

28 
J:' (=:J Conlrol 
bI) --..... 21 ~ 

_ EIOH 

.~ 
41 
~ 

14 ;.., 
mnm Virus 

'tI 
Q &l Vlrus+EtOH 
~ 

7 

0 

Fiq: Ie 
0.15 1.80 

o.n 
'i:' 
~ 

1.44 
'i:' 
~ .. 0.09 .a .. 

&i 
IJ 

0.06 1:: 

~ 1.08 .. 
'u 
~ o.n .. 
II • II 

.a 
0.03 

~ 
0.36 

0.00 0.00 

a = Virus infected mice (VS +) significantly different from uninfected mice (Vs 
-) in either (Et +) or (Et -) groups (P<O.05) 
* = (VS -,Et +) mice significantly different from (Vs +, Et +) mice (P<O.05) 
n = 8 mice per group 
ANOVA statistical analysis was used for mean ± SD. 
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Figure 2: Effect of chronic dietary ethanol consumption and LP-BM5 retrovirus 
infection on iron (2A) and zinc (28) of 1 gram muscle in mice. 
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a = Virus infected mice (VS +) significantly different from uninfected mice (Vs 
-) in either (Et +) or (Et -) groups (P<O.05) 
* = (VS -,Et +) mice significantly different from (Vs + I Et +) mice (P<O.05) 
n = 8 mice per group 
ANOVA statistical analysis was used for mean ± SD. 
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Modification of Resistance to Streptococcus pneumoniae 
by Dietary Ethanol, Immunization, and 

Murine Retroviral Infection 
Hamid Darban. Ronald Ross Watson. Jill R. Darban. and L. Masoud ShahbazlBn 

HlllmlncD 01 the Icqutre<l Immune dellclency Iynarome (AIDS) Ire 
ImmunologIC luerabOnl. lreqtHIfI1Iy I .. OCI.Illd With opponunlltlc 
Inl_l. To .lUdy luch a.lIOCIIlIonl. LP·BM5 munne relroYlru. 
Inlectlon w .. ulld •• I munne model 01 AIDS. RolroYl .. lly inlKt.d 
and unlnlKtId mICe w ... led I 5% (v/v) eth.nol diet 10' 55 day. 
Ind then lid I 7% v/v ethanol dill 10' the IInl11 daYI 10 •••• n Ill. 
rolll 01 IIthlnoi ... colacto, In dlvelopmenl 01 munne AIDS. Th.,. 
WII I rIdUc1Ian In potymotphanUCI.I' neutrophil. count In IthlnoI
led group .. N.utrophill 1ncre.1Id In relrOVlrulolnlDCtIld grouP .. e.· 
clpl tho .. vaCCllllltld 10 daYI belo,. chillenge with live bact.ril. 
The pen:.nllge 01 1Ip/lltiO /ymphocytfll In lIle relnlYirua-lnllClld 
group w .. reduced In COf1Il)InlOll WIth c:omroI .. SUrvival 01 lIle mlCI 
chllHengId Intre~ally with SlIIIpfacoccul pnIC/m(IIWe WII 
Inero,1Id by V'OCIIIIIbOn and IUpprel1l4ld by dl.l.,y alcohol. R.Ira· 
Yirua Inlectlon Clulld I mUCh lillI' d .. th .. II .'11tI' beel.n.' chal' 
lenge thin ~. InllClld cant:OI •• VaC1:lnaIlan playld .n 
Important rol. In d.18ytng the d •• th .. Ie In III tre.11d group •• 
Tranalerring Ipleln c.lI. hom h •• ,lIly. unlmmunlzld mica llao en· 
• bIed the retroYIrIlly InllClld mice 10 .urvive Ihe bacter18llnlllC1lOn 
lange,. Enhancement 01 IVaI.lance 10 S. pneumonia. by vlccmallon 
Ind tren.'er 01 Imm~ cIIi. 10 mici ImmUfJO.~ 
by retraYi .. , InlKtian ahow the pol.nIIll 10 u •• ImmunOmodu18tlon 
10 INKt dl ..... felillance In AIDS. 

Key Word.: Alcohol. Immunization, SlrapfocOccu. PMUmonl ... 
AIDS. AdOlltiva Trln.'.,. 

H UMAN IMMUNODEFICIENCY virus (HIV) causes 
acquired immune deficiency syndrome (AIDS).' .... 

HIV·induced development of immunosuppression'" in· 
creased the frequency of pyogenic infections.a Bacterial 
infection causes significant morbidity after development 
of AIDS due to altered humoral' and cell-mediated im· 
munity.9 

Bacterial infections by encapsulated SlreplOcoccUS pnell' 
montae occur regularly in HIV· patients. 10 S. pnelimOlllae 
and Hemophilus in/luenraecause most of the community· 
acquired pneumonias in AIDS patients." Clinical S. pnell' 
montae infection occurs more frequently in AIDS patients 
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than in the general population 10.1, or in hospitalized 
pallents'O.'l without retroviral infection. Increased B·lvm. 
phocYte proliferation occurs in AIDS pallents,"·'·'''· via 
defecttve B·lymphocYte functions.'· This could explain 
the concomitant loss of bactenal reSistance. Despite the 
resulting hypergammagJobulinemia. humoral immunity tS 

defective in children with AIDS with reduced in VitrO B· 
lymphocYte transfonnation in response to pneumonoccal 
vaccines.s In the U.S.A .. the pneumonoccal vaccine is 
recommended for patients in high·risk groupS'9: immu· 
nocompetent adults with chronic illnesses. immunocom· 
promised adults with Hodgkin's disease and lymphoma. 
adults with asymptomatic or symptomatic HIV infection. 
and children with two or more chronic illnesses.'o While 
an effective antibody response to bacterial antigens is 
imponant for resistance. the efficacy of vaccines in high • 
risk patients is unclear l including HIV· individuals. 

Cofactors. including ethanol·induced immuno· 
suppresslon"·'l may also change B-cell responses funher 
decreasing resistance during AIDS. Ethanol reduces sev· 
eral neutrophil delivery functions nonnally activated by 
inflammatory stimuli" including adherence ofneutrophils 
to endothelial cells.:u To the extent that ethanol use sup
presses cellular immune funcllon or T-cell numbers, par· 
ticularly in retrovirally infected people, it would be a 
cofactor facilitating development of AIDS.l:.21 However. 
experimental models showing such an association need to 
be developed. 'l.2l Therefore. a murine model of retroviral 
infection producing AIDS was developed for S. pneuma
niae infection. ElIperimenlS were also designed to assess 
the effectS on resistance of its immunosuppressed system 
during ethanol consumption. immunization. and reno
viral infection. 

METHODS 

.Iflce and Dws 

Female CS7BL/6 mice (Charles River Laboratones. Iloslon. MAl J 
to 4 weckJ of age and we,ghlng aOOul 15 g were randomly IWllUleQ 10 
d,fferent groups. Five mll:e per cage were housed 1M tranJPIl'Onl plasuc 
cages With a sWnJess sl...:1 Wire lid 1M a room a120' to 22"C with constant 
humultlY and a 12: 12 hr lighl-dark cycle. 

Mia: were feQ etltanol-conwnlng diet fonnulations (OyelS .71026 . 
Lieber.DeCarli fonnul ... DreIS. Inc .. Bethlehem. PAl conwrun8 m 
etllanol for " days and followed by 7% (v/v) ethanol for 7 days. Thc 
conlrolS recetved the same diet made lsoc:aIonc by the addInon of dextnn· 
maltose to replaa: etltanol. 

Alcohol eli. Exp /In. Vol 16. No ,. 1992: lIP 1146-a51 
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StreptOCOCCUS pnl'llmonlae and n'pe III Pneumococcal pnl'llmonlae 
ISSS /II) Preparallon 

S. pnl'llmonlae Type II was obtained from the Amencan Type Culture 
Collecuon. The bacten. were cultured on uyptocase soy broth (Difco). 
Isolated. and Ihen 0.2 ml of I x ur Iml orpnum. were injected Intra· 
penloneally. The concenuauon of S. pneumonlae was detennlned after 
several Initial !nal. and chaUenses of different yaup of mice wllh 
different concentrauon of bacteria tn order to obtain LDoo. The concen· 
trauon was set by blood agar plate count Wllh companson to the 
MacFariene Standard in the UnivenllY of Amona Medical Center 
Clinical Microbiology Laboratory. The mice were observed every S hr 
postchallenge with the bacteria. Some were tmmuDlZed with O.S mB of 
pneumococcal polysacc:hnde type III in 0.3 ml stenle saline Injected 
mtnperitoneally." The Type 111 pneumOCOQ:a! polysacchnde SSS III 
was I kind 111ft of Dr. Phillip Baker from the NauonaJ Insutute of Allergy 
and Infectious DIsease j&thesda. MOl. 

DelmnlllaJlon of Blood Elhanol ConwUrallon 

Blood ethanol levels were detennlned by gas chromatography. The 
samples were collected at 7 hr and 12 hr po5tdatk cycle. Serum eUtaDol 
levels were obtalOed by InJec!lDB I "I of serum mto a glass plug on tOP 
of a Porpack Q Column jAlllech ASSOCIation. Deerfield. III maintained 
al 180·C. Peaks were compared wlm mosc developed by IOJec!lnB known 
amounts of ethanol into Ute column. 

DiJJtTtllllaJ COUIII DtlmnlllaJlon 

The mice were placed in me containment container and about I em 
of me wi was cut off. One drop of blood was placed on a (!lass slide. A 
blood smear was made. air dried. and stained in Turk's solution 10.01 r.. 
crystal violet and 3% acetic acid). 

Prq>araJlon of Splun Cell SUJptnJloru 

Mice spleens were individually collected in complete RPMI·164O 
medium (RPMI 1640 WIth 10% FCS. L·glUtamlne 2 mM. 100 "/ml 
penicUlIO. and 100 "Blml streptomyctn. GIBCOI and SIngle cell suspen· 
Sian were obtamed by gently teasing wllh lWeezen. Cell swpeDSlons were 
washed WIth RPMI. and red blood cells were Ivsed by ammoDlum 
chloride soluuon (Slgntl Chemical Co. I. The remllnln8 cell SWpeDSlOns 
were W1tshed once Wllh cold RPMI. stained with eosin V and counted to 
prepare dCSlred VIable cell concentrabOns. Alcohol tre:ttment of retroVl' 
rw Infected mice had no significant effect on .pleen cell number com· 
pared 10 retroVIruS infectIon alone 114.6 ± S.3 x 10' venw 16.7 ± 1.2 
x 10'). 

Spleen Cell PreparaJlon/or Adop/lvt TraM/no 

SpleeDJ of mice 6 to 8 weeks old were removed. and teased to make 
single cell SWpeDSlOns. E:u:b mou.sc in me deSIgnated \Il'Oups was Intra· 
venously injected wim 0.2 m1 (3 x 10' ceUs) of me I.S x I O'/m of single 
cell suspension through me tntiJ veiD. Three days later the nllce were 
challenged wim me S. pneumonlat. 

RESULTS 

Bod.v and Spleen Weight and Spleen Cell Number of 
Mice Fed an Ethanol Diet 

There was no significant change in the body weight due 
to ethanol consumption or retroviral infeCtIon (data not 
shown). Spleen ceU numbers were increased significantly 
by retroviral infection (p < 0.05). Ethanol treatment reo 
duced spleen weight of uninfected mice irom 68 ± 4 mg 
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to 48 ± 6 (p < 0.051. RelroVlrus infection significantly (p 
< 0.05) increased spleen weight to 293 ± 54 mg. However. 
alcohol consumption by retrovirus infected mice had no 
additional. significant effect (data not shownl. Ethanol use 
did not funher change them in the TCtrovirally infected 
mice (data not shown). Ethanol consumption combined 
with S. pneumomae vaccination followed by a booster 
injection in uninfected mice caused a significant reduction 
in spleen cell numbers (p < 0.051 compared with unin
fected controls (5.9 ± 1.2 and 9.0 ± 3.2. respectively). 

Serum Ethanol Level of Mice Fed an Ethanol Diet 
During Light and Dark Periods 

Blood ethanol concentrations. in mice receiving the 
treatment at 7 hr postinitiation of the daily 12-hr dark 
cycle. were signilicantly higher (p < 0.0 I) than controls 
fed the control diet. The concentration of ethanol was 
increased in all the groups of 20 hr postdark cycle. The 
changes were significantly higher, (p < 0.05) during the 
dark cycle compared to the light cycle (Table I). However. 
no significant differences in serum ethanol levels were 
noted due to retroviral infection or vaccination. 

Differential White Cell Count Prior to the Challenge 
With S. pneumoniae 

There were significant changes in the differential count 
due to treatment (Table 2). The uninfected mice fed 
ethanol had a decrease in the number of polymorphonu
clear neutrophils (PMN) in blood and a significant (p < 
0.05) increase in monocyte and eosinophil numbers. com
pared with mice fed the liquid diet without ethanol. The 
retrovirally infected group (vaccinated on day 0). showed 
an tncrcasc of PMN. monocyte. and eosinophil numbers. 
compared with uninfected controls. Retroviral infection 
increased circulating monocytes and PMN significantly (p 
< 0.05). 

Modification of Bacterial Resistance by lmmuntzation 
and Transfer of Spleen Cells 

The retrovirus infected grouP. fed the ethanol diet. had 
a higher death rate after challenge with S. pneumoniae 
than non-retrovirus infected mice. The mice vaccinated 
at time 0 whicb received booster vaccination 50 days later 
had the greater resistance (p < 0.0 I) than controls. This 
treatment had 90% surviving at 140 hr post S. pneumoniae 
challenge. All the retrovirally infected groups, modified by 
vaccination or adoptive transfer of spleen cells, showed 
enhanced resistance to S. pneumoniae compared with 
relevant controls (Fig. I). 

The patterns of survival were similar in groups of mice 
fed the control diet (Fig. 2). The mice whicb received the 
vaccination survived better than controls. including rctro
viral Iv infected mice which were vaccinated. Retrovirally 
infecicd mice. whicb received spleen cells, survived the S. 



61 

848 DARBAN ET A~. 
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pneumoniae challenge better than the retrovirally infected 
controls. 

The percentage of survival after bacterial challenge of 
mice fed the ethanol diet was significantly lower (p < 
0.05) than controls. Dietary ethanol exacerbated the effects 
of the retrovirus on resistance, with reduced survival after 
bacterial challenge. 

DISCUSSION 

Retrovirally infected mice challenged with S. pneuma
niae showed a decreased survival rate. This redut:tion in 
resistance confirms a recent study showing reduced resist
ance in mice with murine AIDS to a parasite common in 

1010 

AIDS patients, Cryprosporidium.:6 and esophageal can
cer,ll Ethanol consumption funher accelerated esophageal 
tumor growth particularly in retrovirally infected mice. 
These investigations strengthen the use of murine retro
virus as a model of altered disease resistance in AIDS, A 
number of hypothesis papers= and rcvicwsll- JO suggest 
that alcohol-induced immunomoduiationJ1•Jl would ex
acerbate immunosuppression by retroviruses. The prescnt 
study provides confirmation in murine AIDS. 

The number of retrovirally infected mice surviving S. 
pneumomae challenge was increased by vaccination and 
adoptive transfer of splccnocytes, Although vaccination 
did not protect retrovirally infected mice from eventual 
death due to pneumonoccal infection, it extended their 
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survival. This is an evidence for the involvement of func
tional cells in the retfovirally infected mice which over
come some of the pathogenicity of S. pneumoniae. espe
cially when assisted by stimulation by noninfectious bac
terial antigens. Adoptive transfer of splenocytes delayed 
the death by S. pneumomae infection. Vaccination 10 
days before challenge with the bacteria strengthened the 
resistance of controls which is due to production of anti
capsular antibody that. in conjunction with comple
ment,"-'l opsonized'6.'7 the bacteria for phagocytosis and 
killing by reticuloendothelial system macrophages. 

The LP-BM5 murine retrovirus reproduces in B cells, 
macrophages. and T cells. J7- Due to antigen stimula
tion. J' the murine retrovirus infection causes enlargement 
of the spleen.9•JS which also occurs in up to 50% of AIDS 
patients.'9 HIV infection causes loss of cellular function 
and components'9 a:; does murine AIDS.H .l1 The number 
and functions of B lymphocytes and macrophage:! are also 
reduced by HIV and by murine retrovirus infection. This 
produces greater susceptibility to opponunistic infections, 
even in the presence of hypergammaglobulinemia. as the 
B cells respond poorly to new antigens. Children with 
AIDS are at increased risk for bacterial infections. similar 
to other patients with defective humoral immunity. I AIDS 
causes reduced in vitro lymphocyte transformation to B 
cell mitogens. and response to pneumonoccal vaccine.' 

There were no significant changes in body weight due 
to consumption of the ethanol diet. suggesting that the 
animals were not undernourished. Undernutrition is fre
quently llSSOCIated with ethanol use. which can be immu
nosuppressive. oil,) Changes in diseas:: resistance were likely 
due to ethanol and its metabolites actions on lymphoid 
cells. rather than nutritional deficiencies. The Lieber
DeCarli diet used has several-fold excesses above the rec
ommended daily allowance. funher reducing the chance 
of malnutrition due to alcohol use, although alcohol can 
cause deficienCies with prolonged use: 1 The increase of 

splcen size and cell number in the retrovirally infected 
group, due to the retrovirus infection, confirms preVIOUS 
researchY2 We have found that intestine and thymus T
cell numbers are drastically reduced by retroviral infec
tion.l Lymphoid populations. in other areas such as the 
peritoneum, may also have been affected by the retrovirus 
and local bacterial resistance there. The reduction in 
spleen size in nonretrovirally infected mice, fed ethanol, 
shows that the chronic. long-term ethanol diet suppressed 
lymphoid tissues. Splcen4

' and thymus" size and cell 
numbers. as well as function 4s"'7 of peripheral blood cell 
are affected by ethanol. The extent of changes were ass0-

ciated with the level of consumption during shan-term 
e)(posureY We used a dose. 5% v/v ethanol. which could 
be sustained over a long period of time·; without mona!
ity, as higher levels caused death in C57BL/6 mice."; A 
7% v/v diet causes death in 10 to IS days with weighl 
loss. Chronic, long-term ethanol can induce retardation of 
splcen development and cell numbers:

' 
We found ethanol 

was present in serum during feeding time. the dark cycle. 
and continued into the light cycle where feeding is infre
quent. The diet was sufficient to provide chronic ethanol 
e)(posure. A decrease in the numl>l:r of PMN cells in blood 
due to ethanol consumption may be consistent with 
changes in the granulocyte mobility and function: I 

... 
7 

Both changes in PMN numbers and function could e)(
plain loss of resistance to some infectious agents'2 includ
ing S. pneumoniae. Cell composition of peripheral blood 
of humans4,.41.49 can also be modified by ethanol con
sumption. 

Changes in PMN numbers and functions, in vitro direct 
suppression of lymphocyte functions by ethanol and its 
metabolites as well as altered cytokine production I unpub
lished data) suggest that ethanol affects immune respon
siveness including in murine AIDS. Thus. vaccination 
may not be as effective in retrovirally infected mice fed 
ethanol. Clearly, damage to immune systems by murine 
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AIDS makes the mice more susceptible to S. pneumoniae. 
These studies support the hypothesis that alcohol and 
other immunosuppressive substances synergize with retro
virus (HIV) to accelerate immunosuppression and devel
opment of AIDS in humans. ~2.21 
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INFLUENCE OF THE LEVEL OF DIETARY ETHANOL IN 
MICE WITH MURINE AIDS ON RESISTANCE TO 

STREPTOCOCCUS PNEUMONIAE 
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ANTONY M. STAZZONE" and RONALD R. WATSON-ttll 
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(Rtrtlvtd 20 July 1991; acrtpltd In rtvlstd form II AprIl 1992) 

Abslracl - ChrOniC elhanol consumpllon Impairs c~lIular Immune funclions. This may explain 
the Increased occurrence o( vanous opportUnlSIlC Infecllons In heavv ethanol users. Immunologi. 
cal alterallons aS5OClat~e.! WIth AcqUIred Immune DeficIency Syndrome f AIDS) also perml! more 
opportuntSl/c Inlecllon~. In thIS study. \\'~ usee.! a munne model 01 relrovlrus infecllon Induced hy 
Lp·BM5 munne leukemia vIrus. The combined ellects 01 ethanol use and earlv relrovlral 
mfecllon Ipnor to the d~I'elopment of AIDS) on resIstance to StrtPIOCOCCUS pntumonrat were 
mveslIgated. Consumpllon 01 elhanol by non·retrovlrus·tnfected mice resulted in decreased 
reSISlance to S. pntumonrat. However. relrovlrus'lnfeCled mIce fed a die I conlalnln8 high 
concenlrallons 01 ethanol (6 and 7% vlvl exhiblled a greater reSlSlance 10 S. pntumonrat 
mfecllon Ihan retrovirus'lnfecled mIce fed dIets wllh lower concentrallons (5%) or no ethanol. 
The tOlal number of while blood cells also decreased as serum cthanol levels increased. There 
were also lewer I)'mphoc~tes and more neutrophlls and monocytes In relrovirus'lnleCled mIce fed 
ethanol. Diel consumpllon decreased as the concenlrallon of ethanol Increased In the diet. 
Consumpllon was dependent upon the dark-IIghl cycle. The hIghest dlel consumpllon was 
observed dUring the first 4 hr ollhe dark penod, Th~ level of ethanol m serum was Innuenced by 
the amount of the e.!lel consumed and ItS ethanol concentrallon. Bllth relrovlrus mfecllon and 
elhanol consumpl/on C(lected 5ur.'lVal alter 5, ,,"fllmonraf mfecl/on, 

INTRODUCfION 

Mice infected with the murine retro\'iruses 
ha\ e neen used as animal models for the 
human Acquired Immune Deficiency Syn
drome (AIDS) (Moster ('{ (/1 .. 19S5). 1\lurine 
AIDS shares man\' features with human AIDS 
(Moiser ('{ al .. 19R5). These include hypergam
maglonulinemia. polyc1onal proliferation of T 
and 8 cells. lymphadenopathy. decreased T 
and 8 cell re~ponse to mtlogens and enhanced 
susceptihility to infectton due to immunoddi
ciencv (Muster C'{ til .. Il)HS). Murtne (Mosier C'{ 

III .. (l)HS) and human (Bernstein (!{ til .. I 9HS: 

Author t" "hom corrL"rll",knc~ ,hlluld h~ uddr~"~e.!. "I. 
DCl'artmL'nt III Famlil' and ("'mmunltv M~dlc,"~. ,"I· 
le~~ ot ~kdlc,"c. Th~ L ",vcr"tl' "I AIIZIIna. R,~'m 
~.iIl7. TU~lIn. AZ S57~4. L',SA, 

Pesanti ('t al .• 198H) A I DS cause an impairment 
of cell-mediated and humoral immune reo 
sponses. which may be exacerbated by cofac
tors like ethanol (Pillai and Watson. 199Ia.b). 

ChrOniC ethanol consumption impairs cyto· 
toxic and helper T lymphocyte activities and 
causes dysiunction of suppressor cells (Nair t!{ 

(/1 .• 1990: Watson ('{ al .. 19H-t). Ethanol reduces 
Ihe mohilizution of neutrophils (PMN) and 
white hlood cells into areas of inflammation 
(MacGregor ('{ III .. 19HH). It also impairs their 
adherence to the surface of endothelial cell~ 
(MacGrel!or ('{ III.. Il)HH. 1971). The release lli 
prtmary ~ind secondary granules hy activated 
neutrophils is inhihited hy ethanol in a concen
tration dependent manner (MacGregor ('{ III .. 
19HH). Ethanol's immunomodulation. syner
gized with the immunosuppressive effects ot 
retrovtru~ infection. could reduce host resist-
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ance (Nelson et al.. 1990) and accelerate 
progression to AIDS (Pillai and Watson. 
1991a.b). 

Ethanol consumption affects various aspects 
of nutrient metabolism. such as nutrtent in
take. digestion. absorption. transport. storage. 
utilization. degradation and excretion (Mohs 
and Watson. 1990). Ethanol·induced immuno· 
suppression may develop as a result of nutri· 
tional changes (Watson and Leonard·Green. 
1990). Thus. the effect of ethanol consumption 
on nutritional status and disease resistance mav 
be influenced by the frequency and concentra' 
tion of ethanol intake. the pattern of intake. 
and the duration of exposure to ethanol (Mohs 
and Watson. 1990). 

Infection by Streptococcus pneumoniae 
occurs more frequently in AIDS patients 
(Chudwin et al .. 1987: Simberkoff et al .. 1984) 
and heavy ethanol users (Nelson et al .. 1990) 
than the general population. Streptococcus 
pneumoniae is an encapsulated gram·positive 
diplococcus. It causes most bacterial pneumo· 
nias. Its pneumococcal polysaccharide capsule 
prevents phagocytic activity of PMN and tissue 
macrophages. Resistance to S. p"eumoniae 
infection is dependent upon both the extent of 
complement fixation and induction of opsoniz· 
ing antibody·mediated phagocytosis (Musher. 
1988: Bradlev and Morahan. 19R2) in the 
infected hosl.· Thus. ethanol induced changes 
in the cellular immune function could signifi· 
cantly alter resistance to S. p"eumolllae (espe. 
cially during retrovirus·induced immune dam· 
age) (Nelso-n et al .. 1990). To investigate this 
hypothesis. mice were infected with the retro· 
virus and fed diets containing a variety of 
concentrations of ethanol. Resistance to S. 
plleumoniue was then measured. 

MATERIALS AND METHODS 

Mice alld diet 

Three·hundred and fourteen C57 BU6 
female mice. :<--4 weeks old. were randomly 
assigned to different groups. Five mIce were 
housed in each transparent plastic cage with a 
stainless steel wire lid in a room with 12'12 hr 
light/dark cycle and at a constant humidity of 
20-22"C. One·hundred and fifty mIce were 

injected intraperitoneally (i.p.) with 0.1 ml of 
LP-8M5 retrovIrus inoculum. 

After 2 months. each group of mice was 
fed the lieber-DeCarli liquid diet formula 
(Dyets #71026. Dyets. Inc .. Bethlehem. PA. 
U.S.A.). They contained either no ethanol 
(control) or supplemented with 5%. 6%. and 
7% (v/v) ethanol for 2 weeks. The diets were 
made isocaloric by the addition of dextrin. 
maltose. The daily consumption of the liquid 
diet per cage was measured by inverted gradu. 
ate cylinders. Each graduate cylinder has an 
open·end glass tube that passes through the 
rubber stopper. Diet consumption aIi'd the 
blood ethanol leyel was measured everv 4 hr 
during a 24-hr dark/light cycle. . 

Blood ethallol measurement 

Small amounts (0.1-0.2 ml) of blood were 
collected intraorbitally from each mouse at 
different time intervals in heparinized micro· 
tubes. Serum was separated from blood cells 
by centrifugation. Serum ethanol levels were 
determined by gas chromatography at different 
intervals of the light/dark period. Each mouse 
was used for only one blood sample. One 
microliter of serum was injected into a fiber· 
glass plug on top of a Porpak Q column 
(Alltech Assoc .. Deerfield. IL. U.S.A.) main· 
tained at IRO"C. Peaks were compared to those 
developed by injecting known amounts of 
ethanol into the column. 

Streptococcus pneumoniae rype /11 

Streptococcus pneumoniae type 1[[ was 
obtained from the American Type Culture 
Collection and cultured on Trypticase soy 
broth (DiCeo). After 2 weeks of liquid diet 
treatment. some of the mice from each group 
were injected i.p. with 0.2 ml containing I x 
IO~ colony forming unit per ml of S. pneuma· 
niae type III. The number of colony forming 
units injected was estimated by culture 011 

blood agar. Infected mice were monitored for 
mortality at 4-hr intervals over an 80-hr period 
after infection. The LD~" for S. plleumol/iae 
was determined from initial tnals and chal· 
lenges of untreated mice with different concen· 
trations of bacteria. The number of bacteria in 
the challenge was determined by blood agar 
plate count. It was compared with a MacFarlan 
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standard (Barthold et al .. 1974) by the Clinical 
Microbiology Laboratory of the U niversllY 
Medical Center. 

Di//erellllal blood count 
Smears were prepared using blood collected 

from the axillarv vein of each mouse. Smears 
were stained in Turk's solution (0.01 % crvstal 
violet and 3% acetic acid). Heparinized w'hole 
blood was diluted to 1 :250 and 1 :62.500 with 
isotonic solution using duodilutor. An initial 
1 :250 dilution was run throulZh cell-DYN800 
Coulter Counter automaticailv in order 10 
measure the number of whiie blood cells 
(WBC). 

Statistical melhods 
Two-way ANOVA statistical analysis was 

performed by the Biostatistical Services De
partment of the College of Medicine of the 
University of Arizona. The variables used for 
this analysis include retroviral infection status. 
alcohol level. and white blood cell type. 

RESULTS 

Diet cOlISumpl101I lel'el 
The mice were fed O. 5. 6. or 7% ethanol in a 

liquid diet for :2 weeks. The pattern of diet 
consumption at different time intervals was 
measured for' uninfected (Fig. I) and 
retrovirus-infected mice (Fig. 2) over a 24-hr 
period. For both retrovirus-infected and non
infected groups. the highest consumption of 
the 0% and 5% ethanol diets was observed to 
he during the first" hr of the dark period. Non
infected mice consumed similar amounts of the 
6% ethanol diet during the last 4 hr of the light 
interval. The highest consumption of the 6% 
ethanol diet for retrovirus-infected mice was 
observed at the last light interval. Thereafter. 
fluctuation in the consumption of diet was 
observed with a somewhat lower level of use. 
There was a slight tendency tuwards increased 
levels of diet consumption in the mice infected 
with the retrovirus compared to the non
infected controls. 

0«._ 
20 

---'--' 

---' ----' ~----~ ~==--..q..--~ 

o J}0;'::::~~--:.----l:12--,":-.--:l21:-0 -~2' 
Tlm'ln"rval tHoun' 

Fig. I, Consumption 01 dielary echanol by non·re!rOYcrus. 
infecced mice. Concrol diet: mice were fed concrol Llebcr
DeCarli dlec: eChanol dlec: mice were led lieber-DeCarli 
echanol dcet contalnm~ 5%.6%. and 7% V1Y echanol:" .. 5 

mice per group. 

Effeci of relroviral infection and elhanol 
consumplion on survival afler S. pneumoniae 
challenge 

Infection with S. pneumoniae resulted in the 
death of manv. but not all of the mice. More 
non-retrovirus infected mice fed diets contain
ing 6 or 7% ethanol survived (P < 0.05) than 
controls fed the 0% ethanol diet (Fig. 3). Ten 
percent of the mice fed the 0% ethanol diet 
and 4% of the mice fed the 5% ethanol diet 
survived 80 hr after bacterial challenge. 
However. 38-t2% of mice fed the 6 or 7% 
ethanol diets were alive at the end of the study. 

00,11 Ptftod 

20 I 

o~~----~---~--~--~~~ o 12 16 20 H 

Tim. Interval (Hours' 

Fig. 1, Consumption of dietary echanol m relrU\'lrus· 
Inlecced mice. Concrol diet: mice were led con!rol Lleber
DeCarli diet: echanol diet: mice were fed Lieber·DeCarli 
echanol dlcc contaming S%. 6~' •. and 7% v/v cChanol: /I = 5 

mice per Broup. 

67 



3~8 L. M. SHAHBAZIAN ~I al. 

100 

eo _J 
60 

-ContfOf \ 40 [-
o()o~ ... -, ... ", -, ... 

20 

0 
0 16 Z4 S2 40 .. ~ 604 T;/ 110 

Houri """ 5",,_ ChoIIencje 

Fig. 3. Survival rate of non· retrovirus· Infected mice on 
vanable ethanol diet posH:halienge with S. pl1~umonta~: 
11 .. 10 mice In control group: 11 .. 40 mice an 5%. 6%. and 

7% v/v ethanol diet. 

After S. p"eumo"iae infection. retrovirus
infected mice which had been fed the control 
diet survived better than non-retrovirally in
fected mice. All retrovirus-infected mice fed 
ethanol exhibited a higher mortality than those 
fed the 0% ethanol diet (Fig. 4). In the 
ethanol-fed groups. significantly (P < 0.05) 
more retrovirus-infected mice died. About 
50% of retrovirus-infected mice fed the 0% 
ethanol diet survived 80 hr after infection with 
S. p"ellmollloe: whereas ethanol-fed groups 
had significantly more (P < 0.05) (23-31 %) 
surviving. 
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FiE. 4. Sunwal rate of retrovlrus-Ir.fected mice on \'anahle 
ethanol diet post-challenge with S. pl1t11mOllla~: n = IU 
mice in control group: 11 = 40 numhcr of mice an 5%. /l". 
and 7% v/v ethanol diet: 11 ... '0 number of mice an 6% and 

7°'0 v/v ethanol diet. 

Serttm blood alcohollel'el during light alld dark 
periods of mice fed an ethanol diet 

There was fluctuation in serum blood etha
nol levels of mice fed diets with different 
concentrations of ethanol (Fig. 5). Due to 
increased diet t;onsumption. serum levels were 
lowest at the end of the light cvcle in almost all 
groups. Serum ethanol was 'affected bv the 
amount of the diet consumed and its ethanol 
concentration. 

Blood cell count by COli Iter COllflter 

In mice fed the liquid ethanol diet. the white 
and red blood cell numbers. along with the 
hematocrit and hemoglobin levels were deter
mined prior to the challenge with S. pneumo
lIiae. There was no significant change In red 
blood cell numbers. hemoglobin. or hematocrit 
due to dietary ethanol or retrovirus infection 
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Fig. 5. Blood alcohol level mgldl In serum of non
retrm-Irus and ViruS infected groups on ethanol diel in ~-hr 
inten'als: 11 .. 5 mice/group/interval. Mice "ere bled from 

retro-orbltal SinUS by hepannized capillar)' tubes. 

68 



INFLUENCE OF ETIlANOL IN MURINE AIDS 349 

(data not shown). There was a decrease in the 
white blood cell count in non-retrovirus
infected mice fed the highest concentrations of 
ethanol (6 and 7%). 

Differelllial white cell count 

There were fluctuations in the differential 
count depending on the treatment of mice 
(Table I). In retrovirus-infected mice fed 
ethanol. blood PMN and monocvte counts 
increased in comparison to controls: However. 
in non·retrovirus-infected mice the results 
were more variable. The lymphocyte count de
creased with ethanol consumption regardless 
of retrovirus infection. 

DISCUSSION 

Host defenses against S. pneumolliae include 
production of antibodies specific for the bac
terial capsular polysaccharides. complement 
fixation. and phagocytosis by reticuloendothe
lial cells in the liver and spleen (Chudwin et al .. 
1987). Encapsulated. virulent organisms are 
opsonized by antibodies plus complement and 
removed by phagocytic cells (Simkerkoff et al .• 
1984). Murine retrovirus infection and ethanol 

consumption had profound effects on the 
resistance of mice to S. p"eumomat'. These 
observations are supported by a previous study 
(Darban el al .. 1992) where prolonged murine 
retrovirus infection (producing MAIDS) re
duced S. plleumolliae resistance. Non-retro
virally infected mice fcd high ethanol (6 and 
7%) diets showed a decrease in the total 
number of white blood cells. PMN. and lym
phocytes. Similar changes were found by Jer
rells (Jerrells el al.. 1988). Immunological 
alterations due to retrovirus and ethanol treat
ment cC'Jld explain the changes in bacterial 
resistance. Prolonged high levels of ethanol use 
result in hypergammaglobulinemia of IgG. 
IgM. and IgA (Watson. 1984: MacGregor el 
al.. 1988). Elevated immunoglobulin could 
function with macrophages in reactions to 
bacterial antigens. improving host defenses. 
This would explain the improved resistance to 
the S. pneumoniae shown by mice fed 6 and 
7% ethanol. since phagocytosis directly affects 
resistance to S. pneumolliae. However. the low 
ethanol diet (5%) reduced resistance to S. 
plleumoniae. 

Murine retrovirus infection which proceeds 
to MAIDS has recently been shown to reduce 

Table I. OiCCerenlial white cell coum Crom mice Cej a liqUid die I wilh various clhanol conccntrallons 

OIClal)' elhanol (%) 

Non'lnfecled Relro'1rus mfeclcd 

While 
ccll.I%) 0 5% 6~~ 7°~ 0 !\°o 6% 7% 

Pol)'morphonuclear 1·1.8 1~.2 15.3 17.8 17.2 18A ~8A' 26.4 
IcuktXyle (±5.4) (±6.3) (::4.1) (::12.0) (::12.3) (:: I 1.8) (::9.91 (:!: 11.1) 

Lymphocyle 84.6 84.4 80.9 81.4 81.6 78.4 61.0' 69.7 
(::5.5) (::6.7) (::5.7) (::13.0) (::13.8) (:: 13.1) (::7.7) (::12.9) 

MonocYle 0.6 0.8 1.6 0.8 0.0 2.0 4.0 3.6 
(::O.S) (±0.8) (::1.8) (:: 1.2) (±O.O) (±2.0) (±4 I) (::3.2) 

TOlal while blood 2.4 2.8 1.1': 1.1': 1.2 1.0' Lilt 1.2 
c~lIs )( 10-' (±0.8) (±0.9) ( ::0.3) (±0.4) (±0.6) (:to.5) (:!:OJI (±O.~) 

'SigmrlCanlly differenl (P < 0.05) in number of while cell' from cOnlrol diel fed mice. 
tSigmficanily differenl IP < 0.05) in number ot white cells from Ihe 5 and 7% clhanoi diel group m rClro\'lrus·infccled 
mice. 
;Significanlly diCferenl IP < 0.05) in 10lal WBC number from 5% clhanol diel group. 

Thc mice wcre tcd conlrol. 5%. 6%. and 7% elhanol dici Cor 7 days before Ihe blood samples "'cre colicCled. Oall are 
shown as mcan ± SO. n g 5 mice per 0- and 5% elhanol groups: n a 10 mice per 6 and 7% groups. 
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resistance to Cr,vplosporidium (Darban el al .• 
1991) and cancer (Mohs and Watson. 1990). 
The murine model of retrovirus-induced sup
pression of disease resistance was further ex
tended. Murine AIDS continues to show addi
tional similarities to human AIDS (Chudwin CI 
al .. 1987: Simberkoff el al .. 1984). However. 
we observed that the retrovirus-infected mice 
survived peritoneal challenge with S. pneumo
niae for longer periods of time than non
retrovirus infected mice. Early infection prior 
to development of the immune suppression in 
AIDS did not cause a loss of resistance to S. 
pneumoniae. Enhanced susceptibility to infec
tion and the development of B cell lymphomas 
begins to develop approximately 10 weeks post 
murine retrovirus infection (Chaltopadhyay. 
1989). In addition. development of immuno
suppression would permit normal flora to 
expand. Enhancement in overall bacterial re
sistance. which results in increased activation 
of peritoneal macrophages (Watson el al .• 
1976). is due to nutritional stresses. Perhaps 
this is due to damage of the mucosal surfaces. 
which permits more subclinical infections. 
These infections release more antigens. stimu
lating the monocytes and yielding improved 
potential resistance (Watson el al .. 1976). The 
stresses of lower diet consumption in mice fed 
the high ethanol diets could facilitate increases 
in normal flora which produce antigens for the 
stimulation of monocvtes. The combination of 
retrovirus-induced immune damage and depIc
tion of mucosal lymphocytes (M. Lopez and R. 
Watson. unpublished data) may yield activated 
macro phages more susceptible to ethanol
mediated damage. In the present study. mice 
infected with LP-BM5 retrovirus and fed an 
ethanol diet were more susceptible to S. 
pneumoniae infection than retrovirus-infected 
animals fed the ethanol-free diet. Changes in 
resistance due to ethanol and retrovirus expo
sure could be the result of the combined 
adverse effects on the numbers and function of 
neutrophils. Although less likely. these 
changes could also be due to the suppression of 
cellular and 'humoral immunitv due to a mal
absorption of nutrients (Nilsson el al .. 1991). 

Patients infected with human immunQd~~fi· 
ciency virus have a higher incidence oi iniec· 
tion with opportunistic pathogens. including S. 

pneumoniae (after progression to AIDS) (Mar
till el al .. 1991: Wilt el al .. 1987). ntis agrees 
with a report of increased deaths from S. 
pneumoniae in murine AIDS (Darban el al .• 
1992). Mice also retained resistance early in 
retrovirus infection as shown in the current 
study. 

The murine retrovirus is a good animal 
model for retrovirus-mediated immunosup
pression associated with AIDS (Mosier el al .• 
1985: Mosier. 1986). The retroviral infection 
causes reduction of white blood cells. loss of 
lymphocytes. and defective monocytes and 
macrophages (Nelson el al .• 1990). Retrovirus
infected mice exhibit depressed T helper cell 
functions. which mav be related to B cell 
hyperactivity (Mosier' el al .• 1985: Watson tl 
al .• 1988). Because normal B cell activation is 
dependent upon a series of T cell derived 
Iymphokines (Mosier el al.. 1985). retrovirus 
infection may initially result in T helper cell 
activation. which in turn stimulates 8 cells with 
altered Iymphokine production. Recently it has 
also been shown that murine retrovirus infec
tion suppressed gamma-interferon and in
creased tumor necrosis factor jlroduction 
(Chen and Watson. 1991). 

There was a significant difference in con
sumption of the ethanol and ethanol-free diets. 
There was an inverse relationship between the 
volume of diet consumed and the ethanol 
concentration in the liquid diet. Retrovirus 
infected and non-infected mice consumed simi
lar amounts of each diet over the 24-hr period. 
Reduced diet consumption due to high ethanol 
levels agrees with a variety of studies. including 
those showing that ethanol can have adverse 
effect on nutrient intake. digestion. absorp
tion. transport. utilization. and degradation by 
animals and humans (Mohs and Watson. 1990: 
Watzl and Watson. 1992). The inhibitory effect 
of ethanol on intestinal transport of various 
nutrients is directly dependent on ethanol 
concentration in the diet (Said el al .. 1990). 
Reduction in nutrient intake can result in 
immunoSuppression (Watson and Leonard
Green. 1990). The lieber-DeCarli diet used 
is heavily supplemented to produce significant 
excesses of vitamins and trace elements (Eskel
SOli el U!.. 1990: Lieber and DeCarli. 1989) 
above the recommended daily requirement 
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(Watzl and Watson. 1992). Therefore. nutrient 
deficiencies due to the reduced intake of diets 
with high ethanol levels seem unlikely after 
2 weeks of consumption. The change in disease 
resistance in this experiment is unlikely to 
be due to undernutrition during ethanol 
consumption (Watson el at.. 1976). but rather 
to the direct effect of ethanol or its metabolites 
in modulating levels and functions of lymphoid 
cells (Prabhala and Watson. 1990). 

The level of serum ethanol depends on the 
amount of diet consumed. the concentration of 
ethanol in the diet. and the particular interval 
of dark/light cycle when measured. As the 
concentration of the ethanol in the diet was 
increased. intake of the diet declined. There 
are also some fluctuations in the blood ethanol 
level over the 24·hr sampling period. The 
blood ethanol concentration is regulated by the 
rate of ingestion and the elimination of etha· 
nol. The blood concentration increases when 
the rate of absorption exceeds the rate of 
elimination of ethanol (Ester and Heinemann. 
1982: Derr and Draves. 1990). The presence of 
a hirzh level of ethanol can sometimes reduce 
the overall amount of diet consumed (which is 
the case in the present study). 

Ethanol administration has been associated 
with depletion of circulating leukocytes (Mac· 
Gregor el al .. 1978). In humans. peripheral 
lymphocyte suppression occurs at ethanol con· 
centrations of 50 mg/dl or above (Glassman et 
al .. 1985). High doses of ethanol (6 and 7%) 
can cause a rapid loss of lymphocytes within 1-
2 weeks (Jerrells er al .• 1988). The diet with the 
highest ethanol level in our study resulted in a 
lo ..... er dietarv intake and serum ethanol levels. 
The associaied dehvdration. and loss of food 
could be expected' to produce stress. and 
associated immunomodulation. In non
retrovirus infected mice such stress could ex
plain increased resistance to S. pllellmoniae. 
However. ethanol suppressed S. pllel/moll;ae 
resistance during retrovirus infection. support
inrz reviews which indicate that ethanol is a 
cofactor in AIDS (Pillai and Watson. IY91: 
Pillai el al.. 1991: Watson. 1989). 

ArklloM'ltdgtmtnu - This study was support~d by Grunt 
IIIAAO-IK27. We Rratefullv acknowl~d2C th~ a~mtance of 
M~ Cathy Malle irom UMC Clinical ~"croblolo~v In th~ 
prcparati'on of S. pnrllmOll/ar. • . 
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Chapter 8 

Resistance to Streptococcus pneumoniae Suppressed by Murine Acquired 

Immunodeficiency but Unchanged by Concomitant Binge Alcohol Consumption. 

L. Masoud Shahbazian, Hamid Darban, Dennis S. Huang, Steven Wood, 

and Ronald Ross Watson. 

(Submitted to Alcohol) 

ABSTRACT 

Chronic, heavy ethanol consumption impairs cellular immune functions and 

suppresses resistance to several opportunistic pathogens during Murine AIDS. 

Therefore the concomitant effects of binge (short-term, high concentration) 

ethanol consumption during retrovirus infection on resistance to Streptococcus 

pneumoniae were investigated. Mice were injected with LP-BM5 murine 

leukemia virus to cause Murine Acquired Immunodeficiency Syndrome (MAIDS). 

The number and percentage of macrophage in the spleen of the retrovirus 

infected mice were significantly increased in comparison to non-retrovirus 

infected mice. Binge ethanol consumption by retrovirus infected mice resulted 

in a significant decrease in the splenic MAC-1 + cell number and percentage. 

Binge ethanol consumption by retrovirus uninfected mice showed no significant 

change in number or percentage of splenic MAC-1 + cell than retrovirus 

uninfected mice that received control diet. Resistance to S. pneumoniae was 
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significantly reduced by retrovirus infection, but not by the short-term, binge 

ethanol diet. When the mice were challenged with S. pneumoniae, the mice 

with murine AIDS died sooner than retrovirus uninfected mice. Binge ethanol 

consumption in Murine AIDS did not alter S. pneumoniae death rate. LP-BM5 

murine leukemia virus infection is an excellent murine model which offers 

opportunities to explore the effects of retrovirus induced immune dysfunction 

on disease resistance. 

KEY WORDS: MAIDS, Alcohol, Opportunistic Infection, Streptococcus 

pneumoniae 

INTRODUCTION 

Acquired Immune Deficiency Syndrome (AIDS) is the terminal stage of infection 

with the Human Immunodeficiency Virus (HIV). Progression to AIDS after HIV 

infection can take several years, and may be influenced by immunoregulatory 

cofactors such as ethanol (27). The role of compounds like alcohol in 

progression to AIDS is difficult to study in humans because of ethical, 

economical and logistical considerations (32,33). Unfortunately, non-human 

primates infected with HIV develop few of the abnormalities seen in man, (29) 

in addition, the limited supply and costs of primates have greatly restricted their 

use. 

C57BL/6 female mice infected with murine leukemia virus (MuL V) LP-BM5 



75 

develop Murine AIDS (MAIDS) (2). MuLV infection in mice simulates many 

clinical features of HIV infection in humans (18). These features include 

hypergammaglobulinemia, lymphadenopathy, polyclonal T and B cell 

proliferation, impairment in T and B cell response to mitogen, and susceptibility 

to infection due to immunodeficiency (18,20). Murine (18) and human 

(25,30,24) AIDS causes impairment of cell-mediated and humoral immune 

responses. 

Many viral infections in general can reduce the efficiency of intracellular killing 

by neutrophils and macrophage, rendering the host susceptible to severe 

bacterial infections (23). Individuals infected with HIV are predisposed to a 

variety of opportunistic infections including S. pneumoniae (26,36). Infection 

by S. pneumoniae occurs more frequently in AIDS patients (6) and alcohol use 

is a risk factor for loss of resistance to the bacterium (22). Resistance to S. 

pneumoniae infection is dependent on induction of opsonizing antibody

mediated phagocytosis as well as complement fixation (6). Retrovirus infection 

causes a much faster death rate after S. pneumoniae challenge than in mice 

not infected with retrovirus (7,31). Chronic ethanol consumption increases 

incidence of infection, decreases antibody response, and decreases macrophage 

function (16). It also reduces the mobilization and migration of white blood cells 

and neu:'fOphils (PMN) into inflamed areas (14). Ethanol and other 

immunosuppressive substances appear to act synergistically with Human 
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Immunodeficiency Virus (HIV) to reduce host resistance (7,31) and may 

accelerate progression to immune dysfunction in AIDS (27). The combination 

of murine retrovirus infection and chronic alcohol consumption suppresses the 

survival rate of mice after S. pneumoniae challenge (7,31). Therefore we have 

further characterized the murine model of retrovirus-induced immune 

dysfunction by investigating the role of binge or brief, high levels of dietary 

ethanol on survival after intraperitoneal challenge with S. pneumoniae was 

assessed. 

METHODS AND MATERIALS 

Mice and Diets. Female C57BL/6 mice (Charles River Labs., Boston, MA) 3-4 

weeks of age and weighing about 15 gram. Five mice per cage were housed 

in transparent plastic cages with a stainless steel wire lid in a room at 20-22°C 

with constant humidity and 12: 12 hour light-dark cycle and were provided with 

Purina laboratory chow and water ad libitum. Half of the mice were injected 

with LP-BM5 retrovirus which caused murine AIDS. In the first experiment 

eighty mice (40 retrovirus infected and 40 control) were randomly assigned to 

two different groups. The first group was fed the 7% ethanol (v/v) Leiber

DeCarli liquid diet, while the second group was fed the control Leiber-DeCarli 

liquid diet made isocaloric with sucrose for three days, one day during each of 

weeks 1, 5, and 9. Five mice from each of experiment 1 groups were sacrificed 
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after the 9th week, and their spleens used to determine Mac-1 + cells. The rest 

ofthe mice from experiment 1 were challenged with S.pneumoniae immediately 

after the third binge exposure to ethanol. In the second experiment sixty mice 

(30 retrovirus infected and 30 control) were fed 7% ethanol (V/V) Leiber

DeCarli liquid diet or with the control Leiber-DeCarli diet only for one day at the 

9th week. Then these mice were challenged with S.pneumoniae. In between 

the diet treatments the mice were provided with purina chow and water. The 

Leiber-DeCarli diet used has a 2-46 fold excess of micronutrients which is 

needed for normal growth (35). However, such high micronutrient levels help 

prevent undernutrition and animal mortality in the presence of high alcohol 

levels, they do not model diets and conditions in human alcoholics (35). 

Streptococcus pneumoniae Challenge: S.pneumoniae Type 3 was obtained 

from the American Type Culture Collection. It was cultured on Tryptocase Soy 

Broth (DIFCO), isolated, and 0.1 ml of Ix104 organisms were intra peritoneally 

(ip) injected (3). The mice were observed daily for mortality over a 5 day period. 

The concentration of S.pneumoniae was determined after several initial trials 

and challenges of different groups of mice with different concentrations of 

bacteria. The concentration was set by plate count and by comparing it to 

MacFarlene Standard in the University of Arizona Health Science Center 

microbiology laboratory. The result of plate count was known 24-48 hours after 

preparation and challenge. Thus each challenge did vary somewhat from the 
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previous one in the number of colonies. 

LP-BM5 Murine Leukemia Virus Infection. The mice assigned to the virus 

infected groups were injected intraperitoneally with 0.1 ml of an LP-BM5 

inoculum (3) which had an ecotropic titer (XC) of 3.6 log 10 PFU/ml which 

induced disease with a time course comparable to that previously published (9). 

Infection of adult C57BL/6 mice with the retrovirus LP-BM5 leads to the rapid 

induction of clinical symptomatology with virtually no latent phase 

(2,12,18,19,20,29,33). 

Isolation and Purification of Murine Mac-1 + splenic cells. Spleens were 

individually collected in complete RPMI-1640 medium (RPMI 1640 with 10% 

200 mM L-glutamine, 10,000 u/ml penicillin, and 100 u/ml streptomycin, 

GIBCD) and mononuclear cells were obtained by gently teasing with tweezers. 

Cell suspensions were washed with RPMI, and red blood cells were lysed by 

ammonium chloride solution (Sigma Chemical Co.). The remaining cell 

suspensions were washed once with cold RPMI and counted with eosin V to 

prepare desired variable cell concentrations (1-2 x 106/0.1 ml/tube). MAC-1 + 

cells (macrophage and some B cells) were identified by flow cytometry using 

monoclonal antibody anti-Mac-1 (Rat IgG2b anti-rat-mouse hybrid cells). The 

fluorescein isothiocyanate labeled goat anti-rat immunoglobulin heavy and light 

chain specific (Southern Biotechnical Associates) was used as a second 

antibody. 
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RESULTS 

Effects of Retroviral Infection and Ethanol on Animal and Spleen Weight. The 

mice were provided with 7% ethanol in Leiber-DeCarli liquid diet which has 

many fold excess of micronutrients beyond the requirements for growth (35). 

Binge alcohol fed mice showed similar weight gain to the controls (Table 1). 

However, the increase in size and weight of spleens of the retrovirus group, 

and retrovirus-alcohol treated mice were statistically significant (p < .05). Binge 

ethanol treatment during retrovirus infection did not affect body weight 

compared to retrovirus-infected controls. 

Percentage of MAC-1 + cells Present in the Spleen: The percentage of cells in 

the spleen with markers for MAC-1 + (macrophage and some B cells) increased 

significantly due to retrovirus infection (Table 1). Mice infected with retrovirus 

and fed the control Leiber-DeCarli diet showed significantly higher percentage 

of MAC-1 + cells in their spleen than those fed 7% ethanol Leiber-DeCarli diet 

(p<0.05). Binge ethanol had no effect on MAC-1 + cells in retrovirus uninfected 

mice (Table 1). 

Effects of Retrovirus Infection and Binge Ethanol Exposure on Survival of the 

Mice during Streptococcus pneumoniae Infection: The retrovirus infected mice 

that received three binge alcohol treatments, died slightly faster than retrovirus 

infected mice fed Leiber-DeCarli control liquid diet (Figure 1). In retrovirus 

infected mice fed the control diet, death began at 45 hours post S.pneumoniae 
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challenge, whereas In the non-retrovirus infected group it started at 53 hours. 

All the retrovirus infected mice treated with alcohol died at about 90 hours 

post-infection. The non-retrovirus infected groups responded to bacterial 

infection better, as at 95 hours post bacterial infection approximately one third 

of the mice were still alive (Figure 1). In addition, the three short periods of 

binge ethanol consumption did not affect resistance to S.pneumoniae (Figure 

1) in non-retrovirus infected mice. Interestingly, when the mice were treated 

with a single dose of alcohol the death pattern was completely different (Figure 

2). By about 45 hours post S.pneumoniae challenge all the retrovirus infected 

mice after the single, short binge alcohol exposure were dead. About 95% 

[14/15] of retrovirus infected group which were given single short period 

control diet, died at 100 hours post bacterial infection. The retrovirus 

uninfected mice that were given single short period binge alcohol, survived 

better than those on control diet [6/15 vs 3/15] (Figure 2). Retrovirus infection 

with and without dietary ethanol exposures suppressed resistance to 

S.pneumoniae with an accelerated death rate. 

DISCUSSION 

There was no significant difference in mice body weight among different 

groups (Table 1). However retrovirus infection significantly increased the size 

and weight of the spleen. In previous studies, it was noted that retrovirus 



81 

infection also increase size and weight of other lymphoid organs such as 

thymus and lymph nodes (7,34). There must be actual weight reduction in rest 

of the body organs in retrovirus infected mice, since there was no significant 

change in total body weight. There was a significant increase in the total 

number and percentage of cells with MAC-1 + marker (macrophage and some 

B cells) in the spleens of retrovirus infected mice. There was no significant 

differences in total number or percentage of MAC-1 + spleen cells of retrovirus 

uninfected mice which were given ethanol or control diets. However binge 

ethanol consumption caused a significant reduction in the total number of 

MAC-1 + cells in spleen of retrovirus infected mice while no significant 

difference in percentage of MAC-1 + cells in spleen were observed. This 

indicates that ethanol consumption increased the total number of splenocytes 

in retrovirus uninfected mice (18.81 x1 07 vs 11.84x107 in controls), while 

ethanol consumption in retrovirus infected mice reduced the total number of 

splenocytes (14.0x107 vs 19.14x107 in controls). Macrophage, and Band T 

cell modulation are key components of LP-BM5 retrovirus replication and 

development of Murine AIDS (33). This could explain significant increases in 

the spleen MAC-1 + marker which indicated elevated number and percentage 

of MAC-1 + cells (especially macrophage). However, it is possible that MAC-1 + 

macrophage belong to a subpopulation which is defective in lysozyme secretion 

due to a block in intracellular accumulation of lysozyme (15) or possibly 
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impairment of superoxide anion production (8). Ethanol consumption in 

retrovirus infected mice synergistically decreased the number of MAC-1 + 

marker cells in spleen cell population. 

Host defense mechanism against S. pneumoniae encompasses production 

of specific antibodies against bacterial polysaccharide capsule, complement 

fixation, and phagocytosis by reticuloendothelial cells in the liver and spleen (6). 

Prolonged ethanol consumption by non-retrovirus infected mice results in an 

increased number of mature T and B cells (34). Short term, high dose (7%) 

ethanol consumption in mice resulted in anorexia due to reduced food 

consumption which can itself improve some immune responses (10). This may 

explain improved resistance to S.pneumoniae in normal mice exposed with 

single binge 7% ethanol diet. 

In a previous study, mice fed ethanol chronically had reduced 

macrophage and Kupffer cell functions in vivo including reduced uptake of latex 

particles (35). Impairment of macrophage and kupffer cell functions could occur 

due to deficiency in formation of superoxide anion (8) or reduced lysozyme 

secretion by subpopulation of macrophage exposed to ethanol (15). Damage 

to reticuloendothelial system and polymorphonuclear leukocyte (PMN) activity 

which occur in ethanol treated animals may result in more frequent bacterial 

infection (10,22). Although ethanol impairs above immune functions and cause 

defects, these functions can return to normal after one week of abstinence 



83 

from ethanol (1). This may explain why we observed no difference in resistance 

to S.pneumoniae in non-retrovirus infected mice exposed to binge 7% ethanol 

diet in three time intervals from those that received control liquid diet in same 

time intervals (Figure 1). 

Mosier et a!. have previously concluded that the LP-BM5 murine 

leukemia-induced disease is a good model for profound immunosuppression 

caused by a retrovirus and that the model has considerable relevance for similar 

retrovirus-induced syndromes in humans (2,12,18,19,20). Through use of 

murine models even though they diverge from HIV-1 genetically and 

functionally to some extent, much can be learned about cofactors that could 

affect progression to AIDS (28). LP-BM5 causes proliferation of B cells, poor 

or no response to new antigens, and reduced T cell functions (5). This could 

explain the significant reduction in survival after S. pneumoniae challenge of 

mice infected with the retrovirus. Ethanol has the potential to accelerate the 

progression of LP-BM5 infection to clinical manifestations of Murine AIDS (34). 

This results in accelerated death rate in retrovirus infected mice chronically 

exposed to lower amounts of ethanol and challenged with S. pneumoniae 

(7,31). This lower daily exposure to ethanol over a long period seems to cause 

further loss of bacterial resistance than a high binge exposures done 

infrequently which caused no additional loss of resistance in mice with murine 

AIDS. 
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Spleen cells lose their ability to generate in vitro cytotoxic T lymphocyte 

responses to self and alloantigens 3 to 4 weeks after LP-BM5 retrovirus 

infection. This relates to the defect in CD4 + T helper cells in producing IL-2 and 

deficient proliferation responses to soluble antigens (13,17). The spleen plays 

an important role in host survival to S. pneumoniae challenge (5). The LP-BM5 

infection causes splenomegaly and significant decrease in interferon-gamma 

production by spleen cells in response to a superantigen (35). Interferon-gamma 

plays a key role in host response to bacterial infection, so LP-BM5 retrovirus 

infected mice whose infection progresses to Murine AIDS develop S. 

pneumoniae infection with high death rate (4). 

As the knowledge of the cellular and sub-cellular mechanisms of 

immunosuppression by retroviruses increases opportunities for more rapid 

application to human retroviral infections and treatment will appear. The LP

BM5 murine retrovirus model is useful in such systems to study effects of 

immunomodulatory drugs of abuse, including ethanol, without the many 

complications of human studies. 
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Table 1. Effects of Binge 7% Ethanol on Body, Spleen Weight and Number of 
MAC-1 + cells in MAIDS Mice. 

Treatment Weight (gr} Spleen cells 

~ Ethao.m. ~ Spleen MAC-1 +(107) %MAC-1 + 

1S.0±2.0 0.07 ±0.02ab 1.9 ±O.Sab 15.S±3.P 

+ 19.4±2.5 O.OS ±0.02ob 2.2 ±O.So 11.4±2.5 ftb 

+ 1S.4±1.6 0.25 ± 0.13cd S.1 ± 1.9bcd 42.5 ± 13.2cd 

+ + 19.0±2.4 0.31 ±0.13cd 4.1 ± 1.900 29.0± 15.0d 

Mean ± S.D. of 5 mice per group. Mice fed Leiber-DeCarli (control or ethanol) 
diet at three intervals (1,5, and 9th weeks). 

°Significantly different from virus group (P<O.05). 
bSignificantly different from virus + ethanol group (P<O.05). 
CSignificantly different from control group (P<O.05). 
dSignificantly different from ethanol group (P<O.05). 

Statistic analysis using ANOVA test 
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FIGURE 1. Effect of Three Time Intervals of Binge 7% Ethanol Diet on the 
Survival of mice Challenged with S. pneumoniae 
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FIGURE 2. Effect of Single Dose Binge 7% Ethanol Diet on the Survival of mice 
Challenged with S. pneumoniae. 
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Chapter 9 

Ethanol Alter Antibody Response to Pneumococcal Polysaccharide Type III, and 

Other Immunological Changes in Murine Acquired Immunodeficiency. 

L. Masoud Shahbazian, Steven Wood, Ronald R. Watson 

(Submitted J. Infect. Dis 1993) 

Abstract 

The effects of inoculation of LP-BM5 murine leukemia retrovirus and chronic 

ethanol (4.5% V/V) ingestion on immunomodulation and on serum anti 

pneumococcal polysaccharide type 3 (anti-SSS-III) antibodies in C57BLl6 

female mice were evaluated. Ethanol consumption significantly reduced serum 

anti-SSS-Ill antibody level in virus uninfected mice. LP-BM5 retrovirus infection 

did not change serum anti-SSS-III antibody level in mice. Ethanol ingestion in 

mice did not significantly change natural killer (NK) cell cytotoxicity, while LP

BM5 retrovirus infection significantly increased NK cell activity. Uninfected mice 

fed dietary ethanol significantly decreased release of IL-2 by activated 

splenocytes, while dietary ethanol consumption significantly increased IL-6 

release by lymphocytes. Mice infected with LP-BM5 retrovirus showed a 

significant increase in level of TNF-a and IL-6 secretion by mitogen activated 

splenocytes, while IFN-r and IL-2 production by activated splenocytes were 
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significantly reduced. Ethanol consumption by retrovirus infected mice 

significantly reduced TNF-a and IL-6 secretion by activated splenocytes in 

comparison to virus infected mice fed control diet. These data indicate that 

ethanol consumption and retrovirus infection modulate immune responses and 

may alter host defense mechanism against pathogens such as pneumococcus. 

Key word: Ethanol, pneumococci, anti pneumococcal polysaccharide type 3 

antibody, cytokine, natural killer cell 

I ntrod uction 

Chronic ethanol ingestion causes profound alterations in host defense 

mechanisms which include impaired polymorphonuclear leukocytes and 

macrophages function, leukopenia, immunoglobulins alteration, impaired 

chemotaxis and phagocytosis, reduced serum complement and serum 

bactericidal activity, and decreased cell-mediated immune responses [1,2]. 

Chronic ethanol consumption has adverse effects in immunocompetence and 

predisposes alcohol abusers to a higher risk of infections [2-4]. Alcoholics have 

an increased incidence of pneumococcal pneumonia in comparison with the 

general population [5,6]. 

The profound T-cell deficiency and 8-cell abnormalities are associated with 
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human immunodeficiency virus (HIV) infection [7,8]. Patients with acquired 

immunodeficiency syndrome (AIDS) have hypergammaglobulinemia, and a 

decrease in specific antibody responses to polysaccharide antigens [9]. Defect 

in cellular and humoral immunity in the early stages of AIDS does increase 

incidence of bacterial pneumonia especially for Streptococcus pneumoniae [7-

10]. Pneumococcal bacteremia is seen more frequently in HIV seropositive and 

AIDS patients than general population [10-12]. 

Humoral and cellular immune mechanisms cooperate in the host defense 

against Streptococcus pneumoniae [13,14]. Phagocytosis and intracellular 

destruction of pneumococci by neutrophils and macrophages depend on the 

presence of opsonins such as type specific antibodies and complement [14,15]. 

Ethanol's immunomodulation, synergized with the immunosuppressive effects 

of retrovirus infection could reduce host resistance to secondary infections 

[16]. In order to study effect of ethanol consumption and retrovirus infection 

on host immune system against S. pneumoniae, we have used C57BL/6 mice 

as our animal model. LP-BM5 murine leukemia virus infection in this strain of 

mice simulates many clinical features of HIV infection and eventually develops 

into murine AIDS [17-19]. These features include hypergammaglobulinemia, 

impairment in T and B cell response to mitogen, and susceptibility to 

opportunistic infection such as S. pneumoniae [17-20]. 
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Materials and Methods 

Animals: Female 3-5 weeks old C57BL/6 mice were obtained from the Charles 

River Laboratories Inc (Wilmington, DE). Four mice were housed in each 

transparent plastic cage with stainless steel wire lid in a room of constant 

humidity at 20-22 °C, and exposed to a 12: 12 hours light-dark cycle. These 

mice were kept in the animal facility in the Arizona Health Sciences Center, and 

were given water and mouse chow. After 2 weeks half of the mice were 

infected with Murine Leukemia retrovirus LP-BM5. After two months, mice 

were fed a liquid diet containing an formulation of nutrients recommended by 

the National Research Council (NRC) (#710279, Dyets Inc, Bethlehem, PA). 

Mice were randomly given either liquid NRC ethanol diet (25% of energy 

derived by ethanol), or control NRC liquid diet made isocaloric by substituting 

maltose-dextrin for 7 weeks ad libitum. 

All the mice were injected I.P with 1 pg type III pneumococcal polysaccharide 

(SSS-III), dissolved in 1 ml pyrogen-free saline (Baxter) one week before 

sacrificing mice. We collected blood from mice and separated serum from each 

mouse in order to determine level of anti-SSS III. We also collected spleen from 

each mouse in order to observe alteration in cytokine production in mitogen 

stimulated splenocyte, due to different treatments. 

LP-BM5 Murine Leukemia Retrovirus Infection: The retrovirus was injected 
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intraperitoneally to mice In 0.1 ml with an ecotroplc (XC) of 4.5 log10 PFU/ml, 

which induces Murine Acquired Immunodeficiency syndrome with a time course 

comparable to previous studies ( Watson,1989). 

Anti pneumococcal polysaccharide (SSS-1I1l serum antibody level by ELISA : 

ELISA were performed as described by Elkins (22). The purified SSS-III antigen 

(gift of Dr. Phillip Baker) was dissolved in 0.1 M citric acid buffer (PH 3.5) in 

order to reach 1.0 pg SSS-III per milliliter of solution. Immulon-one 96 well 

plates (Dynatech co. Alexandria, VA) were coated with 100 pi of SSS-III 

antigen solution per well. These plates were incubated over night at 4°C. The 

next day these plates were washed three times with 0.'15 N NaCI + 0.05% 

tween 20. Unbounded sites in these plates were blocked by 200 pi per well of 

1 % bovine serum albumin in 0.15 N NaCI for 30 minutes at 37°C. Plates were 

washed three times. Test sera were diluted 1 :40 with 0.15 N NaCI and 100 pi 

were added to appropriate wells. The last two row of each plate were used for 

measuring standard antibody level. Standard application were started by adding 

100 pi rabbit monoclonal antibody specific for SSS-lil (gift of Dr. Phillip Baker) 

in dilution of 1 :40 and two fold serial dilution of this antibody. Plates then were 

incubated for 90 minutes at 37°C. The plates were washed again, and 100 

pi/well of rabbit anti-mouse Ig solution (Accurate Chemical. Westburg, NY) in 

final concentration of 2 pg/ml was added for another 90 minutes at 37°C. 

Plates were washed, and 100 pi/well horseradish peroxidase-labelled goat anti-
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rabbit IgG (American Qualex. LaMirada, CA) in final concentration of 0.5 pg/ml 

were added for 90 minutes at 37°C. Finally, plates were washed and 100 pi 

of substrate buffer of ABTS (Sigma, in 0.1 M citrate buffer, PH 4.2 containing 

0.03% H20 2 ) were added to each well. Plates were allowed to develop for 20-

30 minutes at room temperature. Optical density was determined at 405 nm 

by Titertek Multiscan (Flow Lab, Mclean, VA). 

Splenocyte preparation: Spleen from each mice were gently teased with forceps 

in RPMI media containing 10% fetal bovine serum (growth media) until single 

cell suspension of splenocyte were obtained. Red blood cells were lysed by the 

addition of a lysis buffer (0.16 M ammonia chloride tris buffer, PH 7.2) at 37 

°C for a couple of minutes. The cells were washed twice with RPMI. The 

number of viable splenocyte were determined by trypan blue exclusion. 

Splenocyte concentration were adjusted to 1 x 107 cells/ml. 

Cytokine production: 100 pi/well of splenocyte from each mouse were cultured 

in 6 wells on 96-well flat-bottom culture plates (Falcon, Lincoln Park, NJ) with 

growth media. Spleen cells were stimulated with 100 pi/well of 10 pg/ml 

concanavalin (Con A, Sigma) for production of IL-2, and IL-4 in 24 hour 

incubation, and IFN-r in 72 hour incubation at 37°C, 5% CO2 incubator. Spleen 

cells were also stimulated by 5 pg/ml LPS (Gebco, Grand Land, NY) for 24 hour 

induction of IL-6 and TNF-a. After incubation, plates were centrifuged for 10 

minutes at 800 g. Supernatant were collected and stored at -70°C until time 
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of assay. 

Standard Cytokines and Their Antibodies: Rat anti-murine IFN-r monoclonal 

antibody, standard recombinant IFN-r, hamster anti-TNF-a monoclonal antibody, 

standard recombinant TNF-a, rabbit anti-murine TNF-a serum, rat anti-murine 

IL-6 monoclonal antibody and recombinant murine IL-6 were obtained from 

Genzyme (Boston, MA). Rat anti-murine IL-4 antibody, biotin-rat anti-murine 

IL-4 monoclonal antibody, and recombinant murine IL-4 were obtained from 

PharMingen (San Diego, CAl. Goat anti-murine IL-6 polyclonal antibody was 

obtained from R&D System (Minneapolis, MN). Rabbit anti-murine IFN-r anti

serum was prepared by our lab as described previously. 

ELISA Assays For Cytokines: The wells of 96-well microtiter plates (lmmulon 

II, Dynatech, Chantilly, VA) were coated overnight at 4 0 C with 50 pi of anti

cytokine capturing rat monoclonal antibody specific for the measured cytokines, 

diluted to 1-4 pg/ml in 0.05 M bicarbonate buffer (pH 9.6). Plates were 

washed one time with PBS (0.01 M, pH 7.2-7.4) containing 0.05% (v/v) 

Tween 20 (PBS-Tween). One hundred pi of 1 % (w/v) BSA in PBS was added 

to each well, and the plates were incubated (37 0 C, 5% CO2 95% air) for one 

hour. Plates were washed twice as above, and 50 pi of standard and sample 

cytokines diluted in culture medium were added. Plates were incubated as 

above for two hours, and washed three times as above. Then, 50 pi of diluted 

rabbit anti-IL-2, TNF-a and IFN-r polyclonal, goat anti-IL-6 polyclonal, and 
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biotinylated rat anti-IL-4 monoclonal detecting antibodies in PBS (1-4 ug/ml) 

were added into each plate. Plates were incubated as above for 1.5 hours and 

washed four times with PBS-Tween. 50 pi of diluted strepavidin-HRP (1 :5000, 

Jackson, West Grove, PA) for IL-4, and goat anti-rabbit IgG-HRP (1 :5000, 

American Qualex, La Mirada, CA) conjugates for IL-2, TNF-a and IFN-r in PBS, 

and donkey anti-goat IgG-HRP (1 :5,000, Jackson, West Grove, PA) for IL-6 

were added to each we". Plates were then incubated as above for one hour, 

and washed five times with PBS-Tween. Finally, 100 pi of substrate buffer of 

ABTS (Sigma, in citrate buffer, 0.1 M, pH 4.2 containing 0.03% H20 2) were 

added to each well, and the plates were allowed to develop for 20-30 minutes 

at room temperature. Optical density was determined at 405 nm by Titertek 

Multiscan (Flow Lab, Mclean, VA). Sensitivity of the ELISA assays for IL-2, IL-

4, 1l.-6, TNF-a and IFN-r were determined to be 156, 156, 300, 156 and 78 pg 

per ml, respectively. No cross-reactions between these measured cytokines in 

the ELISA kits were observed (data not shown). 

Statistical methods: Results are presented as the mean ± SD. Statistical 

differences between parametric data were determined by analysis of variance 

(ANOVA) with 95 % confidence interval. 

Results 

Diet consumption, body and spleen weight: We used NRC diet which is based 
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on nutrient formulation recommended by National Research Council with 25 % 

of calories deriving from ethanol or maltose-dextrin. There were no significant 

difference in diet consumption among different groups (Table 1). Retrovirus 

infection resulted in significant increase in mice body weight in comparison to 

uninfected mice. The body weight of mice fed the diet containing ethanol 

during progression to murine AIDS was not changed (Table 1). Retrovirus 

infected mice have shown significant increase in their spleen weight 

(splenomegaly) in compare to uninfected mice. Ethanol consumption did not 

change spleen weight in mice. 

Anti pneumococcal polysaccharide (SSS-IIIl serum antibody: Serial dilutions 

of affinity purified anti-SSS-lil antibody were reacted with SSS-Ill-coated plates 

and dilution curve for antibody was prepared as described by Elkins [22]. Test 

sera were diluted to 1 :40 by 0.15 N NaCI and anti-SSS-Ill antibody level in 

serum of mice were measured by ELISA and comparing their optical density 

against standard antibody curve in figure 1. Ethanol NRC diet consumption by 

the retrovirus uninfected mice showed significant reduction in serum anti-SSS

III antibody level in comparison to retrovirus uninfected mice fed isocaloric NRC 

diet (Fig.2). There were no significant difference in Serum anti-SSS-Ill antibody 

of LP-BM5 retrovirus infected mice with or without dietary ethanol in 

comparison to uninfected mice fed control isocaloric diet (Fig.2). 

Natural Killer cell cytotoxicity: There were no significant difference in NK cell 
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activity of mice fed NRC diet containing ethanol in comparison to mice fed 

control NRC diet. LP-BM5 retrovirus infection did significantly stimulate NK cell 

cytotoxicity in comparison to uninfected mice (Fig.3). 

Cytokine secretion by spleen cells: All information about influence of ethanol 

and retrovirus infection on IFN-T, TNF-a, IL-2, IL-4, and IL-6 secretion by spleen 

cells were put on table 2. IL-2 and IFN-r are secreted by Th 1 cells, which are 

responsible for cell-mediated immunity against virus infection. In retrovirus 

uninfected mice, dietary ethanol consumption significantly decrease IL-2 release 

by splenocytes as compared with those produced by mice fed control diet. LP

BM5 retrovirus infection resulted in significant decrease in IL-2 and IFN-T 

secretion by mitogen (Con A) stimulated splenocytes as compared with those 

secreted by splenocytes from uninfected mice. Ethanol consumption by 

retrovirus infected mice did not change level of IL-2 and IFN-r produced by 

mitogen stimulated splenocytes as compared with virus infected mice fed 

control diet. IL-4 and IL-6 are produced by Th2 cells, which are responsible for 

humoral responses. IL-6 and TNF-a are released by LPS-induced macrophages 

or B cells. There were no significant change in secretion of IL-4 by spleen cells 

among different treatment groups. Ethanol consumption or retrovirus infection 

significantly increased production of IL-6 by mice splenocytes, however 

combination of two treatment did not reduce IL-6 secretion synergistically. 

Retrovirus infection significantly reduced secretion of TNF-a, while ethanol 
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administration had no significant effect on secretion of this cytokine by mice 

splenocytes. 

Discussion 

The present study investigated the effects of dietary ethanol during murine 

AIDS on anti pneumococcal antibodies, cytokine secretion by splenocytes, and 

other immune functions. Alcohol abusers tend to retain their body weight 

eventhough more than 30% of alcoholics lose lean body mass, and more than 

50% show reduction in fat stores [23]. This could explain lack of body weight 

change in ethanol fed mice, in comparison to mice on control diet (Table 1). 

While severe weight loss and wasting eventually occurs in human AIDS 

patients [24], LP-BM5 infected mice which develop murine AIDS, showed 

significant increase in their body weight (Table 1). This could be the result of 

the enlargement of the lymphoid organs such as spleen, which accompanies 

murine AIDS development. 

Infectious diseases such as bacterial pneumonia are a major cause of 

morbidity and mortality in alcoholics [5]. Alcoholics have an increased incidence 

of pneumococcal pneumonia compared to the general population. Elimination 

of pneumococci from the bloodstream is dependent on opsonins such as 

complement, anti-pneumococcal antibodies, and intact function of the 

splanchnic reticuloendothelial system [25,26]. According to Davis et al [27] rats 
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ingesting ethanol failed to eliminate pneumococci from the bloodstream. The 

reason for defect in pneumococci clearance could be due to reduction in host 

serum anti-pneumococcal antibodies similar to that seen in this study (Fig 2). 

The ability of macrophages to phagocytize through complement C3b and FC 

receptors was significantly impaired in alcohol consuming animals which might 

account for defects in bacterial elimination and host susceptibility to infection 

[28]. 

Cytokines are biologically active polypeptides secreted by mitogen stimulated 

cells such as lymphocytGs, monocytes, and macro phages [29]. Cytokines 

stimulate target cells by acting as intercellular messengers which can regulate 

the immune system by altering growth, mobility, and differentiation of various 

cells [29]. Ethanol ingestion does interfere with metabolism and function of 

cytokine-producing cells and alter immune functions [1,30). HIV-1 infection in 

human and LP-BM5 retrovirus infection in mice, alters many immunological 

parameters including cytokine-producing cellular function [31]. 

Allen et al reported that the plasma TNF and interleukin were significantly 

increased in alcoholic patients [32]. Phagocytosis process which was activated 

by TNF-a, was suppressed by ethanol consumption [33]. However in our study, 

there was no significant difference in levels of TNF-a secreted by activated 

splenocytes from ethanol fed uninfected mice in comparison to those fed 

control diet. Ethanol consumption by uninfected mice significantly increased 
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production of IL-6 by LPS-stimulated splenocytes, which could be result of IL-6 

mRNA expression in ethanol fed animals [30,34]. TNF-a, IFN-r, and IL-6 

secretion in mitogen activated splenocytes were significantly increased by LP

BM5 retrovirus infection of mice. Elevated levels of TNF-a and IL-6 have been 

associated with the generation of oxidants [35] such as superoxide radical, 

hydrogen peroxide, and hydroxyl radicals which can induce the expression of 

HIV in human T cell lines [36] and stimulation of HIV replication in 

macrophages, monocytes, and T cells [37]. Ethanol consumption by LP-BM5 

infected mice significantly reduced TNF-a and IL-6 secretion by splenocytes in 

comparison to those secreted by splenocytes from infected mice fed control 

diet. The IFN-r and IL-2 splenocytes production was significantly reduced in 

retrovirus infected mice in comparison to those from uninfected mice. Ethanol 

consumption by uninfected mice reduced IL-2 secretion by activated 

splenocytes. Previous study confirmed reduction in IL-2 secretion by ethanol 

exposed human mononuclear leukocytes in vitro [38]. 

We concluded that dietary ethanol and retrovirus infection affected 

macrophages, T cells, and B cells and alter level of cytokine such as IL-2, IL-G, 

TNF-a, and IFN-r produced by these immune cells. The altered cytokine 

production, due to long exposure to ethanol or LP-BM5 infection, could 

adversely affect mice immune responses. Information obtained from animal 

models may serve as a basis for the study of the immunomodulation by alcohol 
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in HIV Infected Individuals. 
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Table 1: Effect of dietary ethanol (Et), LP-BM5 retrovirus (VS) infection and 

amount of diet consumed by mice, on their body weight (gr), and their spleen 

weight (gr). 

Vs Et Oiet(ml/day/mice) Body WT(gr) Spleen WT(gr) 

21 ± 7 23.5 ± 1.5 0.08 ± 0.01 

+ 18 ± 4 24.4 ± 1.7 0.06 ± 0.01 

+ - 17 ± 3 28.7 ± 2.7 0.79 ± 0.6511 

+ + 16 ± 5 26.2 ± 2.7 0.84 ± 0.7111 

a = Virus infected mice (VS +) significantly different from uninfected mice (Vs 

-) in either (Et +) or (Et -) groups (P < 0.05) 

n = 8 mice per group 

ANOVA statistical analysis was used for mean ± SO. 
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Table 2: Effect of dietary ethanol (Et) and LP-BM5 retrovirus (Vs) infection on 

level of cytokine production (Pg/L) by mitogen stimulated spleen cells(mean ± 

SD). 

Vs Et INF-T TNF-a IL-2 IL-4 IL-6 

-----_ .. ---------------------------------------------------------------_ .. ---------------_ .. _--------------------

10.1 3.08 2.00 0.19 5.2 

±2.8 ±0.98 ±0.35 ±0.02 ±0.94 

+ 8.1 3.35 1.58b 0.17 7.0b 

±2.3 ±0.56 ±0.15 ±0.01 ±1.22 

+ - 6.20 4.04° 0.69° 0.19° 12.80 

±2.1 ±0.41 ±0.09 ±0.03 ±2.23 

+ + 6.6° 2.73b 0.67° 0.22 10.8o,b,-

±2.3 ±0.89 ±0.07 ±0.04 ±1.70 

a = Virus infected mice (VS +) significantly different from uninfected mice (Vs 

-) in either (Et +) or (Et -) groups (P < 0.05) 

b = Ethanol fed mice (Et +) significantly different from mice fed control diet (Et 

-) in either (Vs -) or (VS +) groups (P < 0.05) 

* = (VS -,Et +) mice significantly different from (Vs +, Et +) mice (P<0.05) 

n = 8 mice per group. ANOVA statistical analysis was used for mean ± SD. 



108 

Figure 1: Dilution curve for affinity purified anti-SSS-lil antibody. Plates were 

coated overnight at 4°C with a solution of SSS-Ill antigen (1 pg/ml) at PH 3.5. 

They were then reacted with known serial concentration of anti-SSS-lil 

antibody, followed by 2 pg/ml rabbit anti-mouse Ig (M + G + A), 1 pg/ml 

horseradish peroxidase-labelled goat anti-rabbit IgG, and substrate. 00406 values 

are shown as a function of concentration. 

3 .-----------------------------------~ 

o 
o 1.95 3.9 7.8 15.6 31.3 62.5 125 

Concentration 
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Figure 2: Effect of ethanol and LP-BM5 retrovirus infection on serum anti-SSS-

III antibody (ng/ml) concentration. 
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b = Ethanol fed mice (Et +) significantly different from mice fed control diet (Et 

-) in either (Vs -) or (VS +) groups (P<0.05) 

* = (VS -,Et +) mice significantly different from (Vs +, Et +) mice (P<0.05) 

n = 8 mice per group. ANOVA statistical analysis was used for mean ± SD. 
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Figure 3: Effect of dietary ethanol and LP-BM5 retrovirus infection on natural 

killer cell cytotoxicity (% in 50:1 ratio of effectors/target cells). 
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b = Ethanol fed mice (Et +) significantly different from mice fed control diet (Et 

-) in either (Vs -) or (VS +) groups (P < 0.05) 

* = (VS -,Et +) mice significantly different from (Vs +, Et +) mice (P < 0.05) 

n = 8 mice per group. ANOVA statistical analysis was used for mean ± SD. 
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Conclusion 

Chronic ethanol consumption adversely affects immune responses and 

predisposes alcoholics to a higher risk of infectious diseases than non

alcoholics. Ethanol's direct immunotoxic effect impairs phagocytosis, 

cytotoxicity, chemotaxis, and the host defense mechanism. Ethanol abuse 

impedes the nutritional status of alcoholics and alters immune responses (2). 

In order to better understand the contribution of alcohol-induced malnutrition 

on immunomodulation, we fed C57BL/6 mice three liquid ethanol diets with 

different levels of dietary nutrients for 7 weeks and investigated changes in 

immune responses. The lieber-DeCarli (LD) liquid diet contained micronutrients 

in concentrations that far surpass the RDA of mice (81). The 100% NRC liquid 

diet contained 100% of all essential micronutrients recommended by the 

National Research Council (81). The third liquid diet (60% NRC) comprised of 

60% recommended micronutrient levels and more resembled the micronutrient 

malnutrition that may appear in alcoholics (3). The 100% and 60% NRC diets 

that received 30% of their energy from ethanol caused significant reduction in 

spleen and thymus weights than energy-restricted pair-fed mice. However, LD 

diet showed no significant difference in spleen weight between ethanol and 

pair-fed animals probably due to the excess micronutrient level of this diet (82). 

Splenocytes from ethanol consuming mice secreted higher concentrations 
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of immunoreactive IL-2 than splenocytes of mice fed isocaloric control diets. 

Ethanol treatment of LD fed mice did not affect interferon-gamma (IFN-r) 

secretion by splenocytes, while IFN-r secretion was enhanced in mice fed 

100% NRC or 60% NRC ethanol diets in comparison to their control diets. This 

indicated that ethanol and nutrient adequacy of diet both modified IFN-r 

secretion. The secretion of immunoreactive tumor necrosis factor (TNF) by 

splenocytes was totally independent of the diet, but suppressed by ethanol. 

Natural killer (NK) cell and phagocytic cell activities were modulated by ethanol 

as well as by diet. NK cell activity was enhanced in mice fed LD-ethanol diet. 

NK cell activity were reduced by energy restricted pair-feeding. Consumption 

of LD control diet in mice resulted in low phagocytic activity , while mice 

consumption of 100% NRC or 60% NRC control diets increased their 

phagocytic activity. Mice fed the diet with the lowest micronutrient content 

(60% NRC) showed the highest phagocytic capacity. The LD-ethanol 

consumption by mice had no significant effect on the splenocytes phagocytic 

activity, while administration of ethanol with 100% NRC and 60% NRC diets 

stimulated phagocytosis. Summary of immunomodulatory effects of dietary 

ethanol were listed in table 1. 

Table 1: Summary of alteration in immune responses caused by ethanol in 

lieber-DeCarli (LD), 100% NRC, and 60% NRC diets in comparison to their 

control diets (no ethanol). 



{increase = t}, {decrease = "}, {no change = -} 

Immune changes by ETOH 

Spleen weight 

Thymus weight 

NK activity 

TNF-a 

IFN-T 

IL-2 

Phagocytosis 

LO 
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t 

t 
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In previous studies, ethanol consumption by young mice resulted in severe 

reduction of spleen cell number (83,84). Ethanol consumption by mature mice 

reduced spleen cell number moderately independent of nutritional adequacy of 

the diet (5). In mature mice total T cells, C04 +, COB +, as well as Mac-1 + cells 

were neither affected by chronic ethanol consumption, nor by the nutritional 

adequacy of the diet. The administration of ethanol with LO (nutritionally 

superoptimal) diet increased the percentage of 8 cells, while ethanol 

consumption with 60% NRC (nutritionally inadequate) diet severely decreased 
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the percentage of B cells when compared to isocaloric control or energy 

restricted pair-fed diet (5). In summary, age plays an important role in 

susceptibility of the spleen to ethanol immunotoxicity (5). We can also 

conclude that lieber-DeCarli diet is not a good diet to use as model for 

immunotoxic effect of ethanol because of very high concentration of many 

nutrients in this diet which might mask immunomodulation caused by ethanol 

nutrient replacement. 

Opportunistic infections and alcohol may serve as a potential risk factor for 

HIV infection and in the progression to AIDS. We assessed that 

immunosuppression induced by ethanol and micronutrient level alteration could 

accelerate progression from HIV infection to AIDS. Mice infected with LP-BM5 

retrovirus infection used as animal model for AIDS (77). LP-BM5 retrovirus 

infection increased total hepatic zinc concentration (85) which might be due to 

decreased zinc-binding protein or thymulin (86). LP-BM5 retrovirus infection 

resulted in significant decrease in hepatic iron level of C57BL/6 mice. We also 

observed significant increase in zinc and iron concentrations per gram of muscle 

in retrovirus infected mice in comparison to uninfected mice. Mice fed dietary 

ethanol showed significant decrease in their heart copper concentration in 

comparison to mice fed isocaloric NRC diet. We observed a significant increase 

in hepatic iron concentration of mice fed ethanol with NRC liquid diet rather 

than isocaloric NRC diet. Higher hepatic iron level in ethanol consuming mice 
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may be result of increased iron absorption due to elevated secretion of gastric 

acid in chronic alcohol abusers (87). Summary of alteration in mineral status of 

mice due to retrovirus infection and consumption of dietary ethanol is listed in 

table 2. These alteration in nutritional status of mice due to LP-BM5 infection 

and administration of dietary ethanol could modulate immune responses and 

interfere with host defense against opportunistic infections. 

Table 2: Changes in hepatic or heart mineral concentration caused by 

retrovirus infection and/or dietary ethanol consumption as compared to 

uninfected, control NRC diet fed mice (ETOH -, Virus -). 

Treatments Hepatic mineral Heart mineral 

ETOH ~ Ee. Zn ,C.y Fe Zn Cu 

+ t + 

+ t t t 

+ + t t t 

Bacterial pneumoniae infection occurs more frequently in AIDS patients 

than in general population (88). Streptococcus pneumoniae and Hemophilus 

influenzae cause most of pneumonias in AIDS patients (89). LP-BM5 murine 

retrovirus infection was used as a model of AIDS. LP-BM5 retrovirus infection 
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and ethanol consumption had profound effects on the resistance of mice to .5.:. 

pneumoniae (59,90). Survival of the mice challenged intra peritoneally with .5.:. 

pneumoniae was suppressed by chronic ethanol consumption (59), but short

term binge ethanol consumption by mice did not change resistance to .5.:. 

pneumoniae in comparison with mice fed isocaloric diet (91). Chronic 

consumption of ethanol by mice reduced number of polymorphonuclear 

neutrophils (PMN) which could explain faster death rate after S. pneumoniae 

challenge (59,92). A decrease in the number of PMN cells in blood due to 

ethanol consumption may be consistent with changes in granulocyte mobility 

and function (83,93,94). The total number of white blood cells decreased as 

serum ethanol concentration increased in the diet. The concentration of serum 

ethanol was affected by the amount of the diet and ethanol level in the diet 

(90). Retrovirus infected mice died faster after challenge with S. pneumoniae 

than non-retrovirus infected mice (59,91). There were significantly fewer 

lymphocytes and more neutrophils and monocytes in retrovirus infected mice 

than non-retrovirus infected mice (90). Retrovirus infected mice fed diet 

containing high concentration of ethanol (6% or 7% Volume/Volume) for a 

short-term (2 weeks) exhibited a greater resistance to S. pneumoniae infection 

than mice fed diets with low concentration (5%) or no ethanol. Chronic ethanol 

consumption resulted in significant reduction of serum anti pneumococcal 

polysaccharide antibody (99). Anti pneumococcal polysaccharide antibody is 
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important part of host defense mechanism against Streptococcus pneumoniae. 

S. pneumoniae antigen immunization improved survival of the mice infected 

with S. pneumoniae. Vaccination and adoptive transfer of immunocompetent 

splenocytes played an important role in delaying the death rate in all treated 

groups challenged with S. pneumonia.e (59). 

In conclusion, the nutritional adequecy of diet and chronic ethanol 

consumption altered immune functions. Retrovirus infection resulted in severe 

alteration of host immune responses which decreclses host resistance to S. 

Dneumoniae. 
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