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SUMMARY 


 


INTRODUCTION 


The effects of concurrent administration of ethanol and chloroquine in the presence of protein malnutrition 


were investigated, using the male Sprague-Dawley rat as a model. This experimental condition mimicked the 


prevalent condition (concomitant presence of ethanol, chloroquine and malnutrition) in the malarial endemic, 


impoverished and malnourished communities in the Third World countries. The varying effects of these 


treatment combinations on haematological, as well as some select biochemical and testicular parameters were 


studied in order to assess their impact on the health of rats. The results could give an insight into what might 


be happening in humans, under similar conditions.    


 


MATERIALS AND METHODS 


 Two groups of adult male Sprague-Dawley rats, placed either (ad libitum) on normal protein (NP, 15%) or on 


low protein (LP, 6%) diets (malnourished group) for 40 days were used for the study. During the experiments, 


rats were sacrificed at 4 spatio-temporal periods of 4 equal phases, at 10 day intervals. Chloroquine (Q) 


(10mg,kg-1 body weight per rat) was administered intramuscularly, on days 0, 10, 20, and 30 to all the NP anf 


LP treated groups (NPQ and LPQ, i.e. normal and low protein chloroquine groups) while 6% E, in drinking 


water, was provided ad libitum to all the (NPE, LPE i.e. normal and low protein ethanol groups). Similarly EQ 


were administered to NPEQ and LPEQ (i.e. normal and low protein ethanol-chloroquine) rat groups. The 


control groups placed on normal protein (NPC) or low protein (LPC) received the appropriate food ad libitum 


throughout the period of treatment. At each spatio-temporal period, blood samples were collected for 


haematological and biochemical analyses. Also, various organs were harvested from the experimental animals 


and their weights recorded.  Tissues obtained from both right and left testes were processed routinely and 


stained with hematoxylin and eosin (H&E) for histological study. Evaluation of the testicular tissue cytology and 


histological measurements as well as volumetric proportions of various testicular tissue components, were 


carried out, using two different but functionally similar image analysis systems: a Carl Zeiss Axiovision 2.05 


light microscope fitted with a digital camera and a KS 300 Imaging System, Vol. 1 [Carl Zeiss vision GmbH, 
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Germany], and an Axioplan Universal research microscope – transmitted light and incident light fluorescence 


microscope – Carl Zeiss Jena GmbH [Carl Zeiss vision GmbH, Zeiss Groppe, Germany], connected by means 


of an Olympus, IEEE 1394A colour view III camera [Olympus Soft Imaging Solutions, GmbH, Germany] to a 


computer. In each of them, the images were each captured with the colour view camera on to the computer 


screen and processed using digital image analysis Software applicable in each case.  


 


Analyses  


The haematological analysis included a complete blood count performed for each blood sample. Leucocyte 


(WBC) and erythrocyte (RBC) counts were determined in an electronic cell counter. The haemoglobin (Hb) 


and haematocrit (PCV) values were determined by the cyanomethaemoglobin and microhaematocrit methods, 


respectively, using the commercial Zap-o-Globin Reagent. The mean corpuscular volume (MCV), mean 


corpuscular haemoglobin (MCH), and the mean corpuscular haemoglobin concentration (MCHC) were 


calculated from the haematological data obtained. The platelet count and differential leucocyte counts were 


also determined.  


 


The biochemical analysis included the activities of serum alkaline phosphatase (ALP) and alanine 


aminotransferase (ALT). The concentrations of total protein (TP), albumin (Alb), creatinine, and urea were 


determined, using standard kits, in an autoanalyser. Serum globulin (Glb) was derived as the difference 


between the total protein and albumin. 


 


The morphometric measurements (parameters) on the testis included the thickness of the testicular capsule 


and the areas of seminiferous tubules, nuclei of Leydig and Sertoli cell’s; and the diameter of Leydig and 


Sertoli cell’s nuclei, by measuring the long and short axes. The stereological evaluation included the volume of 


seminiferous tubules (points on epithelium and lumen) as well as separate counts of points on the 


seminiferous epithelium alone, the lumen of the tubules alone, interstitial tissue and points on the space 


between the tubules and interstitial tissue. The primary spermatocytes only were also separately counted, 


without categorizing them into leptotene, zyotene and pachytene stages. The numbers of Leydig and Sertoli 


cells were also separately counted. All the procedures, above, were carried out in each of the eight (8) 


treatment/experimental groups at each period of sacrifice.  
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RESULTS 


In all the parameters considered, the values were generally lower (p < 0.05) in LP- than in NP- treated rat 


groups. Protein malnutrition, ethanol and/or chloroquine administration caused decreases in relative organ 


weights in all the treated groups compared with NPC. However, a greater decrease in the parameters was 


recorded in LPEQ rats, in comparison with NPEQ rats. Furthermore, significant (p < 0.05) reductions in the 


parameters were recorded in LPEQ rats relative to other LP treated rats. Although the body weight of LP 


treated rats (LPE, LPQ, LPEQ) were significantly (p < 0.05) reduced when compared with LPC rats, the LPEQ 


rats had actually lost some weight at 40d relative to LPE, LPQ, and in contrast to NPEQ rats.  


 


The analysis showed that ethanol or Q treatments and protein malnutrition, independently and significantly (p < 


0.05), generally depressed haematopoiesis and produced significant (p < 0.05) reductions in the values of 


some of the haematological parameters, viz RBC, Hb, PCV, MCV, MCH and platelets, irrespective of the 


dietary protein status. Although these values were lower in LP- than in NP- rat groups, the lowest values in 


these parameters were recorded in the LPEQ rats at 40d compared to all other treated groups.  


 


The WBC and lymphocyte counts were elevated spatio-temporally in all treated groups (except at 20d in NPE, 


10d, 30d to 40d in NPQ, at 10d in NPEQ rats for WBC count and at 10d to 30d in NPE, 10d, 20d in NPQ and 


10d to 20d in NPEQ rats for lymphocyte count) compared with the NPC rats, and in LP than in NP rats. Also, 


the values in LPE, LPQ and LPEQ rats were also significantly (p < 0.05) lower spatio-temporally, compared 


with the LPC rats. Furthermore, significantly (p < 0.05) elevated WBC count was recorded in the LPEQ rat 


group, at 40d, while lymphocyte counts were reduced in LPEQ rats, compared with LPC rats. Also, the 


neutrophil counts in the LPEQ rat group, were significantly (p < 0.05) lower spatio-temporally compared with 


LP treated rats, which could have immunological implications in the LPEQ rats. The changes in NPEQ rats 


were not significantly (p < 0.05) different from those of the NPC rats.  


 


The reductions in TP, Alb and globulin recorded in LP rat groups were greater than in NP treated rats, and the 


values were significantly (p < 0.05) lower in all the treated groups compared with NPC rats. The lowest level of 
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TP and Alb was recorded in the LPEQ rat group, while globulin was lowest in LPE rats. The activities of ALP 


and ALT were significantly (p < 0.05) increased in all the treated groups compared with control groups. The 


increased activities were synergistically accentuated in NPEQ and LPEQ rat groups, albeit at a greater level in 


LPEQ rat groups.  Urea and creatinine levels showed similar trends.  


 


With regard to the testis, there were volume and dimensional changes, in all the treated rat groups, 


characterized by significant (p < 0.05) decreases in seminiferous tubular diameter (STD), seminiferous 


epithelial height (SEH), Leydig cell nuclear diameter (LCND), Sertoli cell nuclear diameter (SCND), area of 


seminiferous tuble (AST), area of Leydig cell nucleus (ALCN), area of Sertoli cell nucleus (ASCN) and area 


of spermatogonia (ASG), and increases in testicular capsule thickness (TCT), relative to the control groups. 


The microstereological evaluations also showed significant (p < 0.05) decreases in the volume proportions of 


seminiferous tubule (ST), seminiferous epithelium (SE), interstitial tissue and cells (IT), and increases in the 


relative volume of seminiferous tubular lumen (STL) and interstitial space (IS) of the treated rat groups (NPE, 


NPQ, NPEQ, LPE, LPQ, LPEQ), when compared with the control groups. These changes were greater in LP- 


than in NP –rat groups, and were significantly (p < 0.05) lower in LPEQ rat groups compared with other treated 


rat groups.  


 


CONCLUSION 


1) It was concluded that the adverse effects of the administration of E, Q or both combined were enhanced in 


the LP dietary intake, especially in the LPEQ rat group.  


2. The interactive adverse effects of the two drugs (E, Q) were generally ameliorated in rats placed on the 


normal protein diet. 


3. A synergistic interaction exists between LP and a combination of E and Q in the body, but the toxicity of 


these chemicals on the testis (E, Q or EQ combined) develops gradually, irrespective of the dietary regimen. 


4. The morphometric and stereological changes (toxicological effects) observed in the testis, due to the 


treatment combinations, may lead to conditions of reduced fertility or infertility in the animal.  


5. The results generally suggest that the low protein levels in the feed as well as chemical treatments are 


capable of compromising the immune system of the animals, in addition to affecting adversely the physiologic 
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and biochemical functions, especially in the combined treatment group (placed on low protein feed and 


administered alcohol and chloroquine).  


6. The result has revealed obvious health implications which require the attention of clinicians. Although, this 


study was not on humans, it affects humans only at the realm of speculation and extrapolation. However, since 


the anatomy and physiology of the rat and humans are homologous, similar effects may be speculated. 


Therefore, studies in human need to be carried out for definitive statements, but the results should advert the 


minds of clinicians to possibilities that are not unrelated to those observed in this study, on the rat. 
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STRUCTURAL ORGANIZATION OF THE THESIS 


This study has been organized into chapters representing the different aspects of the entire work. Each 


chapter contains its own list of references cited. 


(a). Chapter 1 encompasses, the general introduction which is subdivided into the following viz:  


● The background to the study, aims and objectives of the study,   


● General literature review for the study.  


 


(b). Chapter 2 discusses the methodology, including the materials used, experimental protocols, and the 


scientific principles of morphometry and stereology applied in the study as well as the statistical 


methods/packages applied and the ethical considerations. 


 


(c). Chapter 3 (results), details the haematological, biochemical and testicular effects of the treatments. 


 


(d) Chapter 4, presents the discussion for each of the sections (haematological, biochemical and testicular 


effects) following after the format in chapter 3. 


(e) Chapter 5, conclusion   
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DEFINITIONS 


 


Drugs 


Drugs are biologically active substances or compounds that alter the physiological state and functioning of 


living organisms. In this context, drugs encompass not only synthetic or naturally occurring chemical products 


but also hormones, neurohormones and substances administered for therapeutic purposes.  


 


Multiple drug therapy  


The administration of more than one drug concurrently is often referred to as poly-drug use or multiple drug 


therapy.  


 


Homergic drug effect describes a condition when two drugs produce the same overt effects. It may be a 


summation of effect if the combined effects are equal to the sum of their individual effect, or additive effect, if 


their combined effects equal the effects expected for drugs acting by the same mechanism.  


 


Heterergic drug effect occurs when only one of the two drugs produces a given effect. This effect may be 


synergistic where the combined effects of the drugs are greater than those of the active component alone.  


 


Homodynamic drug effect is when drugs produce a given effect by means of the same action or mechanism, 


that is, they are agonists at the same receptors.  


 


Heterodynamic drug effect is said to occur when drugs produce the same effect by different actions or 


mechanisms. 
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 CHAPTER ONE 


 


1 INTRODUCTION 


 


1.1 BACKGROUND TO THE STUDY 


Health and healthy living, as well as poor health are intricately linked to nutrition since nutrition has been 


recognized as central to the normal functioning of all bodily processes concerned with healthy life. Numerous 


reports in the literature have indicated that alterations in diet have strong effects, both positive and negative, 


on health throughout the life time of the subject1-3.  Hunger and malnutrition remain the most devastating 


problems facing the majority of the world‟s poor and needy, with poverty and inequity being the root causes of 


malnutrition1. Furthermore, the World Health Organization (WHO) has cited malnutrition as a major health 


problem in developing countries2.  


 


Africa is larger than all of Europe, the U.S.A., India, Japan and New Zealand, put together, and represents a 


considerable proportion of what is euphemistically referred to as the developing countries3. Hunger and 


malnutrition in Africa have been on the increase since the 1960s, and in the 1970s, roughly about 30 million 


people were directly affected by famine and malnutrition in Africa4. Protein malnutrition, a state in which the 


body‟s need for protein is not satisfied by the diet, is one of the most common forms of malnutrition in 


developing countries, affecting over 100 million people 4-6. The problem of malnutrition is made worse by 


inadequate food (grossly deficient in protein) intake which is an offshoot of poverty, inequity and ignorance 1,2. 


Thus, malnutrition constitutes considerable medical and social problems in the developing countries2.  


 


Incidentally, several developing countries are endemically infested by malaria parasite and malaria infection. 


Malaria has been cited as the most important parasitic infection of man, affecting about 5% of the world‟s 


population, and records a yearly mortality of 0.5 to 2.5 million, in the tropics7.  Most of the developing countries 


(particularly those in the tropics) have been classified as malaria-endemic zones, and chloroquine (the drug of 


choice for malaria treatment and prophylaxis) is indiscriminately administered to patients without regard to their 


nutritional status5. Because chloroquine is the drug of choice for chemosuppression and radical cure of malaria 


in these malaria-endemic communities of the developing countries (primarily because it is cheap, rapidly 


effective and readily available) 8,9, the drug has been commonly abused and is still being abused. Ihenacho 


and Magulike (2008)10 reported the abuse of chloroquine among Africans living in a malaria-endemic 
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community in Nigeria. Also, in Western Uganda, misuse/abuse of drugs such as chloroquine through self 


medication constitute about 87.2 – 94.6% of drug use11. Additionally, it has been reported that malarious or 


rheumatoid arthritic individuals / patients undergoing chloroquine treatment, on a prolonged basis, also tend to 


consume alcohol regularly12. Alcohol (the ethanol variety/form) remains one of the most commonly abused 


substances in Africa13,14, and the world in general. The concurrent intake of chloroquine and ethanol in the 


presence of low protein diet (i.e. protein-deficient diets) is therefore not uncommon in these regions of the 


world and may constitute a serious health problem, especially in sub-Saharan Africa. In spite of the emergence 


of chloroquine-resistant malaria parasites, chloroquine has remained the drug of choice for malaria treatment 


and prophylaxis in malaria-endemic sub-Saharan Africa9,10. The lack of quantitative data on the impact and/or 


interactive effects of combined administration of ethanol and chloroquine in the face of protein malnutrition 


necessitated this study, using the rat as a model. The interaction between these factors (ethanol, chloroquine, 


low protein diet) may modify the effects of these drugs and have an impact on health. 


 


AIM OF THE STUDY 


● To establish the effects of combined administration of chloroquine and ethanol in protein malnutrished male 


rats, using biochemical, haematological and testicular function as parameters. 


 


OBJECTIVES OF THE STUDY 


● To determine the haematological parameters (RBC, WBC counts, HB, PCV, MCV, MCH, MCHC) in the 


experimental animals, and document the changes due to treatment. 


● To determine the values of some select serum biochemical parameters (total protein, albumin, globulin, 


serum alkaline phosphatase (ALP) and alanine aminotransferase (ALT), urea and creatinine) in the 


experimental animals, and document the changes due to treatment. 


● To determine the changes in testicular structure and therefore function (microstereological and 


morphometric indices) due to treatment.  


● To determine possible adverse effects of this treatment in rats, which may apply to humans, with   identical 


anatomy and physiology as the rat.  


 


 


HYPOTHESIS 


● Concomitant administration of ethanol and chloroquine adversely affects haematological, serum biochemical 


and testicular parameters in protein malnourished male rats. 
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1.2 LITERATURE REVIEW 


 


 


1.2.1 MALARIAL INFECTION 


 


In malaria-endemic communities, the African region has the largest number of people exposed to malaria 


transmission and, accordingly, has the highest morbidity and mortality, due to malaria, in the world15,16. For 


instance, an estimated 7.5 million cases of malaria and 35,000 resultant deaths are reported annually in 


Sudan, making malaria the leading cause of morbidity and mortality in this country17.  Furthermore, malaria 


infection globally results in about 300 – 500 million clinical cases annually18, with more than 90% cases 


occurring in sub-Saharan Africa19. About 110 million clinical cases occur annually, with almost 1million deaths 


yearly15,20 in these malaria-endemic communities, indicating that malaria is widespread in tropical and 


subtropical countries18,19,21-23. In most of the malaria-endemic African countries, chloroquine, a well-


characterized, inexpensive, easily available, and well-tolerated drug with a rapid onset of action24,25, still 


remains the first-line drug for prophylaxis and treatment of malaria21,26,25, although resistance of the malarial 


parasite against chloroquine has emerged, in some of the endemic countries27-29. Additionally, chloroquine still 


remains the anti-malarial drug of choice30, especially in regions with no known resistance31 and areas with high 


communal immunity32.  


 


While chloroquine is most widely used for the treatment and prevention of malaria26,33, it has also been shown 


to have immunomodulatory properties that have encouraged its application in the treatment of autoimmune 


diseases, including rheumatoid arthritis34, systemic lupus erythematosus21,35, diabetes36, amoebic hepatitis37, 


and viral infections34. Additionally, chloroquine inhibition of pro-inflammatory cytokine release into the human 


blood may be beneficial, therapeutically, during chronic inflammation as well as in conditions of bacteria-


induced inflammation38. 


 


 


1.2.2 COMBINED PRESENCE OF CHLOROQUINE, ETHANOL AND LOW PROTEIN DIET IN THE BODY  


 


It is well established that malaria is wide-spread in tropical and subtropical countries18,19,21,22,23, and 


chloroquine is the specific antimalarial drug for malaria treatment and prophylaxis39. Because of the wide-
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spread nature of malaria in these developing countries, the use of chloroquine is highly abused10 through self 


medication11 as well as by prescription as reported by Adelusi5. Incidentally, these malaria-endemic countries 


are poverty-stricken and therefore highly malnourished5. It has also been reported that individuals on 


chloroquine therapy for prophylaxis and/or treatment of malaria drink alcohol/alcoholic beverages (also a 


highly abused drug13,14) regularly12. As a result, there is concurrent presence of malnutrition (due to intake of 


protein deficient diets), chloroquine (for treatment of malaria) and alcohol in the body, and this is synonymous 


to multiple drug therapy. This condition will lead to drug-drug-nutrition interactions, which is usually associated 


with a modification of drug action, with resultant attenuation, increase or otherwise of the adverse and/or the 


desired/beneficial effects of one or all of the drugs.    


 


 


1.2.3 DRUG INTERACTION 


Drug-drug interactions occur in multiple drug therapy when two or more drugs, concomitantly present in the 


body, react with each other, and consequently modify the pharmacokinetics (which concerns absorption, 


distribution, metabolism, and excretion of a drug), and pharmacodynamics (which concerns the association 


between the drug and its receptors, its mechanism of action and therapeutic effect), and hence the efficacy, or 


toxicity of one of the drugs40,41. Thus, the diagnostic, preventative or therapeutic action of a drug may be 


modified in or on the body by another exogenous chemical/drug (interactant) when concomitantly 


administered. The interactant may be another drug that is therapeutically administered, alcohol, foods, 


possibly food additives, environmental chemical agents, cannabis and tobacco, etc40,42.  


 


Modification of drug action (by drug-drug and/or nutrition/food interaction) may produce planned and 


unplanned beneficial effects as well as unplanned and unexpected adverse effects. Drug interaction may 


enhance, diminish or eliminate either the adverse or beneficial effects of one of the drugs or produce new 


ones. Hence alteration of drug action or activity by this means (i.e. presence of another drug) comprises 


complex and significant aspects of drug therapy and medical research42,43.  


 


The impact of an interaction on patient response may or may not be medically significant depending on the 


nature and intensity of the interaction. The effects of an adverse drug interaction may be reversible and leave 


no serious after-effects or may be irreversible and leave a permanent damage. These effects may be dose-


dependent or related to individual susceptibility42. It is against this background that this research was designed 


(using the rat as a model), and patterned to mimic the prevailing conditions in malaria-endemic sub-Saharan 
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Africa, where a combination of alcohol, indiscriminate and therapeutic use of chloroquine occurs in the 


presence of wide-spread protein malnutrition. 


 


 


1.2.4 EFFECTS OF COMBINED DRUG ACTION 


The effects of combined drug action can be classified into three broad types44, as follows: 


 


1.2.4.1 Addition of effects 


An additive effect occurs when the combined common effect of two or more homergic, homodynamic drugs, 


given concomitantly, is greater than the expected action for one of the drugs acting alone. The result of 


addition of the common effects produced by the drugs may be less than (infra-addition), equal to (simple-


addition), or more than (supra-addition) that produced by simple summation of their individual effects42,43.  


Summation of effects occurs when all the effects of two or more drugs (homergic, heterergic, homodynamic or 


heterodynamic) are equal to the sum of the individual effects that are produced when drugs are administered 


alone. This occurs when several drugs administered simultaneously exert their individual effects independently 


without any interaction or alteration of each other‟s intensity of effect. Therefore, drug interaction is not 


necessarily present as simple addition or summation of effects but may be present as infra-addition (inhibition) 


and supra-addition (potentiation) of those effects42. 


 


1.2.4.2 Inhibition of effects 


This term, in its broad sense, may include antagonism, infra-addition or any type of drug interaction that occurs 


when a substance given either previously, concurrently or subsequently, partially or completely prevents a 


drug from exerting its action and producing its full effects in a patient. The mechanisms involved may include 


enzyme induction, if the metabolites are more active than the original drug42. 


 


1.2.4.3 Antagonism  


This is the result of a reversible or irreversible chemical or biological interaction which is characterized by 


decreased drug effects. This occurs when the action or activity of a drug (agonist) is blocked by that of another 


drug (antagonist) with a nullifying action. Certain antagonists are used to minimize side effects and for their 


antidotal action. Biological (metabolic) antagonism occurs when a substance (an antimetabolite or enzyme 


antagonists) competes in an enzyme system with a drug that acts through that system45.46. 
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1.2.4.4 Potentiation of effects 


This term refers to the enhancement of the effect of a drug by another substance which may be called an 


adjuvant. A potentiating adjuvant may increase the rate of absorption or distribution or it may increase the 


intensity of binding at receptors. It may maintain high blood levels and therefore prolong the duration of action 


of drugs by decreasing the rates of metabolism and excretion from the body. Such adjuvant may or may not 


possess any intrinsic physiological activity. In some instances the term may be used as a synonym for 


synergism or supra-addition or enhancement of the effects of a heterergic drug47. 


 


 


1.2.4.5 Synergism  


This is a type of potentiation that occurs when the combined effect of two or more drugs acting simultaneously, 


is greater than the algebraic sum of the individual effect that is produced when each drug is administered 


alone,42,43,48.  


The above types of drug interactions may have either beneficial or adverse effects.  


 


 


1.2.4.6 Adverse drug interactions 


An adverse drug interaction occurs when the action of a drug is potentiated, inhibited, or otherwise modified in 


the patient by an interactant/another drug so that the unfavorable response to the drug is elicited. The 


drug/interactant may be a prescribed or an over-the counter medication taken previously (perhaps with 


prolonged action and still lingering in the body), or one taken concurrently or subsequently. It is not always 


easy to avoid unsafe combinations of drugs. A drug may so sensitize the patient that long after it is withdrawn, 


an interacting drug may elicit a strong reaction. For instance, nalorphine may induce a strong reaction up to 


three months following morphine withdrawal43,49.  


 


 


1.2.4.7 Beneficial drug interactions 


Some drug interactions may be desirable and intended. These occur when a combination of medications 


produces improved therapy; perhaps a greater margin of safety, more appropriate onset or duration of action, 


lowered toxicity, or enhanced potency with diminished side effects. Occasionally, patients are given several 


drugs because they definitely require intensive multiple drug therapy to correct a very serious condition42,43. 
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1.2.5 CHLOROQUINE AND DRUG METABOLISM 


 


Chloroquine (Q), a tertiary amine weak base, is rapidly taken up from the circulation by several tissues 


including the liver, spleen, kidney and uterus50,51. It is metabolized by oxidative deamination, elimination of the 


side chain, and N-oxidative pathways21. Chloroquine is appreciably oxidatively degraded (de-ethylated) to the 


main metabolite, mono-desethylchloroquine (making 30-40% of blood chloroquine concentration); and to 


bisdesethylchloroquine (a carboxylic acid derivative and counts for 5-10% of blood chloroquine 


concentration)52. Reports in literature suggest that chloroquine is metabolized in humans by enzyme isomers 


CYP3A, CYP2C8, and CYP2D6 of cytochrome P-45024,53,54. In addition to the therapeutic uses of chloroquine 


(treatment of malaria, rheumatoid arthritis, diabetes, systemic lupus erythematosis etc)33,36,55, chloroquine has 


been shown to have other effects that potentially may modulate drug metabolism and cause drug-drug 


interaction since it is generally used in combination with other drugs56. These effects include, inhibition of drug 


metabolism57-59 by inhibiting drug metabolizing enzymes both in vivo and in vitro60, reduction in co-factors that 


may be important for drug metabolism61, and inhibition of protein synthesis62,63. It has also been shown that the 


uncoupling (Q as uncoupler) action of chloroquine on oxidative phosphorylation reduces cytochrome aa3 and 


b content; and negatively affects mitochondrial energy transduction in vivo64, and modifies the phospholipid 


composition of microsomes58. Additionally, chloroquine inhibits CYP2D6 enzyme isomer in rats57 and 


humans56 and reduces mitochondrial NADH dehydrogenase, succinate dehydrogenase and cytochrome C 


oxidase activities in rats65. Thus, chloroquine modulation of drug-metabolizing enzymes suggests a potential 


for drug-drug interactions when co-administered with other drugs that are substrates for these enzymes. The 


clinical significance of such an interaction cannot be over-emphasized since chloroquine is generally used with 


other drugs, incidentally, especially with ethanol amongst patients while undergoing malaria treatment12.  


 


 


1.2.5.1 Chloroquine administration with other drugs 


The increasing resistance of malarial parasites to chloroquine and other antimalarial drugs such as 


sulphadoxine/pyrimethamine has led to the development of a combination therapy involving chloroquine and 


other drugs, in order to increase chloroquine therapeutic efficacy and protection against resistant strains21,66,67. 


Such combination therapy includes chloroquine -proguanil, -methylene blue, -primaquine, -sulfadoxine-


pyrimethamne, amongst others17,67,68,69. Chloroquine may also be administered with calcium channel blockers 


(i.e. verapamil), tricyclic anti-depressants and anti-histamines, resulting in the maintenance of chloroquine 


blood levels and hence a reduction in therapeutic failure in chloroquine-resistant Plasmodium (P). vivax 
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infection21,70.  It has been suggested that the discreet application of other drug combinations with chloroquine 


may avert development of resistant strains71,72, however, a report indicated that combination therapy does not 


necessarily prevent development of resistance by malarial parasites16.  


 


Apart from the above combination therapies for the treatment of malaria, chloroquine is also used in 


combination with other drugs such as paracetamol, ibuprofen, and aspirin, in renal function disease, but, with 


exacerbation of renotoxicity of chloroquine73,74. It has also been used in combination with methotrexate in 


rheumatoid arthritis treatment, with good efficacy but increased toxicity75, with ascorbic acid resulting in slight 


hepatotoxicity at recommended dose76, rifampicin in malarial treatment with significant reduction in choroquine 


efficacy31, zidovudine and didanosine in HIV-1-infected children with good reduction in HIV RNA77, among 


others. The results of these studies showed enhancement or attenuation of chloroquine efficacy and/or its 


toxicity in each treatment condition. This is the outcome of drug-drug interaction, which normally results in the 


modulation of drug action. Since chloroquine has been shown to potentially modulate the activity of drug-


metabolizing enzymes, and, consequently, cause drug-drug interaction56-59,61-63, its combination with other 


drugs may lead to enhancement or inhibition of drug efficacy and/or toxicity. For instance, CNS symptoms of 


depression, strange thoughts and altered spatial perception in short term travelers are increased in combined 


therapy of chloroquine and proguanil than when chloroquine is administered alone78. Mono-therapy with 


chloroquine was unsuccessful in the treatment of cutaneous lupus erythematosus, but chloroquine in 


combination with mepacrine was very effective79.  


 


While administration of chloroquine with other drugs have received much attention, as available literature 


reveals, its combined ingestion with alcohol (i.e. ethanol), (a drug highly abused worldwide13,14,80), has 


received very little attention, more so under conditions of protein malnutrition. Therefore, their combined 


presence in the body deserves attention. 


 


 


1.2.5.2 The biochemical, haematological and testicular effects of chloroquine 


Studies have shown that chloroquine affects a wide range of biochemical processes, including the inhibition of 


key metabolic enzymes such as alcohol dehydrogenase, succinate dehydrogenase and glucose-6-phosphate 


dehydrogenase (G6PD)58,81, and as well affects renal function by decreasing glomerular filtration rate, 


aldosterone synthesis and alteration of kidney function82.  On the other hand, Iyawe and Onigbinde (2009)81 


reported that choroquine significantly increased erythrocyte fragility, total plasma bilirubin, oxidative stress, but 
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reduced PCV, plasma superoxide dismutase, catalase, and G6PD in mice. Chloroquine has also been shown 


to increase the life span of circulating platelets in rats, and prolong platelet survival but does not affect 


bleeding time in rabbits83,84. Chloroquine causes thrombocytopenia85, and often aplastic anemia, reversible 


agranulocytosis and neutropenia86. Reports also indicate that chloroquine mediates antifertility effects in rats87 


and adversely affects spermatogenesis when used chronically88. Impairment of testicular function has been 


reported in males following short - and long - term exposure to chloroquine89-91.  Other reports have shown that 


chloroquine decreases sperm motility92, depresses testosterone secretion in a progressive manner, decreases 


sperm count and reduces the weight of the testis and other male accessory sex organs89, disrupts the process 


of spermatogenesis which is accompanied by a decrease in the size/diameter of seminiferous tubules90, and 


decreases the fertilizing ability of epididymal sperm, suggesting that the drug plays an inhibitory role in sperm 


function91. The effects of chloroquine as documented above clearly indicate the need for studies on the 


combined presence of chloroquine and ethanol in the body especially under conditions of protein malnutrition, 


since the action of chloroquine seems to affect a wide range of body processes.  


 


 


1.2.6 ALCOHOL – DRUG INTERACTION  


 


1.2.6.1 Alcohol and drug metabolism: effects on drug action 


Alcohol (ethanol) is classified as a drug, but worldwide, it is widely used as a beverage by many people93. 


Consequently, alcohol is one of the most widely used/abused drugs93,94. Though, chronic alcohol ingestion is 


the major cause of liver disease, leading to abnormal drug metabolism, however, independently, alcohol 


(without liver disease) influences the biotransformation (oxidative and conjugation processes) of drugs. The 


nature of this effect depends on the dose and duration of alcohol ingestion, and the pharmacologic effects, 


doses and mode of administration of the drug(s)93. Ethanol may interact with other drugs and alter their effect 


through one or more of the following: 


● direct effect on absorption  


● effects on metabolism  


● interference with the effect of the drug at its site of action93,94. 


 


Generally, ethanol interactions with other drugs and the subsequent modification of drug effects occur either 


through pharmacokinetic interactions, in which ethanol interferes with the metabolism of these drugs, and/or 


through pharmacodynamic interactions, in which ethanol enhances the effects of the drugs94. Pharmacokinetic 
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interactions generally occur in the liver where both ethanol and other drugs are metabolized by some 


enzymes94.  


 


Drug metabolism usually decreases the extent to which an administered drug is retained within the body and 


therefore shortens the duration of persistence of such drugs in the body. Consequently, the resultant increase 


in the rate of drug elimination reduces the effect of drugs. The interaction of ethanol with the oxidative hepatic 


microsomes drug-metabolizing enzymes produces adverse clinical effects in the individual95-97. Generally, 


acute alcohol administration depresses, while chronic ethanol ingestion enhances the rate of drug metabolism.  


 


Acute ethanol administration concurrent with other drugs may impair the degradation of the drugs by inhibiting 


the activity of the drug metabolizing enzymes98, (possibly through the inhibition of the metabolism of these 


other drug) by competing for the same microsomal system required to metabolize the other drug (i.e. enzyme 


inhibition). This is possible because the microsomal ethanol-oxidizing system has features similar to those of 


the drug-metabolizing system. This interaction prolongs and enhances the drug‟s availability, potentially 


increasing the adverse effects. 


 


Chronic (long-term) ethanol ingestion may activate drug-metabolizing enzymes (i.e. induction of cytohrome P-


450) which increases the activity of microsomal ethanol oxidase system (MEOS) and the activity of 


monooxygenase system thereby enhancing drug elimination, and decreasing the drug‟s bioavailability and 


diminishing its effects97. These enzymes, activated by chronic alcohol consumption, transform some drugs into 


toxic chemicals (metabolites) that can damage the liver and other organs. The increased enzyme activity is 


due to increase in microsomal mass96-98, and is associated with enhanced oxidation of drugs resulting in 


increased tolerance to drugs until significant liver disease occurs96, 98,99. It is known that alcohol is toxic to all 


organs100 and its chronic ingestion is the major cause of liver disease leading to abnormal drug metabolism. 


However, under normal conditions (that is without liver disease), independently, alcohol influences the 


biotransformation (oxidative and conjugation processes) of drugs101.    


 


Additionally, ethanol may inhibit drug metabolism by displacing (i.e. competing with) the drug from its binding 


to cytochrome P-450, or by its inhibition of citric acid cycle leading to decreased availability of NADPH98. This 


will also prolong the drug availability in the body, thereby increasing the risk of harmful effects. Also, ethanol 


may increase the fluidity of cell membranes including hepatic microsomal membranes which provides the 


microenvironment for the drug-metabolizing system and may cause a conformational change in the involved 
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enzymes, thus limiting metabolism of some drugs98. Indirectly, ethanol may inhibit the activity of drug 


metabolizing enzyme system by inducing corticosterone release, which may serve as an alternative substrate 


for the microsomal enzyme system98.  


  


Furthermore, alcohol affects the pharmacokinetics of drugs by altering (increase or delay) gastric emptying or 


liver metabolism (by inducing cytochrome P450 2E1) and drugs may affect the pharmacokinetics of alcohol by 


altering gastric emptying and inhibiting gastric alcohol dehydrogenase101,102. This inhibition will result in higher 


blood alcohol concentration and increase volume of distribution because gastric alcohol dehydrogenase is the 


major pathway for alcohol metabolism. On the other hand, some drugs affect the metabolism of alcohol and 


alter its intoxicating potential and adverse effects associated with its consumption101,103. Consequently, the 


major clinical consequence of ethanol-drug interactions are altered blood levels of the drug(s) or of ethanol, 


liver toxicity, gastrointestinal inflammation and bleeding among others103.  Thus, the concurrent and frequent 


use of ethanol (alcohol) together with prescription drugs gives any described pharmacokinetic interaction 


significant clinical implications102.  


 


 


1.2.6.2 The biochemical, haematological and testicular effects of ethanol  


Ethanol interfers with several metabolic pathways resulting in derangements in protein, carbohydrate and lipid 


metabolism during its oxidation in the body104.  Ethanol affects the haematopoietic system. The adverse 


haematological effects of ethanol can result from direct toxicity to the bone marrow and indirectly from other 


metabolic derangements100,105. As normal functioning of the haematopoietic system is dependent on the 


coordinated interplay of many other systems, therefore ethanol effects on this system (and therefore on the 


blood) may be multiple, complex, and highly variable100. Increasing attention has also been paid to the effects 


of alcohol on reproductive function106. Ethanol and its deleterious effects on the male reproductive system 


have been recognized in animals and humans88,107.  Ethanol significantly depresses serum testosterone levels, 


and testicular responsiveness to human chorionic gonadotropin, decreases testicular weights108,109, height of 


the secretory epithelium of the seminal vesicle, and the weight of the gland110. Ethanol inhibits the activity of 


sperm glycosidases111 and also causes a decrease in serum/epididymal testosterone, dihydrotestosterone 


level and epididymal secretory products. It therefore has adverse effects on sperm maturation and, thus, 


impairs cauda epididymal sperm motility and fertility (in vivo)112.  Ethanol potentiates nitric oxide suppressive 


effect on the testicular synthesis system113. Ethanol has various effects on the male endocrine system114,115. 
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Considering the above effects, the combined presence of ethanol and chloroquine in the body, calls for 


attention and study. 


 


 


1.2.7 DIETS AND DRUG INTERACTIONS 


 


Nutrition (nourishment) is the provision, to cells and organisms, of the nutrients (proteins, vitamins, trace 


elements etc) necessary, in the form of food, to maintain healthy bodily functions116,. Nutritional status of the 


individual is therefore crucial in the body‟s metabolic and physiological processes that support and maintain 


life. It has been shown that nutrition is a major determinant of drug action and hence drug metabolism117. The 


human body contains chemical compounds, such as water, carbohydrates (sugar, starch, and fiber), amino 


acids (in proteins), fatty acids (in lipids) and nucleic acids (DNA/RNA). Drugs/medicines also have constituent 


ingredients that interact with the human body in different ways. Also dietary constituents may interact with 


drug(s) and can have a significant impact on a drug‟s ability to work in the body. Changes in a drug/medicine‟s 


effect due to an interaction with food, alcohol or caffeine can be significant and may render the drug(s) less 


effective, effective or more toxic118,119. The effects of drugs can be influenced by diet at one of the stages at 


which drug action occurs120. This may be at the:  


● pharmaceutical stage (dissolution or disintegration of the drug); 


● pharmacokinetic stage (absorption, distribution, metabolism, and elimination of the drug); and  


● pharmacodynamic stage (the body‟s physiologic or psychologic response to a drug or combination of drugs). 


 


 


1.2.7.1 Diets and Drug metabolism  


The biotransformation of drugs depends on enzyme systems such as the mixed-function oxidase system 


(MFOS)120,121. The components of this enzyme system include (a) cytochrome P-450, (b) NADPH-cytochrome 


_450 reductase, and (c) phosphatidylcholine, and all utilize oxygen and NADPH to catalyze the oxidation of 


different substances120. The function of these enzyme systems depends on many dietary nutrients and can be 


decreased by deficiencies in protein, essential amino acids, ascorbic acid, tocopherol, and retinol122. 


Accordingly, the degradation of drugs (catalyzed by enzymes, which are proteins) and the subsequent 


formation of metabolites involve the participation of substances provided by the body through nutrition98. Such 


bodily substances obtained through nutrition include among others, glucuronic acid from carbohydrate; glycine, 


cysteine, glutamine, glutathione, sulfate sulfur, and methionine from amino acid sources98. Thus, drug 
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metabolism may be altered in states of nutritional deficiency or nutritional manipulation, because the activity of 


the hepatic MFOS is influenced by the specific quantities of protein, carbohydrate, and lipid120. Furthermore, 


the manipulation of major dietary components may be of particular clinical significance in situations such as 


protein increase in some weight reduction programmes98. Deficiencies of nutrients (protein, tocoperol, retinol, 


essential fatty acids, zinc, copper, selenium, and potassium) can make drug metabolizing enzymes less 


effective, thereby reducing the biotransformation of drugs and enhancing drug effects. Accordingly, the 


nutritional status of an individual may decrease the drug‟s efficacy or increase its toxicity120.  Also, the protein 


or fiber content of the diet and urinary pH affects the excretion of drugs (unchanged or as metabolites) via the 


kidney, lungs, bile or faeces123. This will either increase or decrease the distribution and blood concentration of 


the drug and therefore the drug action123.  


 


Malnutrition is the lack of sufficient nutrients (due to improper or insufficient diet) necessary to maintain healthy 


bodily functions and is directly linked with extreme poverty in developing countries. Malnutrition leads to 


alteration and changes in body composition, and consequently affects drug disposition by altering protein-


binding and volume of distribution120. Moreover, it has also been reported that malnutrition affects the tissue 


levels of the drug metabolizing enzymes117. This may affect the activity of these enzymes in drug metabolizing 


processes yielding results other than that mostly desired. As stated by Victoria Haken120, the rate of drug 


oxidation may be normal or increased in mild to moderate malnutrition, but is impaired in severe 


malnutrition120. Accordingly, a low protein diet in animals produces diminished activities of NADPH-dependent 


enzymes and decreases the rates of biotransformation of drugs; for instance, in children with protein-calorie 


malnutrition, the elimination of certain drugs such as chloramphenicol, etc, is impaired; in man (humans), a 


high-protein-low carbohydrate diet enhances the metabolism and elimination of some drugs such as 


antipyrine; a high carbohydrate diet decreases the activities of microsomal mixed-function oxidase enzymes, 


and diets deficient in minerals such as calcium, zinc, or magnesium may impair drug elimination by depressing 


hepatic drug-metabolizing enzyme activities98.   


 


 


1.2.7.2 Nutrition and disease 


One of the common forms of malnutrition in Africa is protein malnutrition, affecting about 300 million people, 


with about 200 million at risk2,4. Malnutrition in all its forms increases the risk of disease and malnourished 


individuals‟ are more susceptible to, and less able to recover from, infectious diseases2. Thus, adequate 


nutrition is essential to disease prevention and good health. Adequate nutrition furnishes the body with 
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nutrients (chemical substances) which are necessary for building, repairing and maintaining cells and body 


tissues, regulating the body processes, and providing energy. For instance, the testis is dependent on 


adequate nutrition for development, composition, and normal function. That is why the loss of Leydig cell 


function, a reduction in the level of spermatogenesis, the occurrence of hypogonadism with reduced 


seminiferous tubular diameter and atrophy of Leydig cells, amongst others, have been associated with 


malnutrition124. According to another WHO report125, hunger and malnutrition remains among the most 


devastating problems facing the world‟s needy people and continue to dominate the health of the world‟s 


poorest nations. Consequently, malnourished individuals (abundantly found in third world countries) exposed 


to multiple drug therapy may be adversely affected by drug-drug-nutrition interactions involving various body 


systems and/or organs. Therefore, the health of the vast population of poverty stricken, malaria endemic 


communities of the World, especially the developing\Third World communities of Sub-Saharan Africa, exposed 


to abuse/misuse of some drugs (such as chloroquine and/or alcohol), require attention and study.  


 


 


1.2.8 SUMMARY 


 


Evidently chloroquine and ethanol are both toxic to the biochemical and haematological processes as well as 


to testicular functions. Their combined administration may therefore constitute a serious health problem that 


may emanate from their interaction. However, the combined effects of these two highly abused drugs have not 


received much attention by way of study/investigation. Only one report on the effects of combined 


administration of chloroquine and ethanol in rats has been published12. These authors reported that ethanol 


exacerbated the impairment of renal electrolyte handling by chloroquine probably, through an alteration of 


kidney structure. The combined effects of these two drugs in the presence of protein-malnutrition have not 


received attention from researchers. Yet, it is common knowledge that this situation (current ingestion of Q and 


E under malnourished status) is rampant in malaria-endemic regions of the world, especially in sub-Saharan 


Africa10-14,21,126,127. It has been reported that protein malnutrition (the result of poverty and intake of inadequate 


food and protein deficient diets) in several of the Third World/developing countries, affects over a 100 million 


people4-6. In these poor communities with malaria endemicity, while chloroquine is commonly administered to 


patients with no consideration to their nutritional status5, malarious or rheumatoid arthritis individuals / patients 


on chloroquine treatment, on a prolonged basis, also generally consume alcohol12. Additionally, Ajani et al., 


(2004)126 reported that, in Nigeria, a malaria-endemic country, as in other parts of Africa, chloroquine is 
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commonly sold over the counter and the consumption of alcohol (alcoholic beverages) is unrestricted. The 


ingestion of alcohol, concomitantly, or soon, after ingesting chloroquine tablets/injection therefore, occurs 


commonly. This, along with protein deficient diets appears to be common in these regions of the world.  


 


Although, the emergence of chloroquine-resistant malarial parasites in different parts of the world, has paved 


the way for the use of other antimalarial drugs and combination therapy for malarial infection, surprisingly (i.e. 


in spite of emergence of resistance strains), chloroquine remains the drug of choice against malarial infection 


in the endemic and impoverished communities of the Third World countries128,129. Even in pregnancy, 


chloroquine remains the drug of choice against malarial infection, due to its substantial safety, availability and 


cheapness, which remains insuperable by other antimalarial alternatives128,129. Laufer et al. (2006)130 reported 


that although, chloroquine was replaced as the first line drug for malarial treatment, the drug was not entirely 


absent from the community, as it was available over the counter and used by travelers as prophylaxis and for 


self treatment of malaria symptoms by adult Malawians. These authors further reported a re-emergence of 


chloroquine efficacy in the treatment of malaria, 12 years after its withdrawal from use. The above reports, plus 


the fact that chloroquine is affordable and readily available, amongst others, clearly illustrate the therapeutic 


importance of chloroquine, as an antimalarial drug in malaria-endemic communities. Since it seems apparent 


that chloroquine, as a choice anti-malarial drug, may not be replaced in the foreseeable future, especially in 


sub-Saharan Africa, it is imperative that the effects/implications of the interaction between chloroquine, ethanol 


and malnutrition be investigated. Poverty and malnutrition has continued to ravage the African continent. Thus, 


investigations that are designed to study the effects of the presence of these factors (chloroquine, ethanol and 


protein malnutrition) in the body are necessary and urgent as this combination therapy may impact negatively 


on the general health of the community. This phenomenon, therefore, needs to be investigated with a view to 


obtaining appropriate knowledge, based on scientifically generated data. It is also hoped that the results will 


provide better context to treatment regimens designed against malaria in Third World countries. The present 


experimental protocol was therefore designed against this backdrop, in an attempt to mimic this condition, 


using the adult male rat as a model. 
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CHAPTER TWO 


 


2 METHODOLOGY 


 


2.1 MATERIALS AND METHODS 


 


2.1.1 Animals 


The experimental animals consisted of 196 adult male Sprague-Dawley rats, bred, housed and maintained at 


the animal house, Faculty of Health Sciences, University of Zimbabwe. All animals were in good bodily 


condition at the start of the experiment. 


 


2.1.2 Housing and caging 


The rats were kept in a fly-proof animal experimental house at the Department of Human Anatomy, University 


of Zimbabwe. They were kept in groups of 5 or 7 in metal cages (41cm × 25cm × 20cm) in a well ventilated 


house, under normal temperature and lighting conditions (i.e. a 12h light/12h dark regime). The cages had 


large upper and small lower compartments. The lower compartment had a floor insert (tray) filled with saw dust 


which were periodically removed and cleaned without disturbing the rats. The rats, housed in the upper 


compartment passed their waste materials (urine and excreta) to the lower compartment thereby preventing 


any contamination of the rats. Separate feed and drinking sections were provided in the cages. The rats in 


each experimental group were given distinct marks for easy identification. 


 


2.1.3 Diets, feeding and initial body weights 


The experimental diets consisted of normal protein (15%) and low protein (6%) diets, formulated by the 


National Foods (SAFCO), Zimbabwe. The feed composition and proximate analyses are shown in Table 1. 


The experimental rats were fed ad libitum for 10 days before the experiment commenced, and, then, continued 


for forty (40) days, on either normal or low protein diet. The body weights of the rats were obtained and 


recorded before the commencement of the experiment.  
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FEED TYPES AND COMPOSITION 


Table 2.1: Composition of experimental diets in percentages and the proximate analysis 


Feed ingredients             Low protein diet                           Normal protein diet 


Meat and bone meal -  5.00 


Cotton cake -  10.00 


Soya oil cake blend - 8.00 


Crushed yellow maize 23.80 12.00 


Sugar 23.00 15.00 


Molasses 5.00 5.00 


Soya oil 3.20 3.60 


Limestone flour 1.60 0.50 


Monocalcium phosphate 2.50 0.10 


Salt (coarse) 0.50 0.50 


NF P1 broiler premix (FG1520) 0.30 0.30 


Maize residue 40.00 40.00 


Proximate analyses of experimental diets  


Components                                         low protein diet                              Normal protein diet 


Dry matter          % 90.49 89.60 


Crude protein      % 6.19 14.94 


Fat                     % 4.54 5.72 


Crude fiber          % 3.12 4.87 


Ash                    % 6.36 4.99 


Total digestible nutrients 


(TDN)                 % 


79.53 79.46 


Gross energy (MJ/Kg) 11.99 11.98 


Prepared and Analyzed by National Foods (SAFCO), Zimbabwe. 
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2.2 EXPERIMENTAL DESIGN 


 


The rats were randomly assigned to two major groups, based on their dietary protein status; normal protein 


diet (NP, 15%) and low protein diet (LP, 6%) groups. Each diet group was further sub-divided into four sub-


groups of 20 to 28 rats, each,  serving as controls (C) or administered with chloroquine (Q) or ethanol (E) or 


both chloroquine and ethanol (EQ), for either 10 or 20 or 30 or 40 days. The treatment groups (consisting of 5-


7 rats each) were, thus, identified as controls on normal protein (NPC) or low protein (LPC), chloroquine only 


treated groups (NPQ, LPQ) fed normal or low protein diet, rats on ethanol treatment only whilst on normal 


protein (NPE) or low protein (LPE) diet and both ethanol and chloroquine treated groups fed normal protein 


(NPEQ) or low protein (LPEQ) diets.  There are therefore eight (8) treatment groups of rats (Fig. 2.1). 


Chloroquine (10mg,kg-1 body weight per rat) was administered intramuscularly, on days 0, 10, 20, and 30 to 


the NPQ, LPQ, NPEQ and LPEQ groups while 6% E, in drinking water, was provided ad libitum to the NPE, 


LPE, NPEQ and LPEQ groups, using the format described by Akingbemi and Aire1. Drinking water, being the 


vehicle for E, was given to the groups on only Q treatment (NPQ; LPQ). A volume of normal saline, the vehicle 


for Q, equivalent to the volume of Q injected into the rats, was injected to the groups receiving only E (NPE; 


LPE).  Appropriate feed and fluid were provided ad libitum, and all animals were placed on the appropriate diet 


one week before the experiment began (Fig. 2.1). 
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                                                         Experimental Protocol 


 


 


 


 


 


 


  


 


 


 


 


  


 


 


 


  


 


 


 


 


 


 


 


 


 


 


Fig. 2.1 Experimental protocol showing the duration of treatment and the eight treatment groups of 


the rat with n = 5 or 7 in each group and at each period of treatment. 
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2.2.1 Anaesthetization, animal sacrifice and final body weight 


The experimental rats were sacrificed at intervals of 10 days, providing four (4) equal periods of sacrifice for 


the duration of the experiment (Fig. 2.1).  After 10, 20, 30 and 40 days of treatment (i.e.10d, 20d, 30d and 


40d), 5 to 7 rats were randomly selected from each of the treatment groups, weighed, deeply anaesthetized 


with ether. These intervals were selected in an attempt to monitor the progressive pattern of changes or effects 


in the treatment groups.   


 


 


2.3 ETHICAL AND LEGAL CONSIDERATIONS 


Ethical approval for this study was obtained from the University of Zimbabwe, as stipulated in the Scientific 


Animal Act, 1963. The University of Limpopo Ethics Committee also approved the project.   


 


 


2.4 SPECIMEN COLLECTION AND ANALYSIS 


 


2.4.1 Blood collection 


In each period of sacrifice, blood was collected by cardiac puncture while the rats were under deep 


anaesthesia. The blood for haematological and biochemical analysis was collected into separate sterile tubes 


(specifically marked for each analysis), containing K-EDTA and appropriately labelled to reflect the treatment 


groups as well as the intervals/periods of the study. At the end of each sacrifice, blood samples were analysed 


at the Haematological and Biochemical Laboratories of Faculty of Veterinary Science, University of Zimbabwe; 


Zimbabwe, Harare. 


 


 


2.4.2 Biochemical Analyses 


The activities of serum alkaline phosphatase (ALP) and alanine aminotransferase (ALT), and the 


concentrations of total protein, albumin, creatinine, and urea were determined, using appropriate kits, and the 


manufacturers‟ protocols,  in an autoanalyser (Electro-Nucleonics Inc., Altaire Tm, New Jersey, U.S.A.). Serum 


globulin was derived as the difference between the total protein and albumin. Enzyme activity was determined 


at 370C. All reagent kits were obtained from Schiapparelli Biosystems, New Jersey, USA. 
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2.4.3 Haematological Analyses 


The microscope slides for haematological analyses were carried out with the machine, Hema-Tek 1000 (Miles 


Scientific, Miles Laboratories Inc, Napervielle. U.S.A) using modified Wright‟s stain, and, according to the 


manufacturers instructions (Napervielle, U.S.A.).  A complete blood count was performed for each blood 


sample. Leucocyte (WBC) and erythrocyte (RBC) counts were determined in an electronic cell counter 


(Coulter, UK). The haemoglobin (Hb) and haematocrit (PCV) values were determined by the 


cyanomethaemoglobin and microhaematocrit methods respectively, using the commercial Zap-o-Globin 


Reagent (Coulter Electronics, Republic of South Africa [RSA]). All other erythrocyte indices – mean 


corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), and the mean corpuscular haemoglobin 


concentration (MCHC) were calculated from the haematological data obtained. The platelet count and 


differential leucocyte counts were determined as described by Jain2.  


 


 


2.4.4 ORGAN AND TISSUE PARAMETERS 


 


2.4.4.1 Organ weights 


At each period/interval of sacrifice, and following anaesthesia, a longitudinal abdominal incision was 


made to expose the internal organs (kidneys, liver, pancreas, spleen, adrenals, testes, epididymis, 


seminal vesicle, and prostate glands), while the rib cartilages were carefully transected in order to 


expose the heart and the lungs. These organs were then carefully harvested.  The organs were weighed 


in a Mettler analytical balance (PE 1600, Mettler Instrument AG; Switzerland) (by separately placing each 


organ on the balance) and their wet weights recorded. The organ weights were later expressed as proportions 


(%) of body weight (relative weights) for the purpose of comparison. Thereafter the carcasses were disposed 


of by incineration.  


Relative organ weight = [organ weight (g) ÷ body weight (g)] х 100 


 


 


2.4.4.2 Histology of the testes 


The right and left testes were trimmed of the epididymides and connective tissue, weighed, appropriately 


sliced, and immediately placed in appropriately labelled specimen bottles, containing a large volume of 10% 


buffered formalin for fixation. After fixation, the specimens were routinely dehydrated in a graded series (%) of 


ethanol, and embedded in paraffin wax. Blocks of testicular tissues were sectioned at 5μm thickness using a  
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rotary microtome. Tissue sections were picked up onto pre-cleaned glass microscopic slides, mounted with 


DPX (BDH, Poole, England), stained with haematoxylin and eosin (H and E) and cover-slipped. 


 


 


 


2.5 MORPHOMETRY AND MICROSTEREOLOGY OF THE TESTES 


 


 


The morphometrical and microstereological studies were carried out in two stages.  


The first stage was mainly morphometrical measurements and was performed at the Department of Human 


Anatomy, University of Stellenbosch, Republic of South Africa. Evaluation of the testicular tissues and 


histological measurements were made using a Carl Zeiss Axiovision 2.05 light microscope fitted with a digital 


camera and a KS 300 Imaging System, Vol. 1 (Carl Zeiss vision GmbH, Germany). The images were captured 


on the computer screen. The seminiferous tubular diameters and the epithelial heights were measured in 


transverse sections of the testes with the cursor of the analysis system. In each case, two diameters of the 


tubule – one perpendicular to the other – were measured and the average was taken for each measurement. 


The software automatically generated a spread sheet (file) in which all measurements was recorded. The 


seminiferous epithelial heights (SEH) were obtained in the same tubules used to determine tubular diameter 


(STD). All measurements were carried out in round or almost rounded seminiferous tubules and with no 


detachment of epithelial cells from the basal lamina, at X400 magnification for each testis. The mean 


diameters of thirty cross-sections of seminiferous tubules were obtained for each testis. The measurements 


were taken for each experimental group.  


 


 


The second phase of quantitative and stereological studies was performed at the Electron Microscope 


Laboratory of the University of Limpopo, using an image analysis system consisting of a Axioplan Univeral 


research microscope – transmitted light and incident light fluorescence microscope – Carl Zeiss Jena GmbH 


(Carl Zeiss vision GmbH, Zeiss Groppe, Germany), connected by means of an Olympus, IEEE 1394A colour 


view IIIcamera (Olympus Soft Imaging Solutions, GmbH, Germany) to a computer. The images were each 


captured with the colour view III camera on to the computer screen and processed using digital image analysis 


Software® – analySIS FIVE (Olympus Soft Imaging Solutions, GmbH, Germany).  


 







32 
 


2.5.1 Testicular parameters for morphometric measurements 


 


The morphometric measurements (parameters) included the thickness of the testicular capsule and the areas 


of seminiferous tubules, nuclei of both the Leydig and Sertoli cells, as well as the long and short axes of the 


Leydig and Sertoli cell nuclei on light microscope sections.  


 


 


2.5.2 Mean testicular capsular thickness 


The image of cross-sections of the testes was captured on the computer screen using the image analysis 


software with a 40× objective lens (N.A 0.75). The capsular thickness was measured in each treatment group 


for each period of sacrifice with the cursor of the analysis system. At each period of sacrifice, the group means 


(i.e. mean for each experimental/treatment group) were calculated by averaging the values obtained from 


between 35 and 40 random measurements, in each experimental group, including control groups.   


 


 


2.5.3 Mean cross-sectional area of seminiferous tubules 


Furthermore, the image of cross-sections of the testes under the microscope with a 10Х objective lens (N.A 


0.30) was captured on the computer screen using the image analysis software. The cross-sectional area of 


round or almost rounded seminiferous tubules was obtained by carefully tracing the boundary of the cross 


sections of the tubules with the cursor of the analysis system. All the tubules measured were randomly 


selected from all the sampled fields that were also randomly selected.  The mean cross-sectional area of the 


seminiferous tubules in all the treatment groups and for each period of sacrifice was calculated by averaging 


the values obtained from 35 to 40 random measurements, for each experimental group, at each period of 


sacrifice.  


 


 


2.5.4 Area and diameter of Leydig and Sertoli cell nuclei 


Randomly selected sections were observed, using a 100Х objective lens (N.A. 1.30 oil immersion) and the 


testicular tissue images were then captured on the computer screen. In each treatment/experimental group 


and at each period of sacrifice, 15 to 20 fields/frames were randomly sampled. In each case, two diameters of 


the Leydig and Sertoli cell nuclei – one perpendicular to the other – were measured with the cursor of the 


analysis system, and the average was taken for each measurement. 
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2.5.5 Identification of Leydig and Sertoli cells 


 


The Sertoli cells were clearly identified by their position at the perimeter of seminiferous tubules, situated close 


to the delineating basement membrane. The Sertoli cell nuclei were easily identified by their prominent 


nucleolus which distinguished them from the large, rounded spermatogenic cells, wedged between them. The 


Leydig cells were identified lying either singly or in clumps within the interstitial space and tissue between the 


seminiferous tubules. Their rounded nuclei were easily identified and measured.   


 


 


2.5.6 Measurements of the area of, Leydig, Sertoli and spermatogonia cells nuclei  


The area of the nuclei of both Leydig, Sertoli and spermatogonia cells, within each randomly sampled 


fields/frames, were carefully traced with the cursor of the analysis system and readings were recorded. The 


respective mean areas for Leydig and Sertoli cell nuclei were separately calculated by obtaining the average of 


all the measurements taken from 15 to 20 randomly sampled fields per treatment group at each period of 


sacrifice.  The diameters (long and short axis) of the nuclei of these two cell types were also measured. The 


average of the two measurements was taken as the diameter for each nucleus. These measurements were 


done for each treatment group and at each period of sacrifice. 


 


 


2.5.7 Cell count 


The point-counting of cells (only Leydig and Sertoli cells) was carried out using the computer-assisted image 


analySIS FIVE programme (Olympus Soft Imaging Solutions, GmbH, Germany) using a 100× objective lens 


(N.A. 1.30 oil immersion). All the Leydig and Sertoli cells nuclei per cross-section per field/frame sampled were 


carefully counted by the aid of the software pointing counting programme. This software programme marks 


and counts each cell with a click of the analySIS cursor, and sums up the total number of cells counted at the 


end. The software also has an inbuilt colour differentiation capability and therefore differentiates each count 


from the other. Thus, no one cell can be counted twice or can be missed out in the counting process. Between 


15 and 20 randomly selected fields (by moving from one point of the tissue slide to the end), were counted per 


treatment group at each period of sacrifice. These counts were averaged to obtain the mean number of cells 


(Leydig and Sertoli cells) per treatment group at each period of sacrifice.   
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2.6 MICROSTEREOLOGICAL STUDIES 


 


In the stereological analysis, fields were randomly sampled with the aid of microscope stage and specimen 


controllers, ensuring that no single area of each tissue section was sampled more than once. Testicular tissue 


sections were observed using a 40× objective lens (N.A 0.75). The microscopic image of the sections of testes 


were captured on the computer screen (image size: 347.73 x 260.80µm), using an Olympus colour view III 


camera (Olympus Soft Imaging Solutions, GmbH, Germany). A grid of double-square lattice system (gridsize 


40µm; total grid area: 1600) with 48 test points was generated using the digital image analysis Software® – 


analySIS FIVE (Olympus Soft Imaging Solutions, GmbH, Germany), superimposed on the image and used to 


determine the testicular structures, as described by Schmid and Rohr3. A point-counting approach was used to 


determine changes in the relative proportion of the area within the grid occupied by the seminiferous tubules, 


interstitial tissue and cells and the interstitial space (the space between the seminiferous tubules and the 


interstitial tissue). Thus, the points within each grid were evaluated to determine the number of points lying on 


the seminiferous tubules (i.e epithelium and lumen), interstitial tissue and cells, and the interstitial space. The 


grid was also used to determine the number of points lying on the seminiferous epithelium alone and the 


lumen of the tubules alone. The points lying on the primary spermatocytes were also separately counted, but 


no identification of the various types of primary spermatocytes (leptotene, zygotene and pachytene) was done.  


All the procedures above were carried out in each of the eight (8) treatments/experimental groups at each 


period of sacrifice.  


 


 


2.6.1 CALCULATIONS – BASIC PRINCIPLES3,4 


 


 


2.6.1.1 First basic principle 


 


 


The relative area fractions of different components in a tissue section through a body are the same as the 


relative volume fractions of the components in the whole body. This principle assumes that the components 


are randomly distributed within a representative section. 
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2.6.1.2 Second basic principle 


 


The relative area fractions of the different components in a tissue section through a body are the same as the 


relative volume fractions of the components in the whole body. This principle assumes that the sections 


together are representative samples of the whole body. 


 


 


2.6.1.3 Third basic principle 


If an area F consisting of different components (e.g. A and B) is fully overlaid by a grid of P points, and the 


number of points falling on component A (i.e PA) is counted, the point fraction (PpA) (i.e. PA/P = points counted 


divided by total numbers of points on the grid) of component A is equal to the area fraction FFA (i.e. FA/F of that 


component).  


 


It follows that the selected component A occupies a fraction (a proportion) of the total area of all the fileds (i.e. 


the number of fields) counted. This proportion, occupied of the selected component, can be converted to 


percentage (%) of the total area of the fields counted, by multiplying by 100.  


 


Since, however, the count was carried out on sections through the body, we know from the second basic 


principle, that the volume fraction of component A is VVA = VA/V, and is equal to the area fraction of the 


component A (i.e. VA/V = FA/F) of the total volume of the body. Therefore, the total area occupied by the 


selected component is equal to the volume of the selected component.  


    


From these stereological principles4, the volume of tissue or cell component can be determined by 


superimposing a systematic set of points over the image of the tissue or cell (such as in the use digitalized 


image of captured on computer screen or over a micrograph of the tissue) and then counting the number of 


points lying over the different tissue or cell components. A well established mathematical correlation exists 


between the number of points counted within a distinct area of a particular tissue or cell compartment and the 


corresponding relative volume of the component; in practice, the percentage of the counted points over a 


tissue or cell compartment is equal to the relative volume of the evaluated compartment within a unit volume (= 


reference space; e.g. grid). Thus, 


    Counting of test points over the tissue compartment  


   ↓ 
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   Relative volume of the tissue compartment  


   ↓ 


   Volume density of the tissue compartment. 


 


Therefore, the area distribution of any given structure, as determined in a two-dimensional section of the 


structure, is proportional to the volume distribution of the structure. The volume density of the histological 


component could be calculated as Vv = Pp/Pt, where Vv is the volume density, p is the tissue component 


under consideration, Pp is the number of test points associated with p, and Pt is the number of points of the 


test system6.   The volume density (Vv) of each testicular structure was therefore derived from the mean 


number of points over the specific structure divided by the total number of points over the testicular tissue5,6 


using the formula Vv = Pp/Pt, where Vv is the volume density, p is the tissue component under study, Pp is the 


number of test points falling on p, and Pt is the total number of points of the test system. The volume per cent 


(relative volumetric proportion) of each component structure was calculated from the respective volume 


densities (Vv) by multiplication by 100.  


 


 


2.7 DATA ANALYSIS 


 


2.7.1 Statistical tests 


All the data generated or obtained from the above calculations are reported as mean values ± SEM. Statistical 


analysis was performed using one-way ANOVA with SPSS statistical package, 14.0 for windows 2007. 


Multiple comparisons between different treatments for test of significance were done, using LSD (Post Hoc) 


test. All the treated groups were compared with the controls at each period of sacrifice. The nutritional effect 


was assessed by comparing the groups with similar treatment but placed on different diets. A value of P < 0.05 


was considered significant in all comparisons. 
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3 CHAPTER THREE 


 


3 RESULTS 


 


3.0 OUTLINE OF RESULT PRESENTATION  


  


3.1 General observations 


  


3.2 Haematology 


 


 3.3 Serum biochemistry  


 


 3.4 Histological of the testis – Morphometry and microstereology 
 


 


3.1 General Observations 


 


All animals were in good bodily condition throughout the experiment. There were no physical or behavioral 


changes and unplanned deaths recorded throughout the experiment. Feed and fluid intake increased 


marginally in all the groups during the experiment, but slight decreases were recorded in NPEQ, LPE, and 


LPEQ groups in the last 7 days before the 40d sacrifice. Watery faeces were noted in all ethanol-treated 


groups, probably due to the diuretic effects of ethanol (E). At sacrifice, it was observed that NPEQ, LPE and 


LPEQ rats showed distended and puffy liver, but, the histology of the liver was not performed. 
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3.2 HAEMATOLOGICAL RESULTS  


 
 
3.2.0 Interactive effects 
 
 
The haematological values at sacrifice were generally significantly lower in LP- than in NP-treated rats across 


the intervals. The interaction of E, and Q with LP and NP diets for 40 days had significant effects (p < 0.001) in 


almost all the parameters considered except in RBC, eosinophil and monocyte counts (Table 3.2.3). Low 


protein diet exacerbated the effect of this interaction. The increased RBC count (in concurrent administration) 


in the NPEQ- and LPEQ- treated rats (Fig. 3.2.1) points to increases in erythropoiesis. 


  


 


 


 


Figure 3.2.1: RBC counts in male rats treated with ethanol and/or chloroquine and fed normal or low protein 


diet for 40 days. 
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The increase RBC count was more in NPEQ-treated rats. Accordingly Hb concentration was significantly 


increased (p < 0.05) in NPEQ- (significant at 10d; 30d), but generally reduced in LPEQ- treated rats (Table 


3.2.1). Generally, E and Q, interactively significantly (p < 0.01) elevated PCV value in NPEQ- (beneficial drug 


interaction) but, reduced (p < 0.01) it in LPEQ-treated rats (adverse drug interaction) (Fig. 3.2.2).  


 


 


 


 


Figure 3.2.2: PCV values of rats treated with ethanol and/or chloroquine and fed normal or low protein 


diet for 40 days. 


 


The MCV values were generally lower (but not significant)  in NPEQ- and LPEQ- treated rats relative to their E 


or Q treated cohorts, evident at 40d (Fig. 3.2.3).  
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Figure 3.2.3: MCV values of rats administered ethanol and/or chloroquine and maintained on normal or 


low protein diet for 40 days.  


 


From 30 to 40d, the MCV values, while being gradually increased in NPEQ group, was gradually decreased in 


LPEQ group (Fig. 3.2.3). It also showed strong interaction between intervals, drugs and diets (Table 3.2.3). 


The interaction generally depressed MCH values in NPEQ- and LPEQ- groups relative to other treatment 


groups but, from 30 to 40d treatment interval, the interaction, led to elevated values in NPEQ group against a 


gradual decrease in LPEQ group. While E and Q interactively antagonise each other in LPEQ-treated rats and 


produce MCHC value that was intermediate between the values recorded in LPE and LPQ at 40d, slight 


reductions were recorded in NPEQ-treated rats at all intervals relative to NPE and NPQ treated groups (Table 


3.2.1). The strong significant interaction between the drugs, diet and intervals existed despite fluctuations in 


platelet count across the intervals (Table 3.2.3). Slightly elevated platelet values were found in NPEQ- and 


LPEQ- groups relative to their E and Q cohorts. Leukocytosis caused by E and Q treatments, were 
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interactively reduced in LPEQ- and NPEQ-treated rats (Table .3.2.2). Since no significant change was 


observed in eosinophil and monocyte counts (Table 3.2.2), the interaction between interval and treatments, 


interval and dietary regimens, treatment and dietary regimens and between the three (interval × treatment × 


diet) was not significant for monocytes and eosinophils, but highly significant for neutrophils and for 


lymphocytes, except in the interaction between treatment x feed, and interval x feed for lymphocytes only 


(Table 3.2.3).   


 


3.2.1 RBC 


 


The numbers of RBC were significantly decreased (P < 0.05) in the LPC and NPE (10 and 20d, respectively), 


LPE (10; 30d), NPQ (20d) and LPQ (10 to 40d) groups relative to their respective interval control (NPC) as 


shown in Figure 3.2.2. Low protein diet significantly decreased (P < 0.05) the numbers of RBC in LPC (10; 


20d), LPE, LPQ (10; 30d) and LPEQ (10d) groups relative to their respective NP cohort as shown in Figure 


3.2.1.  
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Values are given as mean ± sem, Values in the same row with different superscripts (alphabets) from NPC (controls) are significantly different from 


NPC. Values in the row with the same superscripts *(asterisks) are NS (not significantly) different from NPC. Significance levels = a (p < 0.05), b (p < 


0.01), c (p < 0.001), d (p < 0.0001). Values in the same row with superscript † indicates significant dietary effect on a particular treatment (i.e. NPC/LPC, 


NPE/LPE etc) 


Table 3.2.1: The effects of ethanol or chloroquine and both on some haematological indices of rats fed normal or low protein diet 


Subgroups of rats 


 Duration 
of 
Treatment 


NPC, n = 6 LPC, n = 5    
 


NPE, n=(+6)  5 
 


LPE, n=(+5)  6 NPQ, n = 6 LPQ, n = 7 NPEQ, n = 7 LPEQ,  n = 7 


Hb 
(g/dl) 


10 days 14.16 ± 0.20* 13.78±0.05* +13.53±0.20 a +12.98±0.19c† 14.03±0.25* 12.80±0.08 d† 14.84±0.13a 12.53±0.24 d† 


 20 15.77 ± 0.29* 13.80±0.03 d† 14.24±0.40 d 12.48±0.15d† 13.90±0.34 d 13.30±0.27 d† 14.43±0.14 d 12.73±0.20 d† 


 30 13.23 ± 0.09* 13.04±0.36* 13.88±0.19 a 12.44±0.32b† 13.33±0.17* 12.43±0.10 b† 14.20±0.19 c 12.47±0.13 b† 


 40 13.53 ± 0.21* 12.80±0.22 a† 13.36±0.32* 12.63±0.13b† 13.70±0.19* 13.23±0.17* 14.06±0.14* 13.10±0.19*† 
MCV 10 60.60 ± 0.42* 55.00 ± 0.32 d† +53.26 ± 2.92 d +54.00 ± 0.58d* 56.80 ± 0.3 d 54.00 ± 0.22d† 56.00 ± 0.22 d 54.50 ± 0.15d† 


 20 62.72 ± 0.65* 52.00 ± 0.45 d† 63.00 ± 1.38* 52.00 ± 0.26d† 59.40 ± 0.42 c 53.00 ± 0.22 d† 58.80 ± 0.26d 50.70 ± 0.30d† 
 30 56.00 ± 0.26* 52.20 ± 0.66 d† 55.60 ± 0.51* 51.60 ± 0.42d† 56.00 ± 0.45* 51.33 ± 0.46 d† 54.80 ± 0.59* 52.33 ± 0.15d† 


 40 56.50 ± 0.55* 51.60 ± 0.51 d† 61.20 ± 0.49 d 52.50 ± 0.41d† 59.60 ± 0.55 c 52.25 ± 0.13 d† 58.00 ± 0.22* 51.00 ± 0.22d† 


MCH 
(pg) 


10 19.86 ± 0.08*  18.20 ± 0.18 d† +18.68 ± 0.24 c +18.47 ± 0.14d 18.51 ± 0.19 d   17.70 ± 0.11 d† 17.77 ± 0.07 d 18.46 ± 0.13d†   


 20 19.58 ± 0.25* 17.55 ± 0.07 d† 19.30 ± 0.26* 18.08 ± 0.20 d† 18.68 ± 0.22 b   17.53 ± 0.15 d† 17.53 ± 0.11 d 17.27 ± 0.06 d   


 30 18.84 ± 0.06* 16.90 ± 0.20 d† 18.40 ± 0.22* 17.66 ± 0.15 c† 18.88 ± 0.18* 17.64 ± 0.25 c† 17.46 ± 0.15 d 17.70 ± 0.07c 


 40 19.18 ± 0.56* 17.88 ± 0.18 c† 18.68 ± 0.17* 18.15 ± 0.10 b 18.66 ± 0.27* 17.13 ± 0.23 d† 18.84 ± 0.61* 17.23 ± 0.15 d† 


MCHC 
(g/dl) 


10 32.86 ± 0.26* 33.10 ± 0.03* +32.83 ± 0.39* +34.26 ± 0.35c† 32.53 ± 0.43* 32.72 ± 0.20* 31.76 ± 0.09 b 34.36 ± 0.15d† 


 20 31.30 ± 0.23* 33.75 ± 0.42d† 30.92 ± 0.16* 34.56 ± 0.24 d† 31.53 ± 0.17* 33.23 ± 0.12d† 29.83 ± 0.14 d 33.93 ± 0.18 d† 


 30 33.78 ± 0.08* 32.46 ± 0.42c† 33.10 ± 0.16* 34.28 ± 0.23*† 33.76 ± 0.13* 34.10 ± 0.23* 31.93 ± 0.10 d 33.90 ± 0.08*† 


 40 31.30 ± 0.08* 34.58 ± 0.35d† 30.53 ± 0.13 a 34.38 ± 0.19 d† 31.26 ± 0.22* 32.80 ± 0.45d† 30.18 ± 0.27 c 33.78 ± 0.24d† 


PLAT. 
(x109/l) 


10 1076.00±17.26* 1142.50±21.79* +984.80±27.28* +851.07±52.80c† 985.40±34.80* 999.80±62.94* 1110.80±11.15* 984.25±35.37*† 


 20 1151.00±8.76* 763.00±189.62* 1000.20±19.45a 1022.50±28.84 a 940.80±33.40c 1185.67±66.63*† 1195.00±35.30* 1167.33±36.03* 


 30 1048.80±2186* 1042.50±40.92* 729.40±36.32* 1129.80±57.16*† 990.80±27.03* 693.33±101.41* 908.26±13.75* 784.33±41.92* 


 40 1192.80±25.60* 965.20±71.37c† 971.60±33.36 c 1066.75±39.01a 983.80±41.09c 928.50±25.57 d 1070.60±44.90a 1100.75±28.17* 
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Table 3.2.2: The leukocyte count and differential leukocyte analysis of rats treated with ethanol and/or chloroquine and fed low or normal protein diet.         


Subgroups of rats 


parameters Duration of 
treatments 


NPC  
n=6 


LPC 
n=5 


NPE 
n=(+6) 5 


LPE 
n=(+5) 6 


NPQ 
n=6 


LPQ 
n=7 


NPEQ 
n=7 


LPEQ 
n=7 


Total  WBC 
count 


10 5.75 ± 0.64* 8.80 ± 0.18c† +5.26 ± 0.47* +7.08 ± 0.99*† 5.33 ± 0.37* 7.86 ± 0.67 b† 4.83 ± 0.40* 5.70 ± 0.24* 


 20 6.31 ± 0.66* 6.99 ± 0. 25* 5.96 ± 0.43* 9.88 ± 0.75 d† 7.88 ± 0.41* 9.27 ± 0.09 c 5.96 ± 0.30* 6.17 ± 0.19* 


 30 5.20 ± 0.49* 7.10 ± 0.31a† 5.34 ± 0.98* 7.88 ± 0.19 b† 5.03 ± 0.49* 6.70 ± 0.56*†  5.80 ± 0.42* 6.80 ± 0.49 a 


 40 4.72 ± 0.45* 6.68 ± 0.49 a† 7.25 ± 0.54 b 8.88 ± 0.92 d 4.53 ± 0.42* 11.48±1.40 d† 6.48 ± 0.44 a 8.28 ± 0.58 d† 


          


Lymphocytes. 10 3.88 ± 0.50*  4.24 ± 0.55* +3.88 ± 0.50* +4.78 ± 0.55* 3.78 ± 0.50* 6.32 ± 0.46*† 3.47 ± 0.46* 6.29 ± 0.46*† 


 20 3.92 ± 0.50* 4.85 ± 0.55* 3.84 ± 0.55* 7.49 ± 0.50c† 4.59 ± 0.50* 6.61 ± 0.46*† 3.76 ± 0.46* 5.07 ± 0.46*† 


 30 4.21 ± 0.50*  5.47 ± 0.55* 3.86 ± 0.55* 5.55 ± 0.50*† 3.76 ± 0.50* 4.55 ± 0.46* 4.46 ± 0.46* 5.23 ± 0.46* 


 40 3.49 ± 0.50* 6.63 ± 0.55a† 5.07 ± 0.55* 6.85 ± 0.50b† 3.79 ± 0.50* 7.86 ± 0.46d† 4.52 ± 0.46* 4.72 ± 0.46* 


          


Neutrophils. 10 1.71 ± 0.22*  1.35 ± 0.24* +1.28 ± 0.22* +2.06 ± 0.24*† 1.42 ± 0.22* 1.39 ± 0.20* 1.26 ± 0.20* 1.45 ± 0.20* 


 20 2.28 ± 0.22* 1.18 ± 0.24*† 2.76 ± 0.24* 2.22 ± 0.22* 3.16 ± 0.22* 2.74 ± 0.20* 2.09 ± 0.20* 1.58 ± 0.20* 


 30 0.86 ± 0.22* 1.43 ± 0.24* 1.36 ± 0.24* 2.23 ± 0.22b† 1.20 ± 0.22* 2.05 ± 0.20a† 1.21 ± 0.20* 1.50 ± 0.20* 


 40 1.13 ± 0.22* 1.98 ± 0.24*† 2.04 ± 0.24* 1.75 ± 0.22* 0.65 ± 0.22* 3.41 ± 0.20*† 1.77 ± 0.20* 1.62 ± 0.20* 


          


Eosinophils. 10 0.08 ± 0.03* 0.06 ± 0.04* +0.05 ± 0.03* +0.23 ± 0.04*† 0.05 ± 0.03* 0.08 ± 0.03* 0.06 ± 0.03* 0.21 ± 0.03*† 


 20 0.06 ± 0.03* 0.06 ± 0.04* 0.06 ± 0.04* 0.10 ± 0.03* 0.06 ± 0.03* 0.12 ± 0.03* 0.05 ± 0.03* 0.06 ± 0.03* 


 30 0.05 ± 0.03* 0.07 ± 0.04* 0.05 ± 0.04* 0.08 ± 0.03* 0.04 ± 0.03* 0.04 ± 0.03* 0.07 ± 0.03* 0.07 ± 0.03* 


 40 0.05 ± 0.03* 0.09 ± 0.04* 0.07 ± 0.04* 0.11 ± 0.03* 0.04 ± 0.03* 0.10 ± 0.03* 0.08 ± 0.03* 0.07 ± 0.03* 


          


Monocytes. 10 0.09 ± 0.04* 0.07 ± 0.04* +0.04 ± 0.04* +0.09 ± 0.04* 0.06 ± 0.04* 0.18 ± 0.03*† 0.05 ± 0.03* 0.18 ± 0.03*† 


 20 0.05 ± 0.04* 0.06 ± 0.04* 0.06 ± 0.04* 0.09 ± 0.04* 0.07 ± 0.04* 0.17 ± 0.03*† 0.07 ± 0.03* 0.07 ± 0.03* 


 30 0.07 ± 0.04* 0.07 ± 0.04* 0.06 ± 0.04* 0.05 ± 0.04* 0.04 ± 0.04* 0.15 ± 0.03*† 0.07 ± 0.03* 0.06 ± 0.03* 


 40 0.06 ± 0.04* 0.09 ± 0.04* 0.07 ± 0.04* 0.18 ± 0.04* 0.05 ± 0.04* 0.11 ± 0.03* 0.10 ± 0.03* 0.08 ± 0.03* 


Values are presented as means ± sem. (x109). n = no. of animals.  Values in the same row with different superscripts (alphabets) from NPC (controls) are significantly 


different from NPC.  


Values in the row with superscripts *(asterisks) are not significantly different from NPC. Significance levels = a (p < 0.05), b (p < 0.01), c (p < 0.001), d (p < 0.0001). 


Values in the same row with superscript † indicates significant dietary effect on a particular treatment (i.e. NPC/LPC, NPE/LPE etc) 
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Table 3.2.3: The level of significance of the analysis of variance on the interaction of ethanol and/or chloroquine on some haematological 


indices of rats fed low or normal protein diet.   


Source of  
Variation 


Mean squares 


Haematological indices Leukocyte count and differential anlaysis 


DF RBC HB HCT MCV MCH MCHC PLAT. WBC Lymph. Neut. Eosin. Mono. 


Among intervals 3 1.45c 4.62c 97.99c 61.45c 2.19c 13.13c 52473a 16.65c 6.10a 6.33c 0.02* 0.01* 


Among treatments 3 7.44c 2.77c 37.56c 15.16c 5.45c 3.69c 12684c 13.29c 3.99a 3.39c 0.0* 0.01* 


Interval x treatment 9 0.12* 1.4c 7.57a 19.26c 1.12c 1.65c 25136a 9.13c 3.41a 0.79a 0.01* 0.01* 


Between diets 1 7.33c 58.66c 394.45c 1466.07c 44.11c 178.50c 5428a 216.72c 145.40c 2.69a 0.07a 0.09a 


Interval x diets 3 1.06c 1.24a 67.53c 113.49c 1.36a 19.93 c 18275* 5.55* 2.85* 5.07c 0.01* 0.00 * 


Treatment x diets 3 0.27* 2.21c 32.71c 4.93* 5.09c 13.68 c 38177a 11.25a 2.71* 1.91c 0.01* 0.02* 


Interval x 
treatments x  
diets 


9 0.25* 0.97c 20.94c 12.84c 0.98c 1.28c 48092c 7.27c 5.27c 1.84c 0.01* 0.01* 


Mean square error 164 0.15 0.26 2.80 2.17 0.32 0.35 11581 2.12 1.50 0.28 0.01 0.01 


Values with superscripts * (asterisks) are not significant i.e. = not significant; significant levels a = p < 0.05; c = p < 0.001 
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3.2.2 Hb. 


The haemoglobin concentrations were significantly (P < 0.05) decreased in the LPC (20; 40d), NPE (10; 20)d, 


LPE (10 to 40d), NPQ (20d), LPQ (10; 20; 30d), NPEQ (20d) and LPEQ (10 to 40d) groups in comparison with 


the respective interval controls (Table 3.2.1). Low protein diet significantly reduced Hb concentration in LPC 


(20; 40d), LPE (10 to 40d), LPQ (10 to 30d), and LPEQ (10 to 40d) groups compared against their NP cohorts 


(Table 3.2.1).   


 


3.2.3 PCV 


Normal protein intake probably increased erythropoiesis at 30d and 40d and reversed the significantly 


depressed PCV value by E and Q treatment (NPE, 10 & 20d; NPQ 20d). The increased erythropoiesis was 


more in NPE-treated rats hence the significant increases in PCV values (20 and 30d), but normalized for both 


drugs at 40d (Fig. 3.2.2). Low protein intake exacerbated the depressive effects of E and Q in (LPE-) and 


significantly (p < 0.01) in LPQ-treated rats at 40d. Irrespective of the dietary status, Q seems to have slightly 


more reductive effect than E. Low protein diet significantly (P < 0.05) reduced PCV in LPC (20; 40d), LPE, 


LPQ and LPEQ (10 to 40d) compared against their NP cohorts (Fig. 3.2.2). 


 


3.2.4 MCV 


The MCV values were significantly (p < 0.05) reduced during all the intervals in LPC, LPE, LPQ and LPEQ 


groups, NPE (10 to 30d), NPQ (10; 20d) and NPEQ (10 to 30d) in comparison with respective interval control 


(NPC) (Table 3.2.1). Significant (p < 0.05) elevations were however recorded in the NPE and NPQ groups at 


40d. Low protein diet alone or in combination with ethanol and /or chloroquine significantly (p < 0.05) 


decreased MCV values during all intervals in comparison with their respective NP cohorts (Table 3.2.1).  


 


3.2.5 MCH 


In comparison with the respective interval controls, MCH values were significantly (p < 0.5) reduced in LPC, 


LPE and NPEQ (10 to 30d), NPE (10d), NPQ (10; 20d), LPQ and LPEQ (10 to 40d). However, LPC and LPE 


respectively showed significant (p < 0.05) increases in MCH value at 40d (Table 3.2.1). Low protein diet 
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significantly (p < 0.05) reduced MCH value in LPC, LPQ (10 to 40d), LPE (10 to 30d), and LPEQ (10; 40d) 


against their NP cohorts (Table 3.2.1) 


.  


3.2.6 MCHC 


The MCHC were significantly (p < 0.05) elevated in LPC and LPQ (20; 40d), LPE (10; 20; 40d) and LPEQ (10 


to 40d), while significant (p < 0.05) reductions in MCHC were noted in LPC (30d), NPE (40d), NPEQ (10 to 


40d) when compared with their respective interval control (NPC) as shown in Table 3.2.1.  Low protein diet 


significantly increased MCHC in LPC (20 to 40d), LPE and LPEQ (10 to 40d), LPQ (10; 40d) groups relative to 


their respective NP cohorts (Table 3.2.1).  


 


3.2.7 PLATELETS 


Platelet counts significantly (p < 0.05) decreased in LPC (40d), NPE and NPQ (20; 40d), LPE (10; 20; 40d), 


LPQ and NPEQ (40d) in comparison with the respective interval controls (Table 3.2.1). Low protein diet 


significantly (p < 0.05) decreased platelet counts in LPC (40d), LPE and LPEQ (10d respectively), but 


significant increase in LPE (30d) and LPQ (20d) groups, in comparison with their NP cohorts was observed.   


 


3.2.8 TOTAL AND DIFFERENTIAL WBC COUNT 


The results of WBC and differential counts are presented in Table 3.2.2. The counts were generally slightly 


higher in the LP-treated rats. However, time dependent increases were observed in NPEQ- and LPEQ-treated 


rats. The WBC count was significantly (p < 0.05) increased in LPC (10; 30; 40d), NPE (40d), LPE (20 to 40d), 


LPQ (10; 20; 40d), NPEQ (40d) and LPEQ (30; 40d) groups when compared with the respective interval 


controls (Table 3.2.2). Low protein diet significantly (p < 0.05) increased WBC count in LPC (10; 30; 40d), LPE 


(10 to 30d), LPQ (10; 20; 40d), and LPEQ (40d) groups of rats relative to their NP-treated cohorts (Table 


3.2.2). Significant increases in lymphocyte count occurred in LPC (40d), LPE (20; 40d), and LPQ (40d) groups 


of rats in comparison with the respective control groups (NPC; Table 3.2.2). Also LP diet significantly 


increased lymphocyte count in LPC (40d), LPE (20 to 40d), LPQ (10; 20; 40d) and LPEQ (10; 20d) in 


comparison with their NP cohorts (Table 3.2.2). Neutrophil count increased significantly in LPE and LPQ (30d 


respectively) when compared with the control at this interval (Table 3.2.2). Low protein diet significantly 
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increased neutrophil count in LPC (40d), LPE (10; 30d) and LPQ (30; 40d) when compared against their 


paired NP-treated cohorts (Table 3.2.2).   Low protein diet significantly increased eosinophil count in LPE and 


LPEQ (10d respectively) and monocyte count in LPQ (10d to 30) and LPEQ (10d) when compared against 


their NP-treated groups (Table 3.2.2).  


 


 


3.3 STUDIES ON SOME SELECT BIOCHEMICAL PARAMETERS 


 


3.3.0 Percentage change in body weight 


Generally, the percentage loss in body weight was significantly higher in LP-fed groups, compared to NP-fed 


groups of rats. The loss in body weight gain was significant in all the treatment groups, compared with NPC-


rats, as well as in LPE-, LPQ- and LPEQ-rats, compared with LPC-rats (Table 3.3.1). Though, the percentage 


change in body weight of NPEQ-rats increased marginally over time, decreases were observed amongst all 


other treatment groups between 30d and 40d sacrifices. The LPEQ-rats had actually lost some weight at 40d 


sacrifice (Fig. 3.3.1).  
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Table 3.3.1: Change in body weights (%) of rats treated with ethanol and/or chloroquine and fed low or normal protein diets for 


10 to 40 days: Significance of differences 


 


Duration of 
treatment 
(days) 


NPC/NPE NPC/NPQ NPC/NPEQ NPC/LPC NPC/LPE NPC/LPQ NPC/LPEQ LPC/LPE LPC/LPQ LPC/LPEQ 


 


10 s** s** s* s* s** s** s** s** s** s** 


20 ns s* s** s** s* s** s** ns s* s** 


30 s** s** s**  s** s** s** s** s* s** s** 


40 s** s** s** s** s** s** s** s* s** s** 


ns = not significantly different; s* = significantly different at p < 0.05; s** = p < 0.001. Shown are p-values of all treatment groups compared with NPC 


rats, and, LPC rats compared to LPE-, LPQ- and LPEQ-rats.  


Key: NPC; NPE; and NPQ: Normal protein, control; ethanol; and chloroquine respectively. LPC; LPE; and LPQ:  Low Protein, control;  


ethanol; and chloroquine, respectively. NPEQ and LPEQ: Normal and Low protein, ethanol and chloroquine combined. 
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Figure 3.3.1: Body weight changes (%) in rats fed low or normal protein diets and treated with ethanol and/or 


chloroquine for 10 to 40 days. 
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3.3.1 Relative organ weights 


The effects of the treatments on relative organ weights are as shown in Figures 3.3.2 – 3.3.8. 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 3.3.2: The relative (%) weight of the heart in ethanol and/or chloroquine treated rats fed normal or low 


protein diet for 40 days. Normal protein group (NP) rat groups compared with low protein (LP) rat groups. At 


each period of sacrifice, NP columns (values ± sem) with different letters from LP columns are significantly 


different, p < 0.001; b* = p < 0.05; † = p < 0.01, columns with similar letters are not significantly different (e.g. 


NPC/LPC: a = a; „a‟ significantly different from „b‟ at p < 0.001; or b* at p < 0.05; etc).  


 


. 
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Figure 3.3.3: Mean relative (%) weight of the kidneys of ethanol and/or chloroquine treated rats, fed normal or 


low protein diet for 40 days. Normal protein (NP) rat groups compared with low protein (LP) rat groups. At each 


period of sacrifice, NP columns (values ± sem) with different letters from LP columns are significantly different, 


p < 0.001; * = p < 0.05; † = p < 0.01, columns with similar letters are not significantly different (e.g. NPC/LPC: 


a = a; „a‟ significantly different from, „b‟ at p < 0.001; or b* at p < 0.05; or „b†‟ at p < 0.01, etc). 
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Figure 3.3.4: Mean relative (%) weight of the lungs of ethanol and/or chloroquine treated rats, fed normal or 


low protein diet for 40 days. Normal protein (NP) rat groups compared with low protein (LP) rat groups. At each 


period of sacrifice, NP columns (values ± sem) with different letters from LP columns are significantly different, 


p < 0.001; * = p < 0.05; † = p < 0.01, columns with similar letters are not significantly different (e.g. NPC/LPC: 


a = a; „a‟ significantly different from, „b‟ at p < 0.001; or b* at p < 0.05; or „b†‟ at p < 0.01, etc). 
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Figure 3.3.5: Mean relative (%) weight of the liver of ethanol and/or chloroquine treated rats, fed normal or low 


protein diet for 40 days. Normal protein (NP) rat groups compared with low protein (LP) rat groups. At each 


period of sacrifice, NP columns (values ± sem) with different letters from LP columns are significantly different, 


p < 0.001; * = p < 0.05; † = p < 0.01, columns with similar letters are not significantly different (e.g. NPC/LPC: 


a = a; „a‟ significantly different from, „b‟ at p < 0.001; or b* at p < 0.05; or „b†‟ at p < 0.01, etc). 
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Figure 3.3.6: Relative weight (%) of the spleen of rat groups treated with ethanol and/or chloroquine while 


placed on low or normal protein diets for 40 days. Normal protein (NP) rat groups compared with low protein 


(LP) rat groups. At each period of sacrifice, NP columns (values ± sem) with different letters from LP columns 


are significantly different, p < 0.001; * = p < 0.05; † = p < 0.01, columns with similar letters are not significantly 


different (e.g. NPC/LPC: a = a; „a‟ significantly different from, „b‟ at p < 0.001; or b* at p < 0.05; or „b†‟ at p < 0.01, 


etc). 
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Figure 3.3.7: Relative weight of the pancreas (%) of rat groups treated with ethanol and/or chloroquine while 


placed on low or normal protein diets for 40 days. Normal protein (NP) rat groups compared with low protein 


(LP) rat groups. At each period of sacrifice, NP columns (values ± sem) with different letters from LP columns 


are significantly different, p < 0.001; * = p < 0.05; † = p < 0.01, columns with similar letters are not significantly 


different (e.g. NPC/LPC: a = a; „a‟ significantly different from, „b‟ at p < 0.001; or b* at p < 0.05; or „b†‟ at p < 0.01, 


etc). 
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Figure 3.3.8: Relative weight (%) of the adrenal glands of rat groups treated with ethanol and/or chloroquine 


while placed on low or normal protein diets for 40 days. Normal protein (NP) rat groups compared with low 


protein (LP) rat groups. At each period of sacrifice, NP columns (values ± sem) with different letters from LP 


columns are significantly different, p < 0.001; * = p < 0.05; † = p < 0.01, columns with similar letters are not 


significantly different (e.g. NPC/LPC: a = a; „a‟ significantly different from, „b‟ at p < 0.001; or b* at p < 0.05; or 


„b†‟ at p < 0.01, etc). 


 


 


Protein malnutrition, ethanol and/or chloroquine administration caused decreases in relative organ weights 


which were significant at different spatio-temporal periods in all the groups, compared with NPC-rats, as 


shown in Table 4.2A.   
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Table 3.3.2A and B: The comparison of relative organ weights (%) of rats treated with chloroquine, ethanol or both while placed on normal or low protein 


diet. 


A Treatment groups 


 DT NPC/NPE NPC/NPQ NPC/NPEQ NPC/LPC NPC/LPE NPC/LPQ NPC/LPEQ LPC/LPE LPC/LPQ LPC/LPEQ 
Heart 10 ns 


s* 
ns 
s 


s* 
s** 
ns 
s* 


s* 
s** 
ns 
s* 


s** 
s** 
ns 
s 


ns 
s** 
ns 
s 


ns 
s* 
ns 
s 


s 
s** 
ns 
s** 


s** 
ns 
ns 
ns 


s* 
s* 
ns 
ns 


ns 
ns 
ns 
ns 


20 
30 
40 


Kidneys 10 s 
ns 
ns 
s 


s* 
s** 
s 
ns 


s** 
s* 
ns 
ns 


s** 
s* 
ns 
s 


ns 
s** 
ns 
ns 


s** 
s* 
s* 
s 


s** 
s** 
s 
s 


s* 
ns 
ns 
ns 


ns 
ns 
ns 
ns 


s 
s** 
ns 
ns 


20 
30 
40 


Lungs 10 ns 
ns 
ns 
ns 


ns 
ns 
ns 
ns 


s 
s 
ns 
ns 


s* 
s 
ns 
ns 


s* 
ns 
ns 
ns 


ns 
s** 
ns 
ns 


ns 
ns 
ns 
ns 


s** 
s* 
ns 
ns 


s 
s** 
ns 
ns 


s** 
ns 
ns 
ns 


20 
30 
40 


Liver 10 ns 
s* 
ns 
ns 


s* 
ns 
s 
ns 


s* 
ns 
ns 
s* 


s* 
s* 
ns 
ns 


s* 
ns 
s 
s* 


s** 
s* 
ns 
0.050 


s** 
ns 
s 
s* 


ns 
s** 
ns 
ns 


s 
ns 
ns 
ns 


s 
s** 
ns 
ns 


20 
30 
40 


Spleen 10 s** 
s 
ns 
s 


s** 
ns 
s 
ns 


s** 
s* 
s 
s 


s** 
ns 
s* 
s* 


ns 
s* 
s** 
s 


s* 
s* 
s** 
s 


s* 
s** 
s** 
s* 


s** 
ns 
s 
ns 


s** 
ns 
s** 
ns 


s* 
s* 
s 
ns 


20 
30 
40 


Pancreas 10 s 
ns 
ns 
ns 


s* 
ns 
ns 
ns 


s 
s** 
ns 
ns 


s* 
s 
s** 
s** 


ns 
s** 
ns 
ns 


ns 
s 
ns 
s** 


s* 
s** 
ns 
ns 


s 
0.051 
s** 
s 


ns 
ns 
s** 
ns 


s** 
s* 
s** 
s** 


20 
30 
40 


Adrenals 10 ns 
ns 
ns 
ns 


ns 
ns 
ns 
ns 


ns 
ns 
ns 
ns 


ns 
ns 
ns 
ns 


ns 
ns 
ns 
ns 


s** 
s** 
s 
s** 


s** 
ns 
ns 
s** 


ns 
ns 
ns 
ns 


s** 
s** 
0.050 
s** 


s** 
ns 
ns 
s** 


20 
30 
40 
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Table 3.3.2A and B continued  
B Further comparative analyses 


 DT NPE/NPQ NPE/NPEQ NPQ/NPEQ LPE/LPQ LPE/LPEQ LPQ/LPEQ NPEQ/LPEQ 


Heart 10 s 
ns 
ns 
ns 


ns 
s* 
ns 
ns 


ns 
ns 
ns 
ns 


s** 
s 
ns 
ns 


s** 
ns 
ns 
ns 


ns 
ns 
ns 
ns 


ns 
ns 
ns 
ns 


20 


30 


40 


Kidneys 10 ns 
s 
ns 
ns 


ns 
s 
s 
ns 


ns 
ns 
s* 
ns 


s** 
s* 
ns 
ns 


ns 
s 
ns 
ns 


s* 
s** 
ns 
ns 


ns 
s** 
s* 
ns 


20 


30 


40 


Lungs 10 ns 
ns 
ns 
ns 


ns 
ns 
ns 
ns 


ns 
s 
s 
ns 


s* 
ns 
ns 
ns 


ns 
s 
ns 
s* 


s 
s** 
ns 
ns 


s** 
ns 
ns 
s 


20 


30 


40 


Liver 10 ns 
s 
ns 
ns 


ns 
s* 
ns 
ns 


ns 
ns 
s 
ns 


ns 
s** 
ns 
ns 


s 
ns 
ns 
ns 


s** 
s** 
ns 
ns 


ns 
ns 
s 
ns 


20 


30 


40 


Spleen 
 


10 ns 
s* 
s 
ns 


s* 
s** 
s 
ns 


ns 
ns 
ns 
ns 


s 
ns 
ns 
ns 


s 
ns 
ns 
ns 


ns 
s 
ns 
ns 


s** 
ns 
s* 
ns 


20 


30 


40 


Pancreas 10 ns 
ns 
ns 
ns 


ns 
s 
s 
ns 


ns 
ns 
0.051 
ns 


ns 
s 
ns 
s 


s* 
ns 
ns 
ns 


s** 
s* 
0.051 
s** 


s** 
s 
ns 
ns 


20 


30 


40 


Adrenals 10 ns 
ns 
ns 
ns 


ns 
ns 
ns 
ns 


ns 
ns 
ns 
ns 


s** 
s** 
ns 
s** 


s* 
ns 
ns 
s* 


ns 
s** 
s 
ns 


s** 
ns 
ns 
s** 


20 


30 


40 


DT: Duration of treatments; s = p < 0.05; s* = p < 0.01; s** = p < 0.001; ns = not significant. Table (3.3.2A), the p-values of all treatment groups compared with NPC 


rats, and also, LPC rats compared to LPE-, LPQ- and LPEQ-rats. (3.3.2B) show p – values of comparison of groups fed same diets but placed on different treatments. 


Key: NPC; NPE; NPQ: Normal protein, control; ethanol; chloroquine, respectively. LPC; LPE; LPQ:  Low Protein, control; ethanol; and chloroquine, respectively. NPEQ 


and LPEQ: Normal and Low protein, ethanol and chloroquine combined. 
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The relative organ weights were significantly reduced, compared with the NPC rats at the following spatio-


temporal periods, (Table 3.3.2A),  the relative weight of the heart (Fig. 3.3.2) was reduced in NPE, LPE, and 


LPQ at 20d and 40d;  and at 10d, 20d, 40d in all other treated groups).  


 


The relative weight of the kidneys (Fig. 3.3.3) were reduced in; NPE: at 10d, 40d; NPQ at 10d – 30d; NPEQ at 


10d – 20d; as well as in LPC at 10d – 20d, and 40d; LPE at 20d; LPQ and LPEQ at 10d – 40d). 


  


Also, the relative weight of the Lungs (Fig.3.3.4) were reduced in NPEQ and LPC at 10d – 20d; LPE at 10d 


and in LPQ at 20d.  


 


The relative weight of the liver was also reduced (Fig. 3.3.5) in; NPE at 20d; in NPQ (10d, 30d); NPEQ (10d, 


40d); LPC (10d – 20d); LPE and LPEQ (10d, 30d – 40d respectively); LPQ (10d – 20d), and 40d{p = 0.05}).  


 


The relative weight of the spleen (Fig. 3.3.6) was accordingly reduced  in; NPE (at 10d – 20d and 40d); NPQ 


(10d and 30d); NPEQ, LPQ, LPEQ (10d – 40d, respectively); LPC (at 10d and 30d – 40d); LPE (at 20d – 40d), 


and in pancreas (Fig. 3.3.7) (at 10d in NPE, NPQ, NPEQ, LPC and LPEQ rats, respectively, and at 20d in 


NPEQ, LPC, NPE and LPEQ rats, respectively, and at 30d and 40d in LPC, also at 40d in LPQ rat).  In the 


adrenal glands (Fig. 3.3.8), the relative weights were reduced in LPQ at 10d – 40d and in LPEQ at 10d and 


40d).   


 


Also, significant reductions in relative organ weights were recorded at the following spatio-temporal periods of 


sacrifice compared with LPC rats, as follows: (Table 3.3.2A) in the liver, in LPQ (10d), LPE and LPEQ (20d); 


spleen, in LPEQ (20d – 30d), in LPE and LPQ (30d); pancreas, in LPE, LPEQ (20 – 40d), and LPQ (30d) 


(Table 3.3.2A). On the other hand, significant increases were recorded in the relative weights as follows: in the 


heart, in LPE (10d) and LPQ (10d and 20d); kidneys, in LPE and LPEQ (10d); lungs, in LPE, LPQ (10 and 


20d) and in LPEQ (10d) and adrenals, in LPQ (10 – 40d) and in LPEQ (10d, 40d) rats relative to LPC rats at 


the respective periods of sacrifice (Table 3.3.2A).  
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The comparison between NPE/NPQ (Table 3.3.2B) showed significant reductions in the relative organ weights 


at the following spatio-temporal periods: heart (10d), kidneys (10d), liver (20d) and spleen (20d, 30d) in NPQ 


rats group, while LPE/LPQ showed significant reductions in the LPQ rats: heart, kidneys, lungs, liver and 


spleen at 10d, pancreas and adrenals at 40d. However, significant increases occurred in LPE, compared with 


LPQ: heart, kidneys, liver and pancreas at 20d and at 10d – 20d in the adrenal gland (Table 3.3.2B).  


 


Among the combined treatment groups (i.e. NPEQ and LPEQ rats) significant (p < 0.05) reductions were 


recorded in the NPEQ rats, compared with either NPE or NPQ rats, in the following spatio-temporal periods: in 


heart (20d against NPE ), kidneys (20d – 30d; 30d against NPQ), lungs (20d – 30d against NPQ ), liver (20D, 


30d, respectively), spleen (10d – 30d against NPE), and pancreas (20d – 30d against NPE). Similarly, 


significant decreases were noted in LPEQ rats relative to either LPE or LPQ rats as follows: heart  (10D 


against LPE), kidneys (20d, respectively against LPE and LPQ), lungs (20d, 40d against LPE, 20D/LPQ), liver 


(10d, 20d, respectively), spleen (10d, 20d, respectively against LPE and LPQ), pancreas (at 10d against LPE, 


10d – 30d against LPQ) and adrenals (at 40d against LPE, 20 – 30d against LPQ) rats (Table 3.3.2B). A 


greater decrease in relative organ weights occurred in LPEQ rats, compared to NPEQ rats. Furthermore, 


significant reductions were noted in NPQ and NPEQ rats, LPQ and LPEQ rats compared, respectively, with 


NPE and LPE rats, and in NPEQ and LPEQ rats, respectively, compared with NPQ and LPQ rats (Table 


3.3.2B).  


 


3.3.2 Serum biochemistry 


The results are as presented in Figures. 3.3.9 – 3.3.16 and Tables 3.3.3A and B. 


 


3.3.2.1 Total protein 


Total protein was significantly (p < 0.05) reduced in all the NP-treated rats in comparison with the respective 


control rat groups as follows: (NPE: 20d – 40d; NPQ: 10d – 40d; NPEQ: 10d and 30d) and in LP-treated rats 


(LPE: NPQ and LPEQ: 20d and 30d respectively) (Fig. 3.3.9, Table 3.3.3A and B). However, within the NPE-, 


NPQ- and NPEQ - rat groups, elevated TP levels were recorded at 40d (Fig. 3.3.9). These elevated levels in 


NPE and NPQ rats (40d) remained significantly (p < 0.05) lower than in control rats (Table 3.3.3A). 
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Chloroquine generally reduced TP levels more than E in NP-treated groups (Fig. 3.3.9). Total protein levels 


were significantly (p < 0.05) reduced in LPC (10d – 40d); LPE (10d, 30d – 40d); LPQ (10d, 40d); and in LPEQ 


(20d – 40d), compared to NPC, NPE, NPQ and NPEQ rat groups, respectively (Table 3.3.3A and B). The 


lowest TP level was recorded in LPEQ-rats at 30d and 40d (Fig. 3.3.9).  


 


 


 


Figure 3.3.9: Serum total protein (TP) levels (means) in rats fed normal or low protein diet and treated with 


ethanol and/or chloroquine for 40 days. Normal protein (NP) rat groups compared with low protein (LP) rat 


groups. At each period of sacrifice, NP columns (values ± sem) with different letters from LP columns are 


significantly different, p < 0.001; * = p < 0.05; † = p < 0.01, columns with similar letters are not significantly 


different (e.g. NPC/LPC: a = a; „a‟ significantly different from, „b‟ at p < 0.001; or b* at p < 0.05; or „b†‟ at p < 0.01, 


etc). 
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Table 3.3.3A and B: Comparison (p – values) of some biochemical parameters of male Sprague-Dawley rat: Effects of ethanol 


and/or chloroquine in rats placed on low or normal protein diet. 


A1 Treatment groups A2 


 DT NPC/NPE NPC/NPQ NPC/NPEQ NPC/LPC NPC/LPE NPC/LPQ NPC/LPEQ LPC/LPE LPC/LPQ LPC/LPEQ 


TP (g/dl) 10 ns 
s* 
s** 
s** 


s* 
s** 
s** 
s** 


s** 
ns 
s** 
ns 


s 
s** 
s** 
s** 


s 
s* 
s** 
s** 


ns 
s** 
s** 
s** 


s 
s** 
s** 
s** 


ns 
s** 
s* 
ns 


ns 
s** 
s 
ns 


ns 
s** 
s** 
ns 


20 


30 


40 


Alb (g/dl) 10 s** 
ns 
ns 
s** 


s 
s* 
s 
s** 


ns 
ns 
ns 
s** 


ns 
s** 
s** 
s** 


ns 
s 
ns 
s** 


ns 
ns 
ns 
s** 


ns 
s 
s** 
s** 


ns 
s** 
s** 
ns 


ns 
s** 
s* 
ns 


ns 
s** 
ns 
ns 


20 


30 


40 


c 
 
Glob (g/dl) 


10 s** 
s 
s** 
s** 


** 
s 
s** 
ns 


s** 
ns 
s** 
s** 


ns 
s** 
s** 
s** 


ns 
s 
s** 
s** 


ns 
s** 
s** 
s** 


s* 
s* 
s** 
s** 


ns 
s 
s** 
ns 


ns 
ns 
s** 
ns 


ns 
s 
s** 
ns 


20 


 


30 


40 


A/G ratio 10 ns 
ns 
ns 
s 


s** 
ns 
ns 
ns 


s* 
ns 
ns 
s* 


ns 
ns 
ns 
ns 


ns 
ns 
s** 
ns 


ns 
ns 
s** 
ns 


ns 
ns 
s** 
ns 


ns 
ns 
s** 
ns 


ns 
ns 
s* 
ns 


ns 
ns 
s* 
ns 


20 


30 


40 


Alp (IU/l) 10 s** 
s** 
s** 
s** 


s 
s** 
s** 
s** 


s** 
s** 
s** 
s** 


s** 
s** 
s** 
s** 


s** 
s** 
s** 
s** 


s** 
s** 
s** 
s** 


s** 
s** 
s** 
s** 


s** 
s** 
s* 
s** 


s** 
s** 
ns 
s** 


s** 
s** 
s** 
s** 


20 


30 


40 


Alt (IU/l) 10 s 
s** 
s** 
s** 


s** 
s** 
s** 
s** 


s** 
s** 
s** 
s** 


ns 
ns 
ns 
ns 


ns 
s** 
s** 
s** 


s** 
s** 
s** 
s** 


s** 
s** 
s** 
s** 


ns 
s** 
s** 
s** 


s** 
s** 
s** 
s** 


s** 
s** 
s** 
s** 


20 


30 


40 


Urea 
(mmol/l) 


10 ns 
ns 
ns 


ns 
ns 
ns 


ns 
ns 
ns 


s** 
s** 
s** 


s** 
s** 
s** 


s** 
s** 
s** 


s** 
s** 
s** 


s* 
s* 
s** 


ns 
s** 
s** 


ns 
ns 
ns 


20 


30 
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40 ns s** s s** s** ns s** s* s** ns 


Creatinine 10 ns 
ns 
s* 
s** 


s* 
s* 
ns 
s** 


s* 
s* 
ns 
s** 


s** 
ns 
ns 
ns 


s** 
s* 
ns 
ns 


s** 
s 
ns 
s** 


s* 
ns 
ns 
ns 


ns 
s** 
ns 
s 


ns 
s 
s* 
s** 


s* 
ns 
ns 
s 


20 


30 


40 


B Further comparative analysis 


  NPE/ 
NPQ 


NPE/ 
NPEQ 


NPQ/NPEQ LPE/LPQ LPE/LPEQ LPQ/LPEQ NPEQ/LPEQ NPE/LPE NPQ/LPQ  


TP (g/dl) 10 s 
ns 
s** 
ns 
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DT: Duration of treatment; Table shown are p-values only; (4.3A): (A1) show p-values of all treatment groups compared with NPC rats, (A2) LPC 


compared to LPE-, LPQ- and LPEQ-rats. (4.3B) show p – values of comparison of groups fed same diets but placed on different treatments; also 


groups placed on similar treatments but fed different diets. s = p < 0.05; s* = p < 0.01; s** = p < 0.001; ns = not significant. Key: NPC; NPE; NPQ: 


Normal protein, control; ethanol; chloroquine, respectively. LPC; LPE; LPQ:  Low Protein, control; ethanol; and chloroquine, respectively. NPEQ and 


LPEQ: Normal and Low protein, ethanol and chloroquine combined. 
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3.3.2.2 Albumin 


Ethanol and chloroquine treatments in NP-fed rats significantly (p < 0.05) reduced plasma albumin in NPE: 


40d, NPQ: 20d – 40d, and in NPEQ: 40D compared with the controls (Fig. 3.3.10, Table 3.3.3A). In LP-fed 


rats, E and Q elevated (p < 0.05) albumin levels in LPE and LPQ (20d and 30d, respectively), followed by a 


slight reduction at 40d (Table 3.3.3A, Fig. 3.3.10). Significant reduction was also recorded in LPEQ-rats on 


20d. The lowest albumin level was recorded in LPEQ rats on 40d (Fig. 3.3.10). Albumin levels were 


significantly (p < 0.05) lower in LPC (20d – 40d), compared to NPC (Table 3.3.3A, Fig. 3.3.10).        


 


 


 


 


Figure 3.3.10: Serum albumin (Alb) levels (means) in rats treated with ethanol and/or chloroquine and fed 


normal or low protein diet for 40 days. Normal protein (NP) rat groups compared with low protein (LP) rat 


groups only. At each period of sacrifice, NP columns (values ± sem) with different letters from LP columns are 


significantly different, p < 0.001; * = p < 0.05; † = p < 0.01, columns with similar letters are not significantly 


different (e.g. NPC/LPC: a = a; „a‟ significantly different from, „b‟ at p < 0.001; or b* at p < 0.05; or „b†‟ at p < 0.01, 


etc). 
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3.3.2.3 Globulin 


Globulin was significantly (p < 0.05) reduced in all the treated rats groups (except in NPQ-rats at 40d; NPEQ: 


20d; LPC: LPE: and LPQ: at 10d) compared with the respective NPC- rat groups (Table 3.3.3A).  Compared 


with LPC-rats, showed significantly (p < 0.05) elevated globulin levels in LPE and LPEQ at 20d, followed by a 


significant reduction at 30d, (Table 3.3.3A, Fig. 3.3.11). Significant elevations were recorded in NPE, 


compared to NPQ at 30d – 40d, and in NPEQ, compared to NPE at 20d. Globulin was significantly reduced in 


NPQ rats at 20d – 40d, compared to NPEQ rats (Table 3.3.3B). There were significant reductions in LPC (30d 


– 40d), LPE (10d, 30d – 40d), LPQ (10d, 20d) and LPEQ (30d – 40d) rat groups, compared with NPC, NPE, 


NPQ and NPEQ rat groups, respectively (Table 3.3.3B). 


 


 


 


 


 


 


 


 


 


 


Figure 3.3.11: Serum globulin (Glb) levels (means) in rats fed normal or low protein diet and treated with 


ethanol and/or chloroquine for 40 days. Normal protein (NP) rat groups compared with low protein (LP) rat 


groups only. At each period of sacrifice, NP columns (values ± sem) with different letters from LP columns are 


significantly different, p < 0.001; * = p < 0.05; † = p < 0.01, columns with similar letters are not significantly 


different (e.g. NPC/LPC: a = a; „a‟ significantly different from, „b‟ at p < 0.001; or b* at p < 0.05; or „b†‟ at p < 0.01, 


etc). 
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3.3.2.4 Albumin:globulin (A/G) ratio 


Albumin:globulin ratio was generally increased by E and Q in the treated groups (NP and LP) compared with 


the control values. The adverse effects were profound after 40d exposure, especially, in LP treated groups. 


The increases were significant (p < 0.05) in NPQ and NPEQ at 10d and in LPE, LPQ and LPEQ rats at 30d, 


compared with the respective NPC- rat groups (Table 3.3.3, Fig. 3.3.12). The initial increases in NPE, NPQ 


and NPEQ groups were followed by decreases in these rat groups at 20d – 40d. In LP rats, significant (p < 


0.05) elevations were recorded at 30d in LPE, LPQ and LPEQ rat groups compared, respectively, with LPC rat 


groups (Table 3.3.3A).  


 


 


 


Figure 3.3.12: Albumin/globulin ratio of rats fed normal or low protein diet and treated with ethanol, 


chloroquine or both for 40 days. Means of normal protein (NP) rat groups and low protein (LP) rat groups, 


compared. At each period of sacrifice, NP columns (values ± sem) with different letters from LP columns are 


significantly different, p < 0.001; * = p < 0.05; † = p < 0.01, columns with similar letters are not significantly 


different (e.g. NPC/LPC: a = a; „a‟ significantly different from, „b‟ at p < 0.001; or b* at p < 0.05; or „b†‟ at p < 0.01, 


etc). 
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3.3.2.5 ALP and ALT 


Ethanol and Q treatments significantly (p < 0.05) increased ALP and ALT levels in LP- and NP-treated groups 


(10d – 40d), compared with the control groups, except at 30d in LPQ rats, compared with LPC (Table 3.3.3A, 


Figs. 3.3.13 and 3.3.14). Ethanol was more potent than Q irrespective of dietary regime. The elevations in ALP 


activity following E treatment were significant in NPE at 10d, 20d and 40d; and in LPE (10d, 30d – 40d), 


compared, respectively to Q treated groups (NPQ and LPQ groups) (Figs. 3.3.13 and 3.3.14). At 10d, the ALP 


values in NPEQ rats were significantly lower than the values in NPE and NPQ rat groups, and at 30d, non-


significantly lower than the values in NPE and NPQ rat groups.  The ALP values in LPEQ significantly (p < 


0.05) increased against the values in LPQ (10d – 40d) and LPE (20d – 40d). However, ALP value was 


significantly reduced in LPEQ against LPE at 10d (Table 3.3.3A and B, Fig. 3.3.13). The ALP activities were 


significantly (p < 0.05) elevated in low protein diet, in LPC (10d – 40d); LPE (10d, 30d – 40d); LPQ (10d – 20 


and 40); and in LPEQ (10d – 40d), compared, respectively with the NP- groups (Table 3.3.3A).  


 


Elevations in ALT values following ethanol treatment were significantly (p < 0.05) increased in NPE and LPE 


rat groups at (10d, 30 and 40d) compared to Q treated groups (NPQ and LPQ) (Table 3.3.3B).  In NPEQ rat 


group, ALT values were significantly (p < 0.05) elevated, compared to the values recorded in NPE (10d) and 


NPQ (10d – 40d) rats groups (Table 3.3.3B). The values of ALT in LPEQ rats groups were elevated (p < 0.05), 


compared to the values in LPE and LPQ rat groups, except at 30d in LPE rat group (Table 3.3.3B, Fig. 3.3.14). 


The ALP and ALT values were significantly (p < 0.05) higher in LPEQ, LPE, LPQ rats than in NPEQ (10d – 


40d), NPE (30d – 40d) and NPQ (10d, 40d) rat groups respectively (Table 3.3.3B, Fig. 3.3.14).  
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Figure 3.3.13: Serum ALP concentrations in rats administered ethanol and/or chloroquine with protein 


malnutrition for 40 days. 


 


 


 


 


 


 


 


 


Figure 3.3.14: Serum ALT concentrations in rats administered ethanol and/or chloroquine with protein 


malnutrition for 40 days. Serum ALP and ALT concentrations in normal protein (NP) rat groups and low protein 


(LP) rat groups, compared. At each period of sacrifice, NP columns (values ± sem) with different letters from 


LP columns are significantly different, p < 0.001; * = p < 0.05; † = p < 0.01, columns with similar letters are not 


significantly different (e.g. NPC/LPC: a = a; „a‟ significantly different from, „b‟ at p < 0.001; or b* at p < 0.05; or 


„b†‟ at p < 0.01, etc). 


 







 


71 
 


3.3.2.6 Urea  


Urea levels were significantly (p < 0.05) raised in all the treated rat groups on NP- diet compared to LP-rat 


groups (Table 3.3.3A, Fig. 3.3.15). Ethanol and/or Q with LP-diet significantly lowered (p < 0.05) urea levels in 


all LP treated rat groups, compared with NPC rat groups (Table 3.3.3A). Urea levels were significantly reduced 


in LPE (10d) and subsequently increased (20d – 40d), and in LPQ (20d and 40d) and LPEQ (10d – 40d), and 


also significantly increased, compared to LPC rats (Table 3.3.3A). In NP-dietary intake, E and Q treatments, 


respectively, caused significant reductions in urea levels in NPQ and NPEQ rats groups relative to NPC rats 


(Table 3.3.3A).  However, E more than Q treatment, reduced urea levels in LP-fed groups (Fig. 3.3.15). 


Further analysis showed a significant reduction in urea level in NPQ (40d), and elevation in NPEQ (30d) 


compared with NPE rats (Table 3.3.3B). However, significant elevations were noted in LPQ compared to LPE 


and LPEQ, and also significantly raised in LPE (20d – 40d), compared to LPEQ rats (Table 3.3.3B, Fig. 


3.3.15). 


 


  


 


 


 


 


 


 


 


 


 


Figure 3.3.15:  Serum levels of urea in rats administered with ethanol and/or chloroquine and fed normal or 


low protein diet for 40 days. Means in normal protein (NP) rat groups and low protein (LP) rat groups, 


compared. At each period of sacrifice, NP columns (values ± sem) with different letters from LP columns are 


significantly different, p < 0.001; * = p < 0.05; † = p < 0.01, columns with similar letters are not significantly 


different (e.g. NPC/LPC: a = a; „a‟ significantly different from, „b‟ at p < 0.001; or b* at p < 0.05; or „b†‟ at p < 0.01, 


etc). 
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3.3.2.7 Creatinine 


Treatment with ethanol and/or chloroquine significantly (p < 0.05) increased plasma creatinine levels in all the 


treated groups, compared with NPC rat groups, except at D20 in NPE, NPQ, NPEQ and LPC rat groups (Table 


3.3.3A, Fig. 3.3.16). Comparison with LPC rats showed significant elevations in the following treated groups, at 


the respective periods of sacrifice, as follows, in the, LPE (20d, 40d), LPQ (20d – 40d) and LPEQ (10d, 40d) 


(Table 3.3.3A). Significant reductions were recorded in NPQ (30d, 40d) and LPQ (30d), but was elevated in 


LPQ at D10 and d40, compared with NPE and LPE rat groups respectively (Table 3.3.3B). The combined 


treated groups (NPEQ, LPEQ) showed significantly reduced levels in NPEQ (40d) and LPEQ (20d), compared 


with NPQ and LPE, respectively (Table 3.3.3B). The comparisons between (NPE versus LPE,) (NPQ versus 


LPQ) showed significant elevation in LPE and LPQ (10d, 20d) (Fig. 3.3.16, Table 3.3.3B), while NPE versus 


NPQ; LPE versus LPQ, showed that the highest levels of creatinine were produced by Q, and not E, in NPQ 


and LPQ treated rats (Fig. 3.3.16). 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 3.3.16: Serum creatinine concentrations in ethanol-and/or chloroquine-treated rats, fed normal or low 


protein diet. Means in normal protein (NP) rat groups and low protein (LP) rat groups, compared. At each 


period of sacrifice, NP columns (values ± sem) with different letters from LP columns are significantly different, 


p < 0.001; * = p < 0.05; † = p < 0.01, columns with similar letters are not significantly different (e.g. NPC/LPC: 


a = a; „a‟ significantly different from, „b‟ at p < 0.001; or b* at p < 0.05; or „b†‟ at p < 0.01, etc). 
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3.3.2.8 Interactive analysis 


The statistical evaluation of the interactive analysis is shown in Table 3.3.4. There was significant interaction (p 


< 0.05) between the different combinations of the variables as shown in the table.  However, non- significant 


interactions were recorded in the following parameters: urea (interaction between the periods of sacrifice), TP 


(interaction between the different treatments) and A/G ratio (interaction between three variable combinations), 


as shown in Table 3.3.4. 
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Table 3.3.4: The level of significance of the analysis of variance (ANOVA) on the interaction of ethanol and/ chloroquine on some biochemical 


indices of rats fed  low or normal protein diet for 40 days.   


Source of Variation Mean squares 
DF TP Alb Glob A/G Ratio Alp Alt urea Crt. 


Between the periods of sacrifice  3 4202.0*** 363.8*** 2234.2*** 2.13** 61230** 37791*** 1.9NS 42592*** 
Among treatments 3 94NS 65.4*** 249.5*** 1.93** 68907** 244535*** 3.7* 5845*** 
Intervals x treatments 1 397*** 23.5*** 315.2*** 0.69NS          8760** 13311*** 2.5* 6105*** 
Between diets 9 10765*** 1453.9*** 4315.3*** 0.77NS 70433** 25406*** 450.3*** 851* 
Intervals x diets 3 4017*** 495.8*** 1871.3*** 2.82*** 20676** 1321* 14.8*** 9338*** 
Treatments x diets 3 358*** 30.9** 219.7** 1.26* 16954** 5641*** 16.5*** 637* 
Intervals x treatments x diets 9 369*** 58.2*** 190.3*** 0.57NS 3715** 1278* 4.5*** 697*** 
Mean square errors 164 45 6.7 36.9 0.40 180 444 0.8 199 


DF = Degrees of freedom; ns = not significant; *p < 0.05, **p < 0.01, ***p < 0.001. 
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3.4 HISTOLOGY OF THE TESTIS: MORPHOMETRY AND MICROSTEREOLOGY OF THE  
      TESTIS 
 


 


3.4.0 General findings 


 


A general increase was observed in the relative weights of the gonads of LP groups compared to the NP 


groups as well as in the gonads of LPC rats at 10 to 40 day sacrifices (i.e. 10d – 40d sacrifices) compared with 


NPC rats (Figs. 3.4.1 – 3.4.3). Relative gonadal weights decreased spatio-temporally in the treatment groups 


except in the testis of LPQ rats, epididymis of NPE and prostate glands of NPE which showed increased 


relative gonadal weights (Figs. 3.4.1 – 3.4.3). The stereologic and morphometric examination of the rat testis 


generally showed significant volume and dimensional changes (in all the treatments) characterized by 


reductions in all the parameters recorded at different spatio-temporal periods, relative to the control rat groups. 


However, significant increases were recorded only in testicular capsular thickness, relative volume of 


interstitial tissue and interstitial space amongst the LP-fed and treated rat groups, relative to NP rat groups.   
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Figure 3.4.1: Relative testicular weights (%) of rats fed either low or high protein diets and treated with ethanol 


and/or chloroquine for 40 days.  For each spatio-temporal period (10, 20, 30 and 40 days) different alphabets 


indicate statisticall significant differences (p< 0.05; * p < 0.01; ** p < 0.001). “b” NPC and similar values.  In all 


comparisons b is similar to b, but differed significantly from c and d; d differed significantly from c; symbols “β 


and ¶” embedded in LPQ- and LPEQ-rats (10D sacrifice), also in NPE- and NPEQ-rats (40D sacrifice) are 


significantly different, similar symbols “Þ” indicate no significant difference. 
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Figure 3.4.2: Relative weights of epididymis (%) of rat groups treated with chloroquine, ethanol and/or both 


while placed on normal or low protein diet for 40 days. For each period of sacrifice (10, 20, 30 and 40 days) 


columns with different alphabets are significantly different (p< 0.05; * p < 0.01; ** p < 0.001). “a” NPC and 


similar values (a, a1, and a2).  In all comparisons “a” is similar to a, a1 and a2, but significantly different from c, 


d and e; “a1” is significantly (p<0.05) different from “a2”; “c” is significantly different from d and e.  Similar 


symbols ‡, ††, and § embedded in the columns indicates no significant difference between such 


columns/groups. 
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Figure 3.4.3: Relative prostatic weights (%) of rat groups treated with chloroquine, ethanol and/or both while 


placed on normal or low protein diet for 40 days. For each period of sacrifice (10, 20, 30 and 40 days) different 


alphabets are significantly different (p< 0.05; * p < 0.01; ** p < 0.001). “a” NPC and similar values (a, a1, and 


a2).  In all comparisons “a” is similar to a, a1 and a2, but differed significantly from c; “a1” is significantly 


different from “a2”. Similar symbols “¶” and “▲” embedded in the columns at 10D and 40D sacrifices indicates 


similar values. 
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3.4.1 Relative reproductive Organ Weights 


Virtually no significant changes occurred in the relative organ weights of NP rats. However, reductions were 


noted in the testes of NPQ and NPEQ rats sacrificed at 20d (Fig. 3.4.1), and significant increases (p < 0.05) in 


the epididymal weights of NPE rats at 40d sacrifice and of NPEQ rats from 10d to 40d spatio-temporally, 


compared with control rats (NPC group) (Fig. 3.4.2). Although, the relative organ weights of LPC rats 


decreased time-dependently (testes and prostate glands at 20d – 40d and epididymis at 30d – 40d), yet 


significant (p < 0.05) increases were recorded in the testes at (30d – 40d), epididymis (10d – 40d) and prostate 


gland (20d – 40d) compared with the NPC rats values (Figs. 3.4.1 – 3.4.3).  Similarly, significant (p < 0.05) 


increases in relative weights were recorded among the LP fed and treated rats (i.e. LPE-, LPQ- and LPEQ-


groups) compared with NPC rats values (Figs. 3.4.1 – 3.4.3) at different spatio-temporal periods, as follows, in 


the testes (LPE:10d, 30d-40d; LPQ: 30d-40d and LPEQ: 20d-30d), epididymis (LPE:10d, 30d-40d; LPQ: 10d-


40d and LPEQ: 10d, 30d) and prostate gland (LPE: 20d-30d).  However, significant reductions (p < 0.05) in 


relative organ weights were recorded in all the LP fed and treated groups (LPE-, LPQ- and LPEQ-rats) when 


compared with the LPC rats at the following the spatio-temporal periods, testes (LPEQ, 20d – 40d, Fig. 3.4.1), 


epididymis (LPE, 10d – 40d and respectively LPQ, LPEQ, 20d – 40d, Fig. 3.4.2) and prostate gland (LPE, 40d; 


LPQ, 20d; LPEQ, 20d – 40d, Fig.3.4.3).  


 


Among the combined treatment groups (i.e. NPEQ- and LPEQ-rats), relative testicular weights of NPEQ rats 


significantly (p < 0.05) decreased from 20d to 40d sacrifices compared with the NPE rats (Fig. 3.4.1). 


However, relative weights of the epididymides of NPEQ rats increased significantly (p < 0.05) against the NPE 


rats between 10d – 20d (Fig. 3.4.2) and NPQ rats at 30D sacrifice (Fig. 3.4.2), but for the prostate glands, the 


relative weights of NPEQ rats increased significantly (p < 0.05) against the NPE  and NPQ rats at 10d – 40d 


sacrifices (Fig.3.4.3). But among the LPEQ rats, relative organ weights were significantly reduced (p < 0.05) 


compared with the respective LPE and LPQ rat groups as follows; testes: at 10d, 20d and 40d compared with 


LPE and LPQ rats (Fig. 3.4.1); epididymis: at 10d and 40d against LPE rats and at 40d against LPQ rats (Fig 


3.3.2), and for the prostate gland at 20d and 30d sacrifices against LPE rats (Fig. 3.4.3).  
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Figure 3.4.4: Seminiferous tubular diameters and the epithelial height. (A) Means of testicular seminiferous 


tubular diameters, and (B) seminiferous epithelial heights, of controls and experimental rats treated with 


ethanol and/or chloroquine and placed on diets with different protein levels for 40 days. 


Key: To all figures: Normal and low protein controls: (NPC and LPC); Low and normal protein ethanol treated 


(LPE, NPE); Low and normal protein chloroquine treated (LPQ, NPQ); Low and normal protein ethanol and 


chloroquine (combined) treated (LPEQ, NPEQ) 


 


 


 


 


 







 


81 
 


 


3.4.2 Morphometric studies  


 


3.4.2.1 Seminiferous Tubular Diameter (STD) and Epithelial Height (SEH)  


Figure 3.3.4 (A and B) shows the mean seminiferous tubular diameters (STD) and epithelial heights (SEH) of 


the testes. The STD and SEH were generally more reduced in LP fed than in NP fed rats, following the 


treatments. The percentage reduction in STD and SEH increased from 10D to 40D spatio-temporally (Table 


3.4.1). The LPEQ rats clearly recorded the highest percentage reductions in both STD and SEH in 40D groups 


(Fig. 3.4.4A and B) (Table 3.4.1).  


 


The SEH showed significant (p<0.05) reductions in almost all treated groups except in the 10D groups 


amongst NPE-, NPEQ-rats compared with control rats (i.e. NPC rats) (Table 3.4.2A). In comparison with LPC 


rats, significant (p<0.05) reductions in STD and SEH were recorded in LPEQ-rats (20d - 40d periods), LPE- 


and LPQ-rats at 20 and 40d periods (Fig. 3.4.4A) (Table 3.4.2A). There were no significant changes in SEH of 


NPEQ rats compared with either NPE- or NPQ-rats, but a significant (p<0.05) reduction was recorded in the 


40d LPEQ rats compared with LPE rats (Fig. 3.4.4A) (Table 3.4.2B). The STD was significantly reduced (p < 


0.05) in NPE rats from 10d to 40d sacrifices, in NPQ (at 10d, 30d and 40d sacrifices) and in NPEQ rats (30d 


and 40d sacrifices) compared with the control rats (NPC) (Table 3.4.2A). Also STD was significantly (p < 0.05) 


reduced in LPE rats (20d to 40d), LPQ rats and LPEQ rats (10d – 40d, respectively) compared with the LPC 


rats (Table 3.4.2A). The STD of NPEQ rats was significantly (p < 0.05) increased at 20 and 30D and at 10 and 


30d sacrifices compared with NPE and NPQ rats, respectively. But the STD of LPEQ rats decreased 


significantly (p < 0.05) at 20 and 30d, and at 40d compared, respectively, with LPE and LPQ rats (Table 


3.4.2B).  


 


Correlations of the treatment effects between STD and SEH within each treatment group were variable across 


the periods of sacrifices. Significant and positive correlations were recorded between STD and SEH of NPC 


rats (r = 0.9, p < 0.016), NPQ rats (r = 0.91, p < 0.012) at 10D sacrifice; NPC rats (r = 0.83, p < 0.041) at 20D 


sacrifice; NPQ rats (r = 0.88,  p < 0.021), LPE rats (r = 0.78, p < 0.04) at 30D sacrifice; and NPQ rats (r = 0.98, 


p < 0.001), NPEQ rats (r = 0.98, p < 0.01) at 40D sacrifice. 
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Table 3.4.1: Percentage reduction in seminiferous tubular diameters and epithelial heights of rats fed low and high protein diets and treated 


with ethanol and/or chloroquine for 40 days. 


Percentage reduction in seminiferous epithelial height and tubular diameters of treated groups of rats 


 Treated groups of rat compared with NP-control rats (NPC-rats) Treated groups of rat compared with LP-control rats 


(LPC-rats) 


Tubular 


diameters (STD) 


NPE NPQ NPEQ LPC LPE LPQ LPEQ 


10 -6.41s -11.93s -3.10ns -7.07s -3.99ns -7.68ns -10.69s 


20 -12.04s -6.35ns -4.73ns -6.46ns -9.99s -17.42s -17.57s 


30 -12.50s -16.78s -5.79ns -3.24ns -12.08s -15.27s -20.23s 


40 -18.63s -18.15s -13.14s -5.74ns -16.34s -14.31s -19.59s  


(-24.20)* 


Epithelial height 


(SEH) 


       


10 - 0.02ns -11.11s -8.15ns -16.01s 4.20ns -7.12ns 2.35ns 


20 -11.84s -8.59s -12.08s -16.90s -9.30s -10.45s -10.62s 


30 -12.69s -13.64s -14.52s -14.36s -4.69ns -10.86ns -12.85s 


40 -19.72s -18.81s -26.89s -23.02s -9.23s -11.66s -17.87s 


 (-36.77)* 


* indicates % reduction in LPEQ-rats compared with NPC-rats. ns= indicates not significantly reduced (p > 0.05); s = significantly reduced (p < 0.05).  


Key: Normal and low protein controls: (NPC and LPC), Low and normal protein ethanol treated (LPE, NPE) 


Low and normal protein chloroquine treated (LPQ, NPQ), Low and normal protein ethanol and chloroquine (combined) treated (LPEQ, NPEQ) 
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3.4.2.2 Changes in STD and SEH between the periods of sacrifice 


The comparisons of the changes in STD and SEH between the periods of sacrifice are shown in Table 3.4.3. 


The STD and SEH slightly increased between the periods of sacrifice in control rats. However, in ethanol-


treated rats, SEH was significantly reduced (p < 0.05) in NPE rats at 30d and 40d, and in LPE rats at 20d and 


40d sacrifices compared with 10d sacrifices (Table 3.4.3) (Fig. 3.4.4B). In chloroquine-treated rats, no 


significant changes were observed in SEH between one sacrifice period and the other, but SEH was 


significantly reduced in LPEQ rats at 30d and 40d sacrifices compared with 10d sacrifice (Table 3.4.3) (Fig. 


3.4.4B). No significant changes in SEH were recorded in NPEQ rats (Table 3.4.3).  


 


In NPE and LPE rats, STD was significantly reduced (p < 0.05) at 40d compared with 10d, 20d and 30d 


sacrifices, while in NPQ rats, STD was significantly reduced (p < 0.05) at 30d and 40d sacrifices compared 


with 20d sacrifice. The STD non-significantly decreased between the periods of sacrifice in NPEQ and LPEQ 


rats (Table 3.4.3) (Fig. 3.4.4A).  
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Table 3.4.2: Comparison of seminiferous tubular diameters and epithelial heights of the testes of rats placed on different dietary protein 


levels and treated with ethanol and/or chloroquine for 40 days. 


Morphometric analysis   A                         P – values for the feed and treatments groups of the rat 
(STD) Tubular 
diameter (µm) 


NPC/NPE NPC/NPQ NPC/NPEQ NPC/LPC NPC/LPE NPC/LPQ NPC/LPEQ LPC/LPE LPC/LPQ LPC/LPEQ 


10 s s* ns s s* s** s** ns s s* 
20 s* ns ns ns s** s** s** s* s** s** 
30 s** s** ns ns s** s** s** s** s** s** 
40 s* s* s ns s** s** s** s** s** s** 
Epithelial height (SEH) (µm) 
10 ns s ns s s s** s* ns ns ns 
20 s* s* s* s** s** s** s** s s s 
30 s s s s s* s** s** ns ns s 
40 s* s* s** s* s** s** s** s s* s** 
Further analysis        B 
STD (µm) NPE/NPQ NPEQ/NPE NPEQ/NPQ LPE/LPQ LPEQ/LPE LPEQ/LPQ     
10 ns ns s ns ns  ns     
20 ns s ns s s ns     
30 ns s  s* ns s* ns     
40 ns ns ns ns ns s     
SEH (µm) 
10 s ns ns s ns ns     
20 ns ns ns ns ns ns     
30 ns ns ns ns ns ns     
40 ns ns ns ns s ns     


A: Treated groups of rats compared with NPC-rats as baseline, and also with LP- control rats (LPC-rats group); ns = not significantly different from NPC- 


or LPC-rats, s = significantly different at p < 0.05; s* = p < 0.01; s** = p < 0.001 and B: comparison within each dietary group but with different 


treatments. Key:  Normal and low protein controls: (NPC and LPC), Low and normal protein ethanol treated (LPE, NPE) Low and normal protein 


chloroquine treated (LPQ, NPQ): Low and normal protein ethanol and chloroquine treated (LPEQ, NPEQ) 
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Table 3.4.3: Comparisons of the effects of Ethanol (E), Chloroquine (Q) and both (EQ) based on duration of treatment in rats fed different 


levels of protein in diet for 40 days. 


 Intervals  control E-treated Q-treated EQ-treated  


 DT 10D 20D 30D 40D 10D 20D 30D 40D 10D 20D 30D 40D 10D 20D 30D 40D 


STD 10D NP  ns ns ns  ns ns s*  ns ns ns  ns ns ns 


 LP  ns ns ns  ns ns s*  ns ns ns  ns ns ns 


 20D NP ns  ns ns ns  ns s* ns  s s ns  ns ns 


 LP ns  ns ns ns  ns s ns  ns ns ns  ns ns 


 30D NP ns ns  ns ns ns  s ns s  ns ns ns  ns 


 LP ns ns  ns ns ns  s ns ns  ns ns ns  ns 


 40D NP ns ns ns  s* s* s  ns s ns  ns ns ns  


 LP ns ns ns  s* s s  ns ns ns  ns ns ns  


       


SEH 10D NP  ns ns ns  ns s* s  ns ns ns  ns ns ns 


 LP  ns ns ns  s ns s*  ns ns ns  ns s s** 


 20D NP ns  ns ns ns  ns ns ns  ns ns ns  ns ns 


 LP ns  ns ns s  ns ns ns  ns ns ns  ns ns 


 30D NP ns ns  ns s* ns  ns ns ns  ns ns ns  ns 


 LP ns ns  ns ns ns  ns ns ns  ns s ns  ns 


 40D NP ns ns ns  s ns ns  ns ns ns  ns ns ns  


 LP ns ns ns  s* ns ns  ns ns ns  s** ns ns  


DT: Duration of treatment and treatment groups. ns: not significantly different, NP and LP: normal and low protein diets; s = significantly different at p < 


0.05; s* = p < 0.01; s** = p < 0.001. 
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3.4.2.3 Measurement of testicular capsule thickness, Leydig and Sertoli cell nuclei diameters 


The results of the measurement of various diameters and testicular capsule thickness are as shown in Figures 


3.4.5 – 3.4.7. In all the figures, significant differences were recorded between the NP- and LP – treated rats 


spatio-temporally, as shown. The mean testicular capsule thickness (TCT) is as shown in Figure 3.4.5. There 


were significant increases in the treated groups compared with normal protein control rats (NPC)(Table 3.4.4A) 


at different spatio-temporal periods: NPE: 20d, 40d; NPQ: 10d – 20d, 40d; NPEQ: 40d; LPC, LPE, LPQ, 


LPEQ: 10d – 40d, as well as in LP-treated rats compared with LPC rats: LPE and LPEQ: 10d – 40d; LPQ: 40d 


(Table 3.4.4A).  
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Figure 3.4.5: Means of testicular capsular thickness (TCT) of ethanol - and/or chloroquine - treated rats fed 


low or normal protein diet for 40 days; comparison of the LP and NP rat groups. At each period of sacrifice, NP 


columns with different letters from LP columns are significantly different at p < 0.001; † = p < 0.01, columns 


with similar letters are not significantly different. 


Key: Normal and low protein controls: (NPC and LPC), Low and normal protein ethanol treated (LPE, NPE), 


Low and normal protein chloroquine treated (LPQ, NPQ), Low and normal protein ethanol - and chloroquine - 


treated (LPEQ, NPEQ). 
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Figure 3.4.6: Mean diameter of Leydig cells nuclei of ethanol-and/or chloroquine-treated rats fed low or normal 


protein diet for 40days. Comparison of mean diameter of Leydig cells nuclei between LP and NP groups, at 


each period of sacrifice, NP columns with different letters from LP columns are significantly different at p < 


0.001; *= p < 0.05; † = p < 0.01, columns with similar letters are not significantly different. Key: Normal and 


low protein controls: (NPC and LPC), Low and normal protein ethanol treated (LPE, NPE), Low and normal 


protein chloroquine treated (LPQ, NPQ), Low and normal protein ethanol and chloroquine treated (LPEQ, 


NPEQ). 
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Figure 3.4.7: Mean diameter of Sertoli cells nuclei of ethanol-and/or chloroquine-treated-rats fed low or normal 


protein diet for 40days. Comparison of mean diameter of Sertoli cells nuclei between LP and NP groups, at 


each period of sacrifice, NP columns with different letters from LP columns are significantly different at p < 


0.001; *= p < 0.05; † = p < 0.01, columns with similar letters are not significantly different. Key: Normal and 


low protein controls: (NPC and LPC), Low and normal protein ethanol treated (LPE, NPE), Low and normal 


protein chloroquine treated (LPQ, NPQ), Low and normal protein ethanol and chloroquine treated (LPEQ, 


NPEQ). 
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Table 3.4.4A and B: Comparison of testicular capsule thickness, Leydig and Sertoli cell nuclear diameters of all the treated rat groups with 


the control (NPC) rat group at each period of sacrifice: Significance of differences. 


Parameter  


A 


DT NPC/NPE NPC/NPQ NPC/NPEQ NPC/LPC NPC/LPE NPC/LPQ NPC/LPEQ LPC/LPE LPC/LPQ LPC/LPEQ 


Testicular capsular thickness 


 10d ns S ns s* s** s* s** s ns s* 


 20d s s** ns s** s** s** s** s** ns s** 


 30d ns ns ns s** s** s** s** s ns s** 


 40d s s* s s** s** s** s** s** s s** 


Leydig cell nuclei diameter 


 10d ns ns s s s** s s** ns ns ns 


 20d ns ns ns ns  s** s s** s** ns s** 


 30d ns ns s s** s** s** s** s ns s 


 40d s* s s* s** s** s** s** s* ns s 


Sertoli cell nuclei diameter 


 10d ns ns ns s* s* s** s** ns ns ns 


 20d ns ns ns S* s** s** s** ns s* ns 


 30d s ns ns  s* s** s** s** s s ns 


 40d s* s s* s** s** s** s** ns s s 


Further analysis B 


  NPE/ 


NPQ 


NPE/ 


NPEQ 


NPQ/ 


NPEQ 


LPE/ 


LPQ 


LPE/ 


LPEQ 


LPQ/ 


LPEQ 


NPEQ/ 


LPEQ 
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Testicular capsular thickness 


 10d ns ns ns s ns s s**    


 20d ns ns s* s** ns s** s**    


 30d ns ns ns ns ns s s**    


 40d ns ns ns s* ns s* s**    


Leydig cell nuclei diameter 


 10d ns s ns ns ns ns ns    


 20d ns ns ns s* ns s* s**    


 30d ns ns ns s ns ns s*    


 40d ns ns ns s s ns s*    


Sertoli cell nuclei diameter 


 10d ns ns ns ns ns ns s**    


 20d ns ns ns ns ns s* s*    


 30d ns ns ns ns ns ns s*    


 40d ns ns ns ns ns ns s*    


DT: Duration of treatment; A: Treated groups of rats compared with NPC-rats, and also with LP- control rats (LPC-rats group); ns = not significantly 


different from NPC- or LPC-rats, B: comparison within each dietary group but with different treatments. ns = not significantly different, s = significantly 


different at p < 0.05; s* = p < 0.01; s** = p < 0.001,  Key:  Normal and low protein controls: (NPC and LPC), Low and normal protein ethanol treated 


(LPE, NPE) Low and normal protein chloroquine treated (LPQ, NPQ): Low and normal protein ethanol and chloroquine treated (LPEQ, NPEQ) 
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However, significant decreases in the mean nuclear diameters of Leydig and Sertoli cells (LCND, SCND) 


compared with the NPC rat groups were recorded at different spatio-temporal periods in the following rat 


groups (Table 3.4.4A); Leydig cell (NPE, NPQ: 40d; NPEQ: 10d, 30d – 40d; LPC, LPE, LPQ, LPEQ: 10d – 


40d) and in LP-treated groups compared with LPC rat groups (LPE and LPEQ: 20d – 40d) (Table 3.4.4A, Fig. 


3.4.6), Sertoli cell (NPE: 30d – 40d; NPQ, NPEQ: 40d; LPC, LPE, LPQ, LPEQ: 10d – 40d), and similarly in LP-


treated groups compared with LPC rat groups (LPE: 30d; LPQ: 20d – 40d; LPEQ: 40d) (Table 3.4.4A). Further 


analysis (Table 3.4.4B) showed significantly greater mean testicular capsule thickness (TCT) (at 20d in NPQ 


against NPEQ; at 10d, 20d, 40d in LPE against LPQ; at 10d – 40d in LPEQ against LPQ, and in LPEQ against 


NPEQ 10d – 40d), Leydig cell nuclear diameter (LCND) (at 10d in NPE against NPEQ; at 20d – 40d in LPQ 


against LPE, at 40d in LPEQ against LPE; at 20d in LPQ against LPEQ and at 20d – 40d in NPEQ against 


LPEQ), and mean Sertoli cell nuclear diameter (SCND) (at 20d in LPEQ against LPQ; at 10d – 40d in NPEQ 


against LPEQ) (Table 3.4.4A and B, Figs. 3.4.5 – 3.4.7).  


 


3.4.2.4 Measurement of the areas of, seminiferous tubules, Leydig, Sertoli and spermatogonia cells 


nuclei 


 


The analysis of the area measurements are as shown in Table 3.4.5A and B, Figs. 3.4.8 – 3.4.11. Decreases 


in LP- compared to NP- groups of treated rats were recorded in the measurements spatio-temporally (Figs. 


3.4.8 – 3.4.11). Significant decreases were noted in the LP - treated rat groups (10d to 40d) compared with 


NPC rats (Table 3.4.5A), but, in the NP- treated groups of rats compared with NPC rat groups, significant 


decreases were recorded at the following spatio-temporal periods: mean area of seminiferous tubule (AST) (in, 


NPE: 20d; NPQ: 20d – 30d; NPEQ: 20d – 40d), mean nuclear area of Leydig cells (ALCN) (in, NPE: 10d – 


40d; NPEQ: 40d), mean nuclear area of Sertoli cells (ASCN): (in, NPE & NPQ: 10d to 40d; NPEQ: 30d – 40d), 


mean area spermatogonia (ASG) (in, NPE: 40d; NPQ: 20d – 40d; NPEQ: 30d to 40d). Also significant 


decreases were recorded in LP-treated rat groups compared with LPC rat groups at the following spatio-


temporal periods as follows: AST (LPE: 20d; LPQ: 10d; LPEQ: 10d – 40d), ALCN (LPE: 20d to 40d; LPQ: 30d 


to 40d; LPEQ: 10d to 40d), ASCN (LPE: 30d; LPQ and LPEQ: 10d to 40d), ASG (LPQ: 20d to 30d; LPEQ: 20d 


to 40d) (Table 3.4.5A).  Furthermore (Table 3.4.5B), significant decreases were recorded in the area 


measurements in the following rat groups as follows, AST (in, NPQ: at 10d, 30d; NPEQ: at 20d against NPE 


and NPQ; LPQ: 10d and LPEQ: 10d, 30d, against LPE; LPEQ: 20d – 30d, and 10d – 40d against LPQ and 
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NPEQ rat groups respectively), ALCN (NPE: 10d, 40d, against NPQ; and at 40d against NPEQ; NPQ: 40d 


against NPEQ; LPEQ: 10d and 10d – 40d against LPQ and NPEQ rat groups respectively), ASCN (NPQ: 20d 


against NPEQ; LPQ: 20d against LPE; LPEQ: 10d to 40d against NPEQ), and ASG (NPQ: 20d to 30d and 


NPEQ: 10d, 30d to 40d against NPE; and in LPQ and LPEQ: 20d against LPE; LPEQ: 10d to 40d against 


NPEQ) (Table 3.4.5B, Figs 3.4.8 – 3.4.11). 
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Table 3.4.5A & B: Comparison of mean areas of testicular seminiferous tubules, Leydig, Sertoli and spermatogonia cells nuclear of ethanol 


and chloroquine treated rats fed low or normal protein diet for 40 days: Significance of differences. 


Parameters 
measured A 


DT NPC/ 
NPE 


NPC/NPQ NPC/NPEQ NPC/LPC NPC/LPE NPC/LPQ NPC/LPEQ LPC/LPE LPC/LPQ LPC/LPEQ 


Area of seminiferous tubule 


(AST) 10d ns ns ns s** s** s** s** ns  s** s** 


 20d s* s** s** s** s** s** s** s* ns s** 


 30d ns s** s s** s** s** s** ns ns s** 


 40d ns ns s s s* s* s** ns ns s 


Area  of Leydig cell nuclei 


(ALCN) 10d s* ns ns s* s** s* s** ns ns s* 


 20d s ns ns s* s** s** s** s ns s* 


 30d s* ns ns s** s** s** s** s s s* 


 40d s** ns s* s** s** s** s** ns s* s** 


Area of Sertoli cell nuclei 


(ASCL) 10d s* s** ns s** s** s** s** ns s s* 


 20d s s** ns s** s** s** s** ns s** s 


 30d s* s* s* s** s** s** s** s* s** s 


 40d s s* s** s** s** s** s** ns s* s 


Area of spermatogonia 


(ASG) 10d ns ns s* s** s** s** s** ns ns ns 


 20d ns s* s* s** s** s** s** ns s* s* 


 30d ns s** s** s** s** s** s** ns s* s* 


 40d s** s** s** s** s** s** s** ns ns s* 


FURTHER ANALYSIS B 


  NPE/ 
NPQ 


NPE/ 
NPEQ 


NPQ/ 
NPEQ 


LPE/ 
LPQ 


LPE/ 
LPEQ 


LPQ/ 
LPEQ 


NPEQ/ 
LPEQ 


   


Area of seminferous tubule 


 10d s** ns ns s s* ns s**    


 20d ns s** s* ns ns s* s**    


 30d s ns ns ns s** s** s**    


 40d ns ns ns ns ns ns s    
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Area of Leydig cell nuclei 


 10d s ns ns ns ns s* s**    


 20d ns ns ns ns ns ns s**    


 30d ns ns ns ns ns ns s**    


 40d s* s** s ns ns ns s**    


Area of Sertoli nuclei cell 


 10d ns ns ns   ns ns ns s**    


 20d ns ns s s ns ns  s**    


 30d ns ns ns ns ns ns s**    


 40d ns ns ns ns ns ns s**    


Area of spermatogonia 


 10d  ns s* ns ns ns ns s*    


 20d s ns ns s* s* ns s**    


 30d s** s** ns ns ns ns s*    


 40d ns s ns ns ns ns s**    


PS: Duration of treatment; A: Treated groups of rats compared with NPC-rats as baseline, and also with LP- control rats (LPC-rats group); ns = not 


significantly different from NPC- or LPC-rats, B: comparison within each dietary group but with different treatments. ns = not significantly different, s = 


significantly different at p < 0.05; s* = p < 0.01; s** = p < 0.001,  Key: Normal and low protein controls: (NPC and LPC), Low and normal protein ethanol 


treated (LPE, NPE) Low and normal protein chloroquine treated (LPQ, NPQ): Low and normal protein ethanol and chloroquine treated (LPEQ, NPEQ). 
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Figure 3.4.8: Mean area of seminiferous tubule of ethanol- and/or chloroquine-treated rats fed low or normal 


protein diet for 40days. Comparison of mean AST of LP and NP treatment groups of the rat. At each period of 


sacrifice, NP columns with different letters from LP columns are significantly different at p < 0.001; *= p < 0.05; 


† = p < 0.01, columns with similar letters are not significantly different. Key: Normal and low protein controls: 


(NPC and LPC), Low and normal protein ethanol treated (LPE, NPE), Low and normal protein chloroquine 


treated (LPQ, NPQ), Low and normal protein ethanol and chloroquine treated (LPEQ, NPEQ).  
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Figure 3.4.9: Mean area of Leydig cells nuclei of ethanol- and/or chloroquine-treated rats fed low or normal 


protein diet for 40days. Comparison of mean area of Leydig cells nuclei between LP and NP groups, at each 


period of sacrifice, NP columns with different letters from LP columns are significantly different at p < 0.001; *= 


p < 0.05; † = p < 0.01, columns with similar letters are not significantly different. Key: Normal and low protein 


controls: (NPC and LPC), Low and normal protein ethanol treated (LPE, NPE), Low and normal protein 


chloroquine treated (LPQ, NPQ), Low and normal protein ethanol and chloroquine treated (LPEQ, NPEQ). 
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Figure 3.4.10: Mean area of Sertoli cells nuclei of ethanol- and/or chloroquine-treated rats fed low or normal 


protein diet for 40days. Comparison of mean area of Sertoli cells nuclei between LP and NP groups, at each 


period of sacrifice, NP columns with different letters from LP columns are significantly different at p < 0.001; † 


= p < 0.01, columns with similar letters are not significantly different, in all comparisons. Key: Normal and low 


protein controls: (NPC and LPC), Low and normal protein ethanol treated (LPE, NPE), Low and normal protein 


chloroquine treated (LPQ, NPQ), Low and normal protein ethanol and chloroquine treated (LPEQ, NPEQ). 
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Figure 3.4.11: Mean area of spermatogonia nuclei of ethanol- and/or chloroquine-treated rats fed low or 


normal protein diet for 40days. Comparison of mean area of spermatogonia nuclei between LP and NP rat 


groups, at each period of sacrifice, NP columns with different letters from LP columns are significantly different 


at p < 0.001; † = p < 0.01, columns with similar letters are not significantly different. Key: Normal and low 


protein controls: (NPC and LPC), Low and normal protein ethanol treated (LPE, NPE), Low and normal protein 


chloroquine treated (LPQ, NPQ), Low and normal protein ethanol and chloroquine treated (LPEQ, NPEQ). 
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3.4.2.5 Changes in morphometric measurements between the periods of sacrifice  


The comparisons of the changes between the periods of sacrifices in the morphometric parameters are shown 


in Table 3.4.6. Amongst the control groups, spatio-temporally, there were no significant changes (p > 0.05) 


(decreases or increases) between the periods of sacrifices in the thickness of testicular capsule (TCT),  Leydig 


and Sertoli cell nuclei diamenter (LCND and  SCND) as well as in the mean nuclei areas (ALCN, ASCN, ASG) 


measurements.  


 


However, non-significant increases in mean nuclear areas of Leydig, Sertoli cells and spermatogonia of the 


NPC rats were recorded. In LPC rats, initial non-significant increases were noted between 10d – 20d, which 


was then followed by decreases (20d to 40d) in Sertoli and spermatogonia cells (Table 3.4.6, Figs. 3.4.9 – 


3.4.11). Significant increases were recorded in the mean area of seminiferous tubules in the NPC rats between 


the periods of sacrifice as follows at: 10d versus (vs) 20d, 30d and 40d (Table 3.4.6).  


 


In the treated rat groups, significant increases were noted between the periods of sacrifice in TCT as follows 


(Table 3.4.6): in E-treated NP group at: 40d vs 10d and 30d; 20d vs 30d; and in Q-treated NP group: 20d vs 


30d. However, significant decreases in each of the select parameters were recorded spatio-temporally, as 


follows, LCND: in E-treated LP group: at 40d vs 10d; in Q-treated LP group: at 40d vs 10d and 20d; SCND: in 


EQ-treated NP and LP group: at 40d vs 20d; AST: in E-treated LP group: at 10d vs 30d; amongst the Q-


treated NP groups: at 30d and 40d vs 20d; and amonst Q-treated LP rats: at 10d vs 20d – 40d; amongst the 


EQ-treated groups, in NP rats: at 20d vs 10d and  30d; and at 40d vs 10d and 30d; and in LP rats: at 10d vs 


20d; ALCN: in Q-treated LP groups: at 40d vs. 10d; and amongst EQ-treated NP groups: 40d vs 30d); ASCN: 


amongst E-treated LP groups: at 30d vs 20d; and amongst EQ-treated NP group: at 40d vs 20d;  and in the 


mean area of  spermatogonia (ASG): amongst the E-treated LP groups: 10d vs 20d and at 40d vs 20d; and 


amongst Q-treated LP groups: at 40d vs 10d (Table 3.4.7).  
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Table 3.4.6: The effects of ethanol (E) and chloroquine (Q) and/or both (EQ) in rats fed low or normal protein diet for 40 days: Significant of 


differences between the treatment periods.  


Parameters DT F-G Control E-treated Q-treated EQ-treated 


10d 20d 30d 40d 10d 20d 30d 40d 10d 20d 30d 40d 10d 20d 30d 40d 


T
es


tic
ul


ar
 c


ap
su


le
  


th
ic


kn
es


s 
 (


T
C


T
) 


   
   


10d NP  ns ns ns  ns ns s*  ns ns ns  ns ns ns 


LP  ns ns ns  ns ns ns  ns ns ns  ns ns ns 


20d NP ns  ns ns ns  s* ns ns  s ns ns  ns ns 


LP ns  ns ns ns  ns ns ns  ns ns ns  ns ns 


30d NP ns ns  ns ns s*  s** ns s  ns ns ns  ns 


LP ns ns  ns ns ns  ns ns ns  ns ns ns  ns 


40d   NP ns ns ns  s* ns s**  ns ns ns  ns ns ns  


LP ns ns ns  ns ns ns  ns ns ns  ns ns ns  


Le
yd


ig
 c


el
ls


  n
uc


le
i 


D
ia


m
et


er
  (


IC
N


D
) 


                  


10d NP  ns ns ns  ns ns ns  ns ns ns  ns ns ns 


LP  ns ns ns  ns ns s  ns ns s  ns ns ns 


20d NP ns  ns ns ns  ns ns ns  ns ns ns  ns ns 


LP ns  ns  ns  ns ns ns  ns s ns  ns ns 


30d NP ns ns  ns ns ns  ns ns ns  ns ns ns  ns 


LP ns ns  ns ns ns  ns ns ns  ns ns ns  ns 


40d   NP ns ns ns  ns ns ns  ns ns ns  ns ns ns  


LP ns ns ns  s ns ns  s s ns  ns ns ns  


S
er


to
li 


ce
ll 


nu
cl


ei
 d


ia
m


et
er


 


(S
C


N
D


) 


                  


10d NP  ns ns ns  ns ns ns  ns ns ns  ns ns ns 


LP  ns ns s*  ns ns ns  ns ns ns  ns ns ns 


20d NP ns  ns ns ns  ns ns ns  ns ns ns  ns s 


LP ns  ns s* ns  ns ns ns  ns ns ns  ns s 


30d NP ns ns  ns ns ns  ns ns ns  ns ns ns  ns 


LP ns ns  s* ns ns  ns ns ns  ns ns ns  ns 


40d   NP ns ns ns  ns ns ns  ns ns ns  ns s ns  


LP s* s* s*  ns ns ns  ns ns ns  ns s ns  


 


DT: Duration of treatment; FG: Feeding groups; ns = not significantly different, s= significantly different at p < 0.05; s* = p < 0.01; s** = p < 0.001, NP 


and LP – normal and low protein fed rat groups. Key: Normal and low protein controls: (NPC and LPC), Low and normal protein ethanol treated (LPE, 


NPE), Low and normal protein chloroquine treated (LPQ, NPQ), Low and normal protein ethanol and chloroquine treated (LPEQ, NPEQ). 
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Table 3.4.7: Comparison of the effects of ethanol (E) and chloroquine (Q) and/or both (EQ) in rats fed low or normal protein diet for 40 days: 


Significance of differences between the treatment periods.                              


Parameters DT F-
G 


Control E-treated Q-treated EQ-treated 


10d 20d 30d 40d 10d 20d 30d 40d 10d 20d 30d 40d 10d 20d 30d 40d 


  Area of  
seminiferous 
tubule (AST)   


10d NP  s** s s**  ns ns ns  ns ns ns  s* ns s** 


LP  ns ns ns  ns s ns  s** s* s*  s** ns s 


20d NP s**  ns ns ns  ns ns ns  s s s*  s** ns 


LP ns  ns ns ns  ns ns s**  ns ns s**  s ns 


30d NP s ns  ns ns ns  ns ns s  ns ns s**  s** 


LP ns ns  ns s ns  ns s* ns  ns ns s  ns 


40d   NP s** ns ns  ns ns ns  ns s ns  s** ns s**  


LP ns ns ns  ns ns ns  s* ns ns  s ns ns  


Area of Leydig 
cell nuclei 
(ALCN) 


 


10d NP  ns ns ns  ns ns ns  ns ns ns  ns ns ns 


LP  ns ns ns  ns ns ns  ns ns s*  ns ns ns 


20d NP ns  ns ns ns  ns ns ns  ns ns ns  ns ns 


LP ns  ns ns ns  ns ns ns  ns ns ns  ns ns 


30d NP ns ns  ns ns ns  ns ns ns  ns ns ns  s 


LP ns ns  ns ns ns  ns ns ns  ns ns ns  ns 


40d   NP ns ns ns  ns ns ns  ns ns ns  ns ns s  


LP ns ns ns  ns ns ns  s* ns ns  ns ns ns  


Area of Sertoli 
cell nuclei 
(ASCN)  


 


10d NP  ns ns ns  ns ns ns  ns ns ns  ns ns ns 


LP  ns ns ns  ns ns ns  ns ns ns  ns ns ns 


20d NP ns  ns ns ns  ns ns ns  ns ns ns  ns s 


LP ns  ns ns ns  s ns ns  ns ns ns  ns ns 


30d NP ns ns  ns ns ns  ns ns ns  ns ns ns  ns 


LP ns ns  ns ns s  ns ns ns  ns ns ns  ns 


40d   NP ns ns ns  ns ns ns  ns ns ns  ns s ns  


LP ns ns ns  ns ns ns  ns ns ns  ns ns ns  
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Area of spermatogonia 


Area of 
spermatogonia 
 
(ASG) 


10d NP  ns ns ns  ns ns ns  ns ns ns  ns ns ns 


LP  ns ns ns  s* ns ns  ns ns s  ns ns ns 


20d NP ns  ns ns ns  ns ns ns  ns ns ns  ns ns 


LP ns  ns ns s*  ns s* ns  ns ns ns  ns ns 


30d NP ns ns  ns ns ns  ns ns ns  ns ns ns  ns 


LP ns ns  ns ns ns  ns ns ns  ns ns ns  ns 


40d NP ns ns ns  ns ns ns  ns ns ns  ns ns ns  


LP ns ns ns  ns s* ns  s ns ns  ns ns ns  


DT: Duration of treatment; FG: Feeding groups; ns = not significantly different, s= significantly different at p < 0.05; s* = p < 0.01; s** = p < 0.001, NP 


and LP – normal and low protein fed rat groups. Key: Normal and low protein controls: (NPC and LPC), Low and normal protein ethanol treated (LPE, 


NPE), Low and normal protein chloroquine treated (LPQ, NPQ), Low and normal protein ethanol and chloroquine treated (LPEQ, NPEQ).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
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3.4.3 Microstereological studies 


The results of the stereological analysis are shown in Tables 3.4.8A and B and Figs. 3.4.12 to 3.4.16. Figures 


3.4.12 to 3.4.16 show the comparison between the NP- and LP- treated rat groups. There are significant 


reductions in the proportion of seminiferous tubules, seminiferous epithelium and interstitial tissue of LP rat 


groups compared with NP rats groups as shown in Figures 3.4.12, 3.4.13 and 3.3.15. However, the proportion 


of tubular lumen and interstitial space increased significantly in LP rats compared with NP rats. The analysis of 


the volume proportions revealed significantly lower (p < 0.05) relative seminiferous tubular (ST) and 


seminiferous epithelial (SE) volumes in all the NP and LP treated rat groups compared with the NPC rat 


groups at the various periods of sacrifice (Tables 3.4.8A and B). Consequently, the volume of seminiferous 


tubular lumen in the treated groups increased significantly, compared with the NPC rat groups (Table 3.4.8A).   


 


Comparison of the LP- treated rat groups with LPC rat groups showed significant reductions spatio-temporally 


in the volume proportion (%) of the following parameters and in the respective treated rat groups (LPE, LPQ, 


LPEQ) as follows: ST (LPE: 40d; LPQ: 20d; LPEQ: 10d to 40d), SE (LPE: 40d; LPQ: 10d, 40d, LPEQ: 10d to 


40d, but significant increases in seminiferous tubular lumen (STL) were recorded in the LP (LPE, LPQ, LPEQ)  


treated rats relative to LPC rat at the following periods of sacrifice as follows: (LPE: 40d; LPQ: 20d; LPEQ: 10d 


to 40d) (Table 3.4.8A).  


 


The volume of interstitial tissue (IT) in the NP- treated rats (NPE, NPQ, NPEQ) was significantly reduced only 


in NPE rats at D40 and in the LP-treated rat groups at 10d to 40d compared with NPC rats, excluding 20d in 


LPC and 10d in LPQ rat groups. The volume of the interstitial tissue of LP-treated rat groups compared with 


LPC rat group were significantly reduced in LPEQ rat group at 30d to 40d (Table 3.4.8A). However, the volume 


of the interstitial space (IS) was significantly increased in all the NP- and LP-treated rat groups compared with 


NPC rat groups excluding 10d in NPE rats (Table 3.4.8A). Also the comparison of IS of LP treated rat groups 


with LPC rats showed significant increases in LPE and LPEQ rats (30d to 40d, respectively) (Table 3.4.8A).  


 


Further analysis (Table 3.4.8B) showed significant reductions in the volume proportions (%) of these 


parameters in the following rat groups as follows: ST (in: NPEQ: 10d, 40d and 10d, 20d against NPE and NPQ 


rat groups, respectively; LPEQ: 10d to 40d, 30d  40d, respectively against LPE, LPQ and NPEQ rats), SE (in: 
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NPQ: 20d against NPE, NPEQ: 10d against NPE; NPE: 30d and NPQ: 20d to 30d against NPEQ, and at 40d 


in NPEQ against NPQ; LPEQ: 10d to 40d, and 20d to 40d respectively against LPE, NPEQ and LPQ rat 


groups), STL (in: NPEQ: 40d against NPE and 10d to 20d against NPQ; but significant increases were noted 


in LPEQ: 10d to 40d, 30d to 40d, 10d to 40d against LPE, LPQ and NPEQ rats groups, respectively). 


Significant reductions were also noted in IT (in: LPEQ: at 40d and 10d to 40d against LPQ and NPEQ rat 


groups, respectively), and in IS: NPE: at 10d; 10d and 40d against NPQ and NPEQ rat groups, respectively; 


NPQ: at 10d against NPEQ; LPQ: 30d to 40d against LPE; and in LPEQ at 30d against LPQ, but significantly 


increased at 20d to 40d in LPEQ rats against NPEQ rat groups (Table 3.4.8B).  
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Table 3.4.8A and B: Comparison of stereological analysis of the effects of ethanol and/or chloroquine on the testis of rats fed low  


or normal protein diet for 40 days: Significance of differences. 


  p - values 


Parameters       
A 


DT NPC/ 
NPE 


NPC/NPQ NPC/NPEQ NPC/LPC NPC/LPE NPC/LPQ NPC/LPEQ LPC/LPE LPC/LPQ LPC/LPEQ 


Seminiferous tubule (%) 


 10d s ns s** s* s** s** s** ns ns s** 


20d s** s* s** s** s** s** s** ns s* s** 


30d s** s** s** s** s** s** s** ns ns s** 


40d s** s** s** s** s** s** s** s ns s** 


Seminiferous Epithelium (%) 


 10d ns s s** s* s** s** s** ns s s* 


 20d s* s** s s** s** s** s** ns ns s** 


 30d s** s** ns s** s** s** s** ns ns s** 


 40d s** s** s** s** s** s** s** s* s s** 


Seminiferous tubular lumen (%) 


 10d s ns s** s* s** s** s** ns ns s** 


 20d s** s* s** s** s** s** s** ns s* s** 


 30d s** s** s** s** s** s** s** ns ns s** 


 40d s** s** s** s** s** s** s** s ns s** 


Interstitial tissue (%) 


 10d ns ns ns s s* ns s* ns ns ns 


 20d ns ns ns ns s* s* s* ns ns ns 


 30d ns ns ns s* s** s** s** ns ns s 


 40d s ns ns s* s** s** s** ns ns s* 


Interstitial space (%) 


 10d ns s* s** s** s** s** s** ns ns ns 


 20d s* s** s** s** s** s** s** ns ns ns 


 30d s** s** s** s** s** s** s** s* ns s 


 40d s** s** s** s** s** s** s** s* ns s 


FURTHER ANALYSIS  B 


  NPE/ NPE/ NPQ/ LPE/ LPE/ LPQ/ NPEQ/    
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NPQ NPEQ NPEQ LPQ LPEQ LPEQ LPEQ 


Seminiferous tubule (%) 


 10d ns s s* ns s ns s    


 20d ns ns s* ns s* ns s*    


 30d ns ns ns ns s** s** s**    


 40d ns s ns ns s s** s**    


Seminiferous Epithelium (%) 


 10d ns s* ns ns s ns s    


 20d s ns s ns s** s** s**    


 30d ns s* s** ns s** s** s**    


 40d ns ns s ns s** s** s**    


Seminiferous tubular lumen (%) 


 10d ns s s* ns s ns ns    


 20d ns ns s* ns s* ns s*    


 30d ns ns ns ns s** s** s**    


 40d ns s ns ns s s** s**    


Interstitial tissue (%) 


 10d  ns ns ns ns ns ns s    


 20d ns ns ns ns ns ns s*    


 30d ns ns ns ns ns ns s**    


 40d ns ns ns ns ns s s**    


Interstitial space (%) 


 10d  s s** s ns ns ns ns    


 20d ns ns ns ns ns ns ns    


 30d ns ns ns s* ns s s*    


 40d ns s* ns s ns ns s    


DT: Duration of treatment; FG: Feeding groups; ns = not significantly different, s = significantly different at p < 0.05; s* = p < 0.01; s** = p < 0.001, NP 


and LP – normal and low protein fed rat groups. Key: Normal and low protein controls: (NPC and LPC), Low and normal protein ethanol treated (LPE, 


NPE), Low and normal protein chloroquine treated (LPQ, NPQ), Low and normal protein ethanol and chloroquine treated (LPEQ, NPEQ). 
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Figure 3.4.12: Proportion (%) of seminiferous tubule in the testis of ethanol- and/or chloroquine-treated rats 


fed low or normal protein diet for 40days. Mean proportions (%) of seminiferous tubule compared between LP 


and NP groups, at each period of sacrifice, NP columns with different letters from LP columns are significantly 


different at p < 0.001; *= p < 0.05; † = p < 0.01, columns with similar letters are not significantly different. 


 Key: Normal and low protein controls: (NPC and LPC), Low and normal protein ethanol-treated (LPE, NPE), 


Low and normal protein chloroquine-treated (LPQ, NPQ), Low and normal protein ethanol and chloroquine-


treated (LPEQ, NPEQ). 
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Figure 3.4.13: Proportion (%) of seminiferous epithelium in the testis of ethanol- and/or chloroquine-treated 


rats fed low or normal protein diet for 40days. Mean proportions (%) of seminiferous epithelium, compared 


between LP and NP groups, at each period of sacrifice, columns with different letters are significantly different 


at p < 0.001; *= p < 0.05; † = p < 0.01, columns with similar letters are not significantly different.  


Key: Normal and low protein controls: (NPC and LPC), Low and normal protein ethanol-treated (LPE, NPE), 


Low and normal protein chloroquine-treated (LPQ, NPQ), Low and normal protein ethanol and chloroquine-


treated (LPEQ, NPEQ). 
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Figure 3.4.14: Proportion (%) of seminiferous tubular lumen in the testis of ethanol- and/or chloroquine-treated 


rats fed low or normal protein diet for 40days. Mean proportions (%) of seminiferous tubular lumen, compared 


between LP and NP groups, at each period of sacrifice, columns with different letters are significantly different 


at p < 0.001; *= p < 0.05; † = p < 0.01, columns with similar letters are not significantly different.  


Key: Normal and low protein controls: (NPC and LPC), Low and normal protein ethanol-treated (LPE, NPE), 


Low and normal protein chloroquine-treated (LPQ, NPQ), Low and normal protein ethanol and chloroquine-


treated (LPEQ, NPEQ). 
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Figure 3.4.15: Proportion (%) of interstitial tissue in the testis of ethanol- and/or chloroquine-treated rats fed 


low or normal protein diet for 40days. Mean proportions (%) of interstitial tissue, compared between LP and 


NP groups, at each period of sacrifice, columns with different letters are significantly different at p < 0.001; *= p 


< 0.05; † = p < 0.01, columns with similar letters are not significantly different. 


Key: Normal and low protein controls: (NPC and LPC), Low and normal protein ethanol-treated (LPE, NPE), 


Low and normal protein chloroquine-treated (LPQ, NPQ), Low and normal protein ethanol and chloroquine-


treated (LPEQ, NPEQ). 
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Figure 3.4.16: Proportion (%) of interstitial space in the testis of ethanol- and/or chloroquine-treated rats fed 


low or normal protein diet for 40days. Mean proportions (%) of interstitial space compared between LP and NP 


groups, at each period of sacrifice, columns with different letters are significantly different at p < 0.001; † = p < 


0.01, columns with similar letters are not significantly different.  


Key: Normal and low protein controls: (NPC and LPC), Low and normal protein ethanol-treated (LPE, NPE), 


Low and normal protein chloroquine-treated (LPQ, NPQ), Low and normal protein ethanol and chloroquine-


treated (LPEQ, NPEQ). 
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3.4.4 Leydig and Sertoli cell counts 


 


Table 3.4.9A and B and Figures 3.4.17 and 3.4.18 show the results of the Leydig and Sertoli cell counts. The 


cell counts recorded diminutions numerically in almost all the treated groups, (i.e. NP and LP rat groups) 


compared with NPC rat groups spatio-temporally. Accordingly, significant reductions were recorded in the 


following rat groups compared with NPC rat groups, as follows: Leydig cell (in NPE and LPC: 10d, 20d to 40d; 


NPQ: 30d to 40d; NPEQ: 20d; and in LPE, LPQ, LPEQ: at 10d to 40d respectively), and Sertoli cell (in: NPE: 


20d, 40d; NPQ, NPEQ, LPC: 40d respectively, and in LPE, LPQ, LPEQ: 10d to 40d respectively). The LP – 


treated rat groups (LPE, LPQ, and LPEQ) showed significant reductions in Leydig and Sertoli cell counts at 


10d to 40d compared with LPC rat groups, except at 40d in LPE rat group (Table 3.4.9A and B). Further 


analysis showed significant numerical declines in Leydig cell number in, NPE (10d, 40d against NPEQ), NPQ 


(at 40d against NPEQ), NPEQ (20d against NPQ), LPEQ (40d against LPQ), and in LPEQ (10d to 40d) 


compared with NPEQ rat groups. In Sertoli cell, the decline was in LPEQ rats (40d against LPE). Also, 


significant decline in cell number was recorded at 10d to 40d in LPEQ rats compared with NPEQ rats in both 


Leydig and Sertoli cell number (Table 3.4.9A and B). Furthermore, the number of Leydig and Sertoli cell were 


significantly reduced in LP treated rat groups compared with the NP treated rat group (Figs. 3.4.17 and 


3.4.18).  
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Table 3.4.9A and B: Comparison of Leydig and Sertoli cell counts: Significance of differences  


A                                                                                                       p - values 


Number of 
Leydig 
cells 


DT NPC/NPE NPC/NPQ NPC/NPEQ NPC/LPC NPC/LPE NPC/LPQ NPC/LPEQ LPC/LPE LPC/LPQ LPC/LPEQ 


10d s* ns ns s* s** s** s** s s s** 


20d ns ns s ns s** s** s** s** s s** 


30d s s ns s** s** s** s** s s* s* 


40d s** s** ns s** s** s** s** s* s s** 


            


Number of 
Sertoli 
cells 


10d ns ns ns ns s** s** s** s s s** 


20d s ns ns ns s** s** s** s* s* s** 


30d ns ns ns ns s** s** s** s* s* s** 


40d s s* s**  s* s** s** s** ns s s** 


B Further analysis 


  NPE/  
NPQ 


NPE/ 
NPEQ 


NPQ/ 
NPEQ 


LPE/ 
LPQ 


LPE/ 
LPEQ 


LPQ/ 
LPEQ 


NPEQ/ 
LPEQ 


   


Leydig 
cells 


10d ns s* ns ns ns ns s**    


20d ns ns s ns ns ns s**    


30d ns ns ns ns ns ns s**    


40d ns s* s ns ns s s**    


Sertoli 
cells 


10d ns ns ns ns ns ns s**    


20d ns ns ns ns ns ns s**    


30d ns ns ns ns ns ns s**    


40d ns ns ns ns s ns s**    


DT: Duration of treatment; Shown are p-values only; (6.6A) show p-values of all treatment groups compared with NPC rat group  and LPC rat group 


compared to LPE-, LPQ- and LPEQ-rat groups. (6-6B) show p – values of comparison of groups fed same diets but placed on different treatments; also 


groups placed on similar treatments but fed different diets amongst others. ns = not significantly different, s = significantly different at p < 0.05; s* = p < 


0.01; s** = p < 0.001, NP and LP – normal and low protein fed rat groups.  


Key: NPC; NPE; NPQ: Normal protein, control; ethanol; chloroquine, respectively. LPC; LPE; LPQ:  Low Protein, control;  


ethanol and chloroquine, respectively. NPEQ and LPEQ: Normal and Low protein, ethanol and chloroquine combined. 
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Figure 3.4.17: Mean number of Leydig cell in ethanol and chloroquine treated male rats fed normal or low 


protein diet for 40 days. Mean number of Leydig cell in LP treated rat groups compared with the NP treated rat 


groups at each period of sacrifice. Columns with different letters are significantly different at p < 0.001; *= p < 


0.05; † = p < 0.01, columns with similar letters are not significantly different.  


Key:  Normal and low protein controls: (NPC and LPC), Low and normal protein ethanol-treated (LPE, NPE), 


Low and normal protein chloroquine-treated (LPQ, NPQ), Low and normal protein ethanol and chloroquine-


treated (LPEQ, NPEQ). 
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Figure 3.4.18: Mean number of Sertoli cell in ethanol- and chloroquine-treated male rats fed normal or low 


protein diet for 40 days. Mean number of Sertoli cell in LP treated rat groups compared with the NP treated rat 


groups at each period of sacrifice. Columns with different letters are significantly different at p < 0.001; *= p < 


0.05; † = p < 0.01, columns with similar letters are not significantly different.  


Key:  Normal and low protein controls: (NPC and LPC), Low and normal protein ethanol-treated (LPE, NPE), 


Low and normal protein chloroquine-treated (LPQ, NPQ), Low and normal protein ethanol and chloroquine-


treated (LPEQ, NPEQ). 
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3.4.5 Changes between the periods of sacrifice in stereological studies 


 


Table 3.4.10 shows results of the comparisons between the periods of sacrifice in the stereological analysis. 


Only the volume proportion (%) of seminiferous tubule (ST) and seminiferous epithelium (SE) showed 


significant changes between the one period and the other in the control rat groups (NPC and LPC). Significant 


increases were recorded in these parameters (ST and SE) as follows: ST (in: NPC: at 30d vs 10d; LPC: 40d vs 


10d and 20d), and SE (in; NPC: at 20d to 40d vs 10d; 40d vs 20d). In the treated rat groups, the volume 


proportion of each of the parameters recorded significant decreases as follows, ST (in: E-treated NP rats: 


reductions, at 30d vs D10, 20d, and LP rat groups: at 40d vs 10d to 30d; Q-treated NP rat group: at 30d and 


40d vs 10d and 20d, respectively; EQ-treated rat groups: NP-rats, 10d vs 30d, LP-rats: at 30d and 40d vs 10d 


and 20d, respectively), SE (in: E-treated rat groups: NP-rats, at 40d vs 10d, 20d and 30d, LP-rats, at 40d vs 


10d and 20d; EQ-treated rat groups: NP-rats, at 10d vs 20d, 30d, and at 40d vs 20d, 30d, LP-rats: at 30d, 40d 


each vs 10d and 20d respectively), IT (EQ-treated rat group: 40d vs 10d only).  Significant increases were 


recorded in STL and IS in the following periods of sacrifice in, STL (E-treated rat groups: NP-rats, at 30d, 40d 


vs 10d and 20d respectively, LP-rats, 40d vs 10d and 20d) and in IS (in, E-treated rat groups: NP-rats, at 20d 


to 40d vs 10d, LP-rats: at 30d, 40d vs 10d; and 30d vs 20d; Q-treated NP group: at 30d vs 10d; EQ-treated rat 


groups: LP-rats, at 30d, 40d vs 10d, and 30d vs 20d) (Table 3.4.10).  


 


Table 3.4.11 show the mean number of Leydig and Sertoli cells compared between the periods of sacrifice in 


each treatment group. Significant change in the number of cells was recorded only in the Leydig cells, in the 


control, E-treated, and Q-treated rat groups, as follows: Leydig cell (control rat groups: reduction at 40d vs 20d 


in LPC; E-treated rat groups: NP rats, reductions at 10d, 30d and 40d vs 20d respectively, and in LP rats, 


reduction at 40d vs 10d; and in Q-treated rat groups: NP rats: reduction at 40d vs 20d, and in LP rats: 


reductions at 30d, 40d vs 20d). However, significant reductions were recorded in the combined treated rat 


groups, in both the Leydig and Sertoli cells, as follows: Leydig cell (LPEQ rats: reduction at 40d vs 10d and 


20d), and in Sertoli cell (NPEQ rats: reduction at 40d vs 10d, 20d, 30d).   
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Table 3.4.10:  Stereological analysis: comparison of changes between the treatment periods, on the testis of ethanol (E), chloroquine (Q) or 


both (EQ) treated rats fed low or normal protein diet for 40 days: Significance of differences 


   p - values 


Parameters DT F-
G 


Control E-treated Q-treated EQ-treated 


10d 20d 30d 40d 10d 20d 30d 40d 10d 20d 30d 40d 10d 20d 30d 40d 


   
Seminiferous 
tububle  (%)   


10d NP  ns s* ns  ns s ns  ns s** s*  ns ns ns 


                 


LP  ns ns s  ns ns s*  ns ns ns  ns s* s** 


20d NP ns  ns ns ns  s ns ns  s** s* ns  ns ns 


LP ns  ns s ns  ns s* ns  ns ns ns  s s* 


30d NP s* ns  ns s s  ns s** s**  ns ns ns  s* 


LP ns ns  ns ns ns  s ns ns  ns s* s  ns 


40d   NP ns ns ns  ns ns ns  s* s* ns  ns ns s*  


LP s s ns  s* s* s  ns ns ns  s** s* ns  


Seminiferous 
Epithelium 
(%) 


 


10d NP  s* s* s**  ns ns s**  ns ns ns  s* s** ns 


LP  ns ns ns  ns ns s*  ns ns ns  ns s** s** 


20d NP s*  ns s ns  ns s** ns  ns ns s*  ns s** 


LP ns  ns ns ns  ns s** ns  ns ns ns  s* s* 


30d NP s* ns  ns ns ns  s ns  ns ns s** ns  s** 


LP ns ns  ns ns ns  ns ns ns  ns s** s*  ns 


40d   NP s** s ns  s** s** s  ns ns ns  ns s** s**  


LP ns ns ns  s* s** ns  ns ns ns  s** s* ns  


Seminiferous 
tubular 
lumen (%) 


 


10d NP  ns ns ns  ns s s*  ns ns ns  ns ns ns 


LP  ns ns ns  ns ns s  ns ns ns  ns ns ns 


20d NP ns  ns ns ns  s s* ns  ns ns ns  ns ns 


LP ns  ns ns ns  ns s ns  ns ns ns  ns ns 


30d NP ns ns  ns s s  ns ns ns  ns ns ns  ns 


LP ns ns  ns ns ns  ns ns ns  ns ns ns  ns 


40d   NP ns ns ns  s* s* ns  ns ns ns  ns ns ns  


LP ns ns ns  s s ns  ns ns ns  ns ns ns  
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Interstitial 
tissue (%) 


10d NP  ns ns ns  ns ns ns  ns ns ns  ns ns ns 


LP  ns ns ns  ns ns ns  ns ns ns  ns ns s 


20d NP ns  ns ns ns  ns ns ns  ns ns ns  ns ns 


LP ns  ns ns ns  ns ns ns  ns ns ns  ns ns 


30d NP ns ns  ns ns ns  ns ns ns  ns ns  ns ns 


LP ns ns  ns ns ns  ns ns ns  ns ns  ns ns 


40d NP ns ns ns  ns ns ns  ns ns ns  ns ns ns  


LP ns ns ns  ns ns ns  ns ns ns  s ns ns  


DT: Duration of treatment; FG: Feeding groups; ns = not significantly different, s = significantly different at p < 0.05; s* = p < 0.01; s** = p < 0.001, NP 


and LP – normal and low protein fed rat groups. Key: Normal and low protein controls: (NPC and LPC), Low and normal protein ethanol-treated (LPE, 


NPE), Low and normal protein chloroquine-treated (LPQ, NPQ), Low and normal protein ethanol and chloroquine-treated (LPEQ, NPEQ).
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Table 3.4.11: Comparisons of Leydig and Sertoli cell numbers: Significance of differences between the treatment periods 


   p - values 


Para-
meters 


DT F-G Control E-treated Q-treated EQ-treated 


10d 20d 30d 40d 10d 20d 30d 40d 10d 20d 30d 40d 10d 20d 30d 40d 


Leydig cell 
count 


10d NP  ns ns ns  s ns ns  ns ns ns  ns ns ns 


LP  ns ns ns  ns ns s  ns ns ns  ns ns s 


20d NP ns  ns ns s  ns s* ns  ns s ns  ns ns 


LP ns  ns s ns  ns ns ns  s* s ns  ns s 


30d NP ns ns  ns ns ns  s ns ns  ns ns ns  ns 


LP ns ns  ns ns ns  ns ns s*  ns ns ns  ns 


40d   NP ns ns ns  ns s* s  ns s ns  ns ns ns  


LP ns s ns  s ns ns  ns s ns  s s ns  


Sertoli cell 
count 


 


10d NP  ns ns ns  ns ns ns  ns ns ns  ns ns s* 


LP  ns ns ns  ns ns ns  ns ns ns  ns ns ns 


20d NP ns  ns ns ns  ns ns ns  ns ns ns  ns s** 


LP ns  ns ns ns  ns ns ns  ns ns ns  ns ns 


30d NP ns ns  ns ns ns  ns ns ns  ns ns ns  s* 


LP ns ns  ns ns ns  ns ns ns  ns ns ns  ns 


40d   NP ns ns ns  ns ns ns  ns ns ns  s s** s*  


LP ns ns ns  ns ns ns  ns ns ns  ns ns ns  


DT = Duration of treatment, F-G: Feeding groups; ns = not significantly different, s = significantly different at p < 0.05; s* = p < 0.01; s** = p < 0.001, NP 


and LP – normal and low protein fed rat groups. 
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CHAPTER 4 


 


DISCUSSION 


 


4.1 HAEMATOLOGY 


The results of the haematological analyses show increased interactive effect between ethanol (E) and 


chloroquine (Q) in low protein (LP) diet fed-rat group.  The increase in the interactive effect due to LP-diet is 


similar to that reported by Akingbemi and Aire1 on the interaction between gossypol and ethanol in normal and 


low protein fed-rats. High dietary protein consumption increases metabolism of drugs and the activity of the 


mixed function oxidase system, and consequently increases the excretion of the drugs2, while inadequate 


protein intake results in reduced metabolism3,4,5 and therefore increased toxic effects of the drugs. The 


fluctuations in treatment effects in all the parameters suggest changes in the biotransformation or 


bioavailability of the drugs across the intervals. The similarity in trend across the intervals in the values of 


RBC, Hb and PCV agrees with the report of Johnson et al.5. The changes produced in RBC indices by E, Q 


and their interaction under NP- and LP-intake implicates a tendency toward low Hb and small cells. Perhaps 


microcytic anemia may develop if the treatment continued for a longer duration.   


 


As previously reported by Harold and Ballard6, the reductions in RBC count in both dietary regimens by E and 


Q suggests a depression of the process of haematopoiesis. However, both drugs interactively altered their 


individual adverse effects on the haematopoietic system leading to increased erythropoiesis (Fig. 3.2.1). The 


increase was more amongst the NPEQ-treated rats. Musabayane et al.7 reported an interactive effect of E and 


Q, whereby E and Q separately significantly reduced urinary Na+ excretion but, in combined administration, 


significantly increased its excretion. The present study has shown that Q may be directly toxic to the 


haematopoietic system as also reported by Nagaratnam et al.8. Since E  is also directly toxic to the 


haematopoietic system6, the enhancement of haematopoiesis, as the available literature suggests, may be a 


combination of one or more of the following: (a) alteration of renally active hormones7, (b) increased 


metabolism and excretion of both drugs due to high protein consumption2, (c) a metabolic induction 


(interaction) via cytochrome P-450 enzymes9 (i.e. metabolic or biological antagonism between E and Q leading 
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to increased activity of P-450 enzymes (increased clearance)10,11,12. This could result in diminished or absence 


of the activities of both drugs, and (d) a deficiency of protein, essential amino acids and several minerals also 


decreases the activity of this system in animal tissues 13,14.  


 


The elevated Hb concentration due to the interaction between E and Q in NPEQ-treated rats is consistent with 


increased RBC production in this group of rats.  Also the increased Hb concentration in NPE and NPQ as 


against LPE and LPQ-treated rats may be supported by previous reports that protein rich diets increased both 


haematocrit levels and haemoglobin concentrations in human and animal studies15. The effect of E and Q 


therefore are related to the dietary lines. Low protein intake may have marred the interactive effects of E and Q 


thereby exacerbating a decrease in heme production16 and haematopoiesis6 as reflected in LPEQ-treated rats.   


 


The changes in PCV values suggest that dietary protein levels and probably treatment duration may modulate 


the effects of E and Q on PCV values. Since PCV levels reflect the extent and efficiency of oxygen uptake and 


transfer to tissues17, the low values in LPEQ-treated rats may reflect low oxygen uptake and transfer to 


tissues, signifying a reduction in the body‟s metabolic activity18.  


 


The macrocytic effect of E became evident at 40d in normal nutritional status. While this finding agrees with 


previous reports6,19,20, it further suggests that duration of treatment may be a factor. It has been suggested that 


macrocytosis caused by E may be due to direct toxic effects of E and its metabolites on the haematopoietic 


system21,22,23. In this study, Q was found to cause macrocytosis under normal protein dietary conditions at 40d. 


The macrocytosis in NP- and microcytosis in LP- treated groups at 40d, suggest the influence of nutritional 


status on the effects of E and Q on peripheral blood. This may also explain the strong interaction between 


intervals, drugs and diets (Table 3.2.3). The result at 40d in NPEQ- group relative to NPQ- and NPE- groups 


indicates that the interaction of Q with E ameliorates macrocytosis in the NP- dietary regimen. Generally, E 


suppresses haematopoiesis24,25 and impairs the function of the haematopoietic system26. Our findings suggest 


further depression of these systems in conditions of low protein-energy intake by both drugs.   


 







 


123 
 


 


The general reduction over time in MCH values in all the treatment groups implicates different states of 


anaemia. The greater reduction (p < 0.01) in LP-fed rats indicates greater severity of effects in low protein 


intake. The convergent/reductive effects of E and Q in the NP-fed rats (NPE, 30, 40d and NPQ 30, 40d) and 


the divergent/reductive effects in the LP-fed rats (LPE, 30, 40d and LPQ, 30, 40d) may reveal phases of drug 


effects and stress on the body‟s homeostasis as the treatment progressed. It suggests that interaction 


between the drugs and other metabolic processes may be involved. The pronounced difference in MCH values 


of NPEQ- and LPEQ-treated rats at 40d, suggest a modification of drug action, enhanced by the duration of 


treatment and influence of dietary regimen as already explained, above. 


 


The increased MCHC in LP-treated rats (LPE, LPQ and LPEQ) suggests a hyperchromic anemia, a condition 


commonly associated with a decrease in number and increase in size and haemoglobin content of RBCs. The 


general reduction in RBC number may have caused the accumulation of haemoglobin within the available 


RBCs, while the decreased MCHC values, especially in NPE and NPEQ, may be due to the greater number of 


RBCs in comparison to LPE- and LPEQ-treated rats. The effects of the treatment on other haematologic 


parameters may have also contributed to the MCHC profile.    


 


At 40d, thrombocytopenia was present in all treatments irrespective of dietary status. Ethanol-induced 


thrombocytopenia may be due to its interference with the late stage of platelet production6,23,27, possibly due to 


a combination of ineffective thrombocytopoiesis and a shortened platelet life span or both16. The increases in 


circulating platelets in LPE (thrombocytosis) suggest an initial response to toxic effects of E, while the 


decrease from 30 to 40d may indicate a time-dependent effect with a consequent decrease in 


haematopoiesis6. Low protein-intake exacerbated thrombocytopenia caused by Q as reflected in LPQ treated 


group at 40d. The present finding conflicts with the report of Osim et al.28 that Q prolongs the life span of 


platelets by inhibiting platelet aggregation thereby increasing the number of circulating platelets without any 


effect on bleeding time29, but agrees with other reports that Q causes thrombocytopenia30. Interactively, both 


drugs acting antagonistically produced less adverse effect in NPEQ- and LPEQ-treated rats.  


 


The higher WBC counts in the LP- than the NP-treated suggests that adequate nutrition is essential in 


stabilizing the immune system of the body3 in the presence of these drugs31. The leukocytosis (LPE and LPQ), 
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less severe in NPE and absent in NPQ groups, suggests that nutrition modulates the effects of both drugs. 


The gradual but consistent leukocytotic effect (more in LPEQ than in NPEQ group) due to the interaction 


between E and Q may indicate a gradual development of a pathological condition, with Q and E consistently 


ameliorating the effect of each other through the intervals, as suggested by the significant interaction between 


the drugs, diets and intervals. 


 


Eosinophil and monocyte counts did not contribute to the change in the total WBC count observed in the 


treatment groups irrespective of the nutritional status, as no significant change in count was observed. Since 


neutrophils and lymphocytes have a major role in fighting foreign organisms, the variations in leukocyte counts 


were essentially caused by variations in neutrophil and lymphocyte numbers. The neutrophilia across the 


intervals in all the treatment groups reflect stress increases on the immune system. With a high level of 


pathogen-fighting cells in the LP-treated rats, the immune system seems to be more challenged in this group, 


and hence, the significant increase in lymphocyte count at 40d in LPC, 30d in LPE and LPQ-treated rats. The 


interaction between the drugs in the Q- E-treated rats resulted in a reduction in the lymphocyte and neutrophil 


counts, thus suggesting a lowering of resistance to infection. 


 


In conclusion, there is a strong significant interaction between E, Q, dietary status and duration of treatment on 


haematologic values. The depressive effects of E and Q, individually, on haematopoiesis seem to be time 


dependent, even in the absence of protein malnutrition. The individual adverse effects of E, Q, and diet seem 


to be altered (interactively) in concurrent administration.  


 


4.2 BIOCHEMICAL PARAMETERS 


The present study also explored the effect of concurrent administered of Q and E under a protein 


malnourished dietary regimen on select biochemical parameters. Concurrent presence of E and Q in the body 


may either be due to misuse/abuse of these drugs, individual habits and/or disease conditions. The adopted 


experimental design in this study, mimics prevailing social conditions in malaria-endemic and often 


impoverished, developing countries.  
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Normal and low protein controls (NPC, LPC) were employed so as to determine the combined effects of E and 


Q in association with protein malnutrition. Although some overlapping effects might still be obscured, loss of 


body weight, and decrease in relative organ weights (heart, kidneys, liver, spleen, pancreas and enlarged 


adrenal) in all the treated groups, but especially in LPEQ-treated rats, show that protein malnutrition can 


enhance the adverse effects of combined consumption of E and Q.  


 


The differences in the values of the biochemical parameters between one period of sacrifice and another, may 


suggest different time-dependent effect, by the treatments. Furthermore, these differences or changes in 


values may indicate that biotransformation or bioavailability of the drugs differed between one period of 


sacrifice and the other. Additionally, changes in the physiological processes of the body, as the animal 


responds to the effects of the drugs with treatment progression, may have contributed to differences in the 


values of the parameters studied. An earlier report, Altnifilk et al.32 had shown that many biochemical variables 


were not consistent in their values when the effects of ethanol, passive smoking alone, or concurrent ethanol 


and passive smoking, were considered.  


 


The inhibition of protein synthesis by E and/or Q may account for the decrease in serum total protein and 


albumin levels, between 10d to 30d, in all the treatment groups. This is consistent with the findings in earlier 


reports32-35. Hypoalbuminaemia commonly arises from liver disorders and inflammation17. Alterations in liver 


structure are more marked when E coexists with protein deficiency36. The concurrent presence and hence 


interaction of E and Q in the LP group of rats may have contributed to a greater reduction in TP and albumin 


levels in the LPEQ group. This was clearly evident after the 40-day treatment period. The low albumin levels 


(more marked at 40D in the LPQ, LPE and especially in LPEQ group) may further be an indication of hepatic 


dysfunction, when considered together with the increased serum ALT activity37. Since the liver is the primary 


source of plasma albumin38, it is not surprising that the albumin level was low while ALT activity was high in 


this treatment group. Although the present study did not carry out histological evaluation of the liver, but, as 


previously reported7,39, alteration in kidney structure,7 associated with hepatic dysfunction39, may have 


contributed to the low albumin levels.  However, the dramatic increase in their levels (i.e. TP and albumin) 


between 30d – 40d, especially in the NPEQ group, suggests the influence of a long duration of consistently 


high protein dietary intake ameliorated the effect of these drugs, since such an increase was absent in the 


LPEQ group. Also, the greatest increase in TP recorded in NPEQ group suggests an ameliorative effect of the 
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interaction between Q and E in the NPEQ group, implying that NP dietary intake may ameliorate adverse 


effects of combined consumption of E and Q. Normal protein intake can increase metabolism and excretion of 


E and Q, leading to a reduction in their individual toxicity2. A previous study demonstrated that nutritional 


status may modulate the adverse effect of combined presence of E and Q40 in the body. Changes in serum 


globulin levels were similar to TP and albumin levels. The absence of obvious significant differences in A/G 


ratio in either between or within group comparisons suggests that both fractions were almost uniformly altered.  


 


The higher plasma urea levels in NP- than in LP- treated groups are consistent with previous reports that 


linked dietary protein level in the diet (protein intake) with plasma urea concentration37,40. The general increase 


in plasma urea levels in NPEQ- and decreased levels in LPEQ- groups is therefore understandable. However, 


the depressed serum urea level at 40d in NPEQ rats, suggests that the ability of the liver to deaminate proteins 


was probably depressed37, with increased treatment duration. Serum urea is a product of protein degradation 


by the liver. The decrease in serum urea level was exacerbated in the LPEQ group compared to decreases in 


LPE and LPQ rats, probably illustrating greater severe effects in the liver in LPEQ groups. On the other hand, 


increased urea levels in LPE and LPQ relative to NP- rat groups suggests altered kidney function in concurrent 


administration7. Renal effects of E and Q leading to increased urea level have previously been reported41,42.  


Although the present study did not include analysis of liver iron content, it has been demonstrated in a 


previous study that low protein diets increase liver iron content36, which, in turn, may enhance E 


hepatotoxicity43,44. This may explain the depression in urea level in LP-treated rats compared to NP-treated 


rats. Hepatotoxicity and associated renal dysfunction may account for the different urea levels in the LP- and 


NP- dietary treated rat groups. Abnormalities in renal function are common in advanced liver disease39.  


 


The rise in serum creatinine level between 30d – 40d, suggests alteration in kidney structure and function due 


to prolonged treatment duration. Murugavel and Pari42 and Ekor et al.,45 reported that nephrotoxicity, induced 


by Q and other drugs, manifested biochemically in a significant increase in serum creatinine levels. Thus, low 


serum creatinine levels in NPEQ and LPEQ rat groups, compared to levels in NPQ, NPE and LPE, LPQ, 


respectively, suggests some beneficial effects (reduction in adverse effects) in concurrent administration due 


to interaction of the drugs in the liver of NPEQ- and LPEQ- rat groups. However, higher creatinine level in 


NPEQ- than in LPEQ- rat groups may be accounted for by dietary protein levels. Also, the gradual non-


significant increase in serum creatinine in the NPC group through the periods of sacrifice may be due to a 
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dietary effect and duration of consistent intake of NP-diet. Creatinine is a metabolite of muscle protein 


degradation46, catalyzed by creatinine phosphokinase (CPK). The differences in composition of the two dietary 


regimens may therefore explain the greater serum creatinine levels in NP- treated groups (which became 


apparent at 40d) compared to the LP- treated groups.  


 


The increased levels of ALP and ALT in all the treated groups, compared with the controls, suggest hepatic 


toxicity. Accordingly, increased serum ALP activity in all the treatment groups, albeit higher in LP-treated than 


in NP-treated groups, is consistent with the findings by Akingbemi and Aire1, in which the liver was more 


severely damaged in LP- than in NP-gossypol-treated groups of rats. Additionally, increased activity of serum 


ALT in NP-treated (NPE, NPQ, NPEQ) and LP-treated (LPE, LPQ, LPEQ) groups, compared to the controls, 


may be a direct reflection of hepatocellular damage, previously indicated by Pari and Amali47. This is because 


ALT is released into the systemic circulation from the cytoplasm of hepatocytes following severe damage48. 


Therefore, higher elevations of ALT and ALP activities amongst the LP-groups suggest greater hepatic 


damage in LP- rat groups. These data also suggest that consistent intake of diets high in protein content may 


ameliorate the adverse effects of combined E and Q intake. 


 


The results also indicated that Q produced more adverse effects in most of the parameters than E in NP-


treated groups, while the reverse is true of LP-treated groups, except in ALP and ALT activities. As already 


indicated above, low protein diets (as against high protein diets) increase liver iron content36, which in turn, 


enhances E hepatotoxicity43-44, by promoting lipid peroxidation43,49 and prolyl hydroxylase activity50. Thus, the 


adverse effects of E on the liver may be enhanced by LP-diet. On the other hand, the lower effect of Q may be 


attributed to increased iron content. It has been shown that chloroquine-induced killing of yeast cells was 


inhibited by increasing the iron content of the cells in pharmacological assays51. 


 


In conclusion, these three factors (ethanol, chloroquine, low protein diet) independently and adversely affected 


the values of the biochemical parameters. However, the overall findings suggest that adequate and consistent 


intake of normal protein diet may ameliorate the toxic effects of concurrent consumption of E and Q, while 


inadequate protein dietary content may enhance their toxic effects. If humans react similarly, this has clinical 


implications/significance for developing countries in which malaria is endemic, and where protein deficient 
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diets, misuse/abuse of chloroquine through self-medication, and alcohol consumption or alcoholic beverages is 


widespread. Another significant observation is that, these interactive effects of the drugs and dietary protein 


levels were clearly evident at 40 days, suggesting a gradual development of toxicity caused by the interaction, 


which became evident following prolonged treatment at 40 days. This treatment implies that patients who 


consume high levels of alcohol while on Q medication for the treatment of malaria or rheumatoid arthritis, 


especially in malaria-endemic areas of the Third World countries, where protein-deficient diets are common, 


may be predisposed to biochemical disturbances emanating from such an interaction. A lesson that may be 


learned from the result is that, alcoholics, suffering from alcohol-induced malnutrition, who are on prolonged or 


frequent chloroquine therapy may be subject to adverse effects of this interaction. The rationale for this study 


is the lack of awareness of possible toxic effects of the interaction in individuals who consume alcohol regularly 


while on Q treatment, in the face of protein malnutrition. 


 


 


4.3 HISTOLOGY OF THE TESTIS: MORPHOMETRY AND MICROSTEREOLOGY 


 


There is a dearth of quantitative data in the literature regarding the effect, on the testicular tissue, of combined 


administration of ethanol (E) and chloroquine (Q) in the presence of protein malnutrition. These drugs are 


generally subject to abuse especially in the malaria-endemic and impoverished communities of the 


World52,53,54. In these poor settings with malaria endemicity, the concurrent ingestion of ethanol and 


chloroquine under a regimen of protein malnutrition is not uncommon.  Ethanol and chloroquine are both toxic 


to the testes55-60, and protein malnutrition is also known to negatively affect the proper functioning of the testis 


as well as other bodily systems61. Since the reproductive health impact of this prevalent condition (i.e. 


combined E, Q ingestion/administration and malnutrition) on the proper functioning of the testes is unknown, it 


is therefore germane to study the effects of this condition on the testicular tissue to address (to some extent) 


its relative contribution to the overall reproductive health of the people affected, suing the rat as a model. 


Stereological and morphometric methods are useful tools in histological analysis of tissues as they shed more 


light on histological observations and reveal changes which ordinarily would not be possible with routine 


histological observations. Their ability to expose subtle changes in tissue structure and disposition determined 


their use in this study. 
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The results of the present study show that ethanol, chloroquine and protein malnutrition, have independent 


and synergistic actions on body and gonadal weights in rats. The greater losses in relative body weights of 


NPQ and LPQ rats than in E-treated rats (NPE and LPE) is consistent with the findings by Musabanyane et 


al.,62 in which rats fed on normal diet but administered with Q alone for 4 weeks suffered progressive weight 


loss. These authors62 attributed the greater body weight in E-treated rats to energy derived from ethanol. The 


greater loss (%) in body weight gain of LP fed rats (LPE and LPQ) than NP fed rats (NPE and NPQ) suggests 


that LP exacerbates deleterious effects of E and Q in rats. Gonzale-Reimers et al.,63 reported that a positive 


interaction existed between ethanol and protein deficiency resulting in decreased body weight. The present 


study similarly shows that a positive interaction may exist between protein deficiency and Q.  


 


The loss in body weight of LPEQ rats in the 40d group and the gradual body weight increase in NPEQ rats, 


suggests that LP diets may enhance the toxicity of E and Q administered concurrently, unlike the NP diets. 


These findings indicate that normal protein levels in diets ameliorate the toxic effects of E and Q, administered 


separately or concurrently.  Akingbemi et al.,64 reported that adequate levels of protein in the diet may have 


contributed to reduced gossypol toxicity in rats through enhanced metabolism or clearance from the body.   


 


The increased relative weights of the testis and epididymis in LP fed rats groups compared to NP-fed rats may 


reflect the reduction in terminal body weights of LP-fed rats65. It also suggests reduced drug effect on the 


general body mass in NP fed rats than in LP-fed rats probably due to increased protein level in the diet. It 


further suggests that testicular weight was less affected than body weight in LP rats, indicating possible 


sparing of testis weight relative to body mass.  


 


The significantly reduced relative epididymal and prostate weights of LP-fed rats (LPE- and LPQ- and LPEQ-


rats) at various periods of sacrifice compared with LPC rats, and the absence of significant changes in this 


parameter among the NP-treated rats (NPE and NPQ rats) compared with NPC rats, suggest enhanced drug 


toxicity on body and organ weights in LP dietary intake, resulting in decreased relative weights. Thus, the 


adverse effects of combined E and Q administration in NP-fed rats may be greater on the testis than on the 


epididymis and prostate gland. This is supported by the reduction in relative testicular weight in NPEQ rats 


unlike the increases in the relative weights of the epididymis and prostate gland of NPEQ rats, as compared to 
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NPE and NPQ rats. However, the significantly greater reductions in relative weights of testes and epididymides 


of LPEQ rats than in LPC, LPE and LPQ rats, and of the prostate gland in the LPEQ rats than in the LPC rats, 


suggests a higher level of drug toxicity on the testes, accessory reproductive glands and on the general bodily 


condition under protein malnutrition and concurrent E and Q administration. Thus LPEQ rats may experience 


greater reproductive toxicity than in other treatments. Gupta et al.,66 reported that reduction in the weight of 


accessory reproductive organs (with attendant reduced androgen availability) adversely affected the 


reproductive function of male rats because male accessory reproductive organs were controlled by androgens 


through their specific receptors. According to Kumar et al.,67 androgenic deprivation in the prostate of the rat 


up-regulates the concentration of transcripts for androgen receptors. 


 


On the other hand, significantly increased relative epididymal and prostatic weights of NPEQ unlike in NPC, 


NPE and NPQ rats may imply that in concurrent administration of E and Q in NP rats, toxic drug effects were 


exerted more on the body than on the accessory sex organs. Additionally, it suggests a less toxic effect (an 


organ-sparing effect) of combined interaction of the drugs and increased protein level in diet on testicular, 


epididymal and prostatic weights, relative to general body mass. A previous report has shown that somatic and 


organ growth rates were differentially affected (with an organ-sparing effect) in weanling rats exposed to 


ethanol (36% of total calories)68. These authors68 also observed no significant change in relative epididymal 


weight, in contrast to our present result, although the experimental methods differed. Weingerg69 had also 


reported sparing effects on placental and brain weights in animals exposed to ethanol prenatally. The present 


study supports and extends these reports, indicating that in adult rats, the body, testicular and accessory 


reproductive organ weights may be differentially affected by the interaction emanating from the coexistence of 


these three factors (i.e. E, Q and LP-diet).    


 


The significant reductions in STD and SEH caused by E and/or Q treatments in both dietary regimens may be 


due to cell death or sloughing of seminiferous epithelial cells56, 67, 70,71. A previous report indicated that Q 


caused a reduction in STD59 but not in SEH, as found in this study. These authors,59 however, did not consider 


the effect of protein malnutrition. The significantly reduced STD and SEH of all the treated rats compared to 


control rats, and the greater reductions in LP fed rats group (LPE, LPQ and LPEQ rats) compared to NP fed 


rats group (NPE, NPQ and NPEQ rats) may indicate that normal protein levels in the diet ameliorate but do not 


completely prevent the adverse effects of E, Q individually and in combination, on the testis. The toxicity of 







 


131 
 


 


these treatments was progressive as shown by the increasing percentage reduction of STD and SEH from 


10D to 40D sacrifices, although higher percentage reductions occurred in LPQ than LPE rats. The percentage 


reduction in values at the 40D period in SEH (-36.77%) and STD (-24.20%) of LPEQ rats relative to NPEQ rat 


(-26.89% and -13.14%, respectively) suggests greater testicular toxicity of combined administration of E and Q 


and low protein diets. Accordingly, spermatogenic activity in the LPEQ rats will be more negatively affected 


than in NPEQ rats as well as in other treatment groups, since STD and SEH are important parameters in 


assessing the spermatogenic activity of the seminiferous tubule72. The consistent significant (p < 0.05) 


differences in STD of E-treated rats at 40D sacrifice groups compared with 10d, 20d and 30d sacrifice groups 


suggest a greater adverse effect on STD by E than by Q which failed to elicit a similar response. 


 


The lack of a consistent correlation between STD and SEH across the periods of sacrifices may prove that E, 


Q and their combination affect these parameters in a variable manner irrespective of protein levels in diet. 


However, under NP dietary intake, STD and SEH seem to be almost similarly affected by Q than E and their 


combination. This is supported by the almost consistent positive correlations between STD and SEH of NPQ 


rats (at 10d, 30d and 40d sacrifices) but not the LPQ rats.    


 


This study also has revealed volume and dimensional changes, in all the treated rat groups, characterized by 


significant decreases in LCND, SCND, AST, ALCN, ASCN and ASG, and increases in TCT, relative to the 


controls groups. The stereological evaluation showed a similar trend with significant decreases in the relative 


volume of ST, SE, IT, as well as increases in relative volume of STL and IS of the treated rat groups (NPE, 


NPQ, NPEQ, LPE, LPQ, LPEQ), when compared with the control groups. The results indicate that E, Q and 


malnutrition independently exert toxic effects on the male testis which is consistent with previous reports55,56,58-


60,63. In the morphometric analysis, the highly significant changes observed in LP-treated rat groups (LPE, 


LPQ, LPEQ) and the correspondingly less significant changes noted in the NP-treated rat groups (NPE, NPQ, 


NPEQ), compared with the NPC rat groups, suggest enhanced testicular toxicity in LP dietary intake. The 


increased thickness may be due to decreased seminiferous tubular epithelial height and diameter, as well as, 


decreased testicular parenchyma volume leading to stretching of the capsule. The increased thickness of the 


capsule of the testes of all the treated rat groups compared with control groups is consistent with the report of 


Klassen and Persaud73 in which the experimental rats were fed 6% ethanol diet (later increased to 10%). 


Another report by Shafik et al.,74 indicated that the testicular capsule is not an inert covering to the testicle, but 
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by its intermittent contractions during ejaculation (caused by myofibroblast)75 assist in moving the testicular  


secretions toward the epididymis and the vas deferens, and enhance testicular blood circulation. Although the 


present study did not consider the analysis of the histological components of the capsule, however, alteration 


of the testicular capsule structure (such as increased thickness of the capsule), may undoubtedly affect the 


normal testicular function during ejaculation. The increased thickness of the capsule (which suggests a 


structural defect) may compromise the efficiency of its contractility. The observed effect (increased testicular 


capsule thickness) was more pronounced in the LP- than NP- treated rat groups and in LPEQ- than in NPEQ- 


rat groups suggesting greater adverse effect in LP dietary conditions.   


 


The observed reduction in the nuclear diameters of Leydig and Sertoli cells also show a similar trend, with a 


greater reduction in LP- than in NP- and in LPEQ- than in NPEQ- rat groups, compared with NPC rats. These 


observations suggest a disruption of normal reproductive processes (reproductive dysfunction) in the treated 


rat groups, especially in LPEQ rat groups. Previous reports76-78 have shown that both E and Q adversely affect 


Sertoli and Leydig cells and therefore spermatogenesis. Malnutrition (protein deficiency) has also been 


associated with adverse testicular function61,63,79. The increased adverse effects of E and Q in LP-treated rat 


groups are consistent with an earlier report63 which showed that an interactive effect seems to exist between E 


and protein deficiency. It also does support that an interactive effect exist between Q and protein deficiency as 


we reported earlier80. Therefore, the greater toxic effects observed in EQ combination in LPEQ rats, than in 


NPEQ rats, as revealed in this study, may suggest enhanced toxicity of EQ interactively due to LP-diet. On the 


one hand, this result does imply a less toxic effect of combined interaction of E and Q and increased protein 


level in diet (as seen in NPEQ rats), probably due to enhanced drug metabolism and excretion by normal 


protein intake2.     


 


The significant reductions in the nuclear diameters of Leydig cells of LPE- and Sertoli cells of LPQ- rat groups 


compared with LPC rats seem to suggest that E and Q selectively affect these cells under LP dietary status. 


Thus, while in LP- dietary regimen, E exerted more adverse effects on Leydig cells, and Q more on the Sertoli 


cells, both drugs, however, exerted a similar degree of inhibition on these cells in NP dietary regimen. It is not 


known why E and Q in LP diets exerted varying effects on the Leydig and Sertoli cells. This is a novel finding 


or observation. Furthermore, the significant reductions in the nuclear diameters of these cells will impact 


negatively on their function, e.g. steroidogenic activities, leading to a possible disruption of spermatogenesis 


and general reproductive function. Earlier reports76,81 have indicated that a decrease in the nuclear diameter 
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and number of Leydig cells resulted in suppressed testosterone production81, while the absence of any 


obvious change in the nuclear diameter revealed normal Leydig cell steroidogenic activity82. Other 


reports77,83,84 have also shown that damage to Sertoli cells will cause germ cell death and affect fertility since 


Sertoli cells control, among others, germ cell nurture, proliferation, differentiation and death. Thus, the LPEQ 


rat group with a greater percentage reduction in cell nuclei diameters (-21.53% for the Leydig cell and -18.78% 


for the Sertoli cell) than NPEQ rat group (-10.55% for the Leydig cell and -10.51% for the Sertoli cell) at 40d, 


respectively, compared with NPC rat group, will be more adversely affected. This suggests that LP diet 


exacerbates the toxicity of combined EQ ingestion.   


 


The observed reductions (which were more in LP-treated rat groups) in the cross-sectional areas (AST, ALCN, 


ASCN and ASG) compared with NPC rat groups, also suggest that (irrespective of dietary regimen) E, Q and 


EQ combination are independently toxic to testicular tissues. This, again, suggests that testicular/reproductive 


functions of the treated rat groups will be adversely affected. The reduction in the AST is consistent with an 


earlier report by Gonzale-Reimers et al.,63 in which reproductive function was adversely affected in rats due to 


significantly reduced AST following E ingestion and LP dietary intake. This is also consistent with an earlier 


report80 of decreased cross-sectional diameter of the seminiferous tubule following E and/or Q treatments in 


rats. Other investigators have also reported decreased cross-sectional diameters following E or Q 


treatment63,73,85,86. Furthermore, Gupta et al.87 observed that significantly reduced Leydig cell nuclear area as 


well as cross-sectional surface area of Sertoli cells resulted in inhibition of spermatogenesis.  


 


Damage to Sertoli cells may secondarily affect the germinal elements of the testis77,88.  Although, the nuclear 


cross-sectional areas were significantly reduced in LPC and LPEQ rat groups, relative to NPC rat groups, 


these parameters in LPEQ rats were also significantly reduced in comparison with LPC rat groups. This 


implies that the LPEQ rats, as well as LPE and LPQ rats, were more adversely affected than the NP-treated 


rats, relative to NPC rats. The percentage reductions in cross-sectional areas of LPEQ rats at D40 of sacrifice 


(AST: 39.59%; ALCN: 35.68%; ASCN: 36.37%; and AGE: 47.09%) in contrast to lesser reductions in NPEQ 


rats (AST: 24.13%; ALCN: 15.42%; ASCN: 18.06%; ASG: 23.86%) relative to NPC rats lend support to a 


greater toxicity of EQ combination in LP rats. Additionally, the significant parameter reductions in LPEQ- 


relative to NPEQ-rats also reveal more adverse effects in LPEQ rats. It has been reported that shrinkage in 


Leydig cell nuclei of rats treated with saponins produced a pronounced reduction in fertility89, while a reduced 
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surface area of the Sertoli cell could be compared with cryptorchidism-like activity89,90. Consequently, 


spermatogenic activity in LPEQ rats will be more severely affected than NPEQ rats and other treatment rat 


groups since these parameters are important indicators of spermatogenic activity in the testis72,89,91,92.  


 


Since sloughing of seminiferous tubular epithelium is consequent upon Sertoli cell damage, owing to 


microtubule disruption93, which naturally leads to tubular atrophy94, the damage to Sertoli cells may have 


contributed to the significant reduction in the seminiferous tubular diameter and epithelial height due to E, Q 


and/or EQ treatments, as previously reported80. The results therefore demonstrate clearly that, although E and 


Q cause damage to the testicular tissues (more in LP- than in NP- dietary intake), EQ exposure may severely 


alter the morphology of testicular tissues of LP rats, causing great reductions in measured parameters. It also 


seems to suggest that Leydig cells may be more resistant to toxic influences of Q than to E and EQ 


combination in LP rats while in NP rats, the Leydig cell may be more resistant to adverse effects of Q and/or 


EQ.   


 


An earlier report73 has shown that spermatogonia and Sertoli cells are more resistant to toxicity of E than other 


testicular cells. The non-significant difference between NPC/NPE and LPC/LPE dietary groups in the area of 


spermatogonia also indicates that spermatogonia were resistance to toxicity of E but not to Q and EQ 


combination in both dietary regimens. However, the lack of significant changes between one period of sacrifice 


and another in the nuclear diameter, surface area measurements and stereology suggests minimal changes 


between the periods of sacrifice, but, the significant changes seen between 10d versus 30d or 40d may be 


attributed to prolonged treatment, suggesting a gradual development of toxicity. Although the result (i.e. 


decreased Leydig and Sertoli cells) is consistent with an earlier report by Ebong et al.,76 who attributed a 


decline in Leydig cell numbers, following Q administration, to prolonged treatment, the significant reductions in 


the mean number (more in LP than in NP rat groups) of Leydig and Sertoli cells in the treated groups 


compared with control group (NPC), further demonstrate that E, Q, low protein diet and their combination, are 


toxic to these cells. The toxicity is greater in LPEQ rat groups, which showed a significant reduction in cell 


number compared with the LPE, LPQ and NPEQ rat groups. Furthermore, another report has, also, indicated 


that rats treated I.P. with low doses of mercuric chloride (0.05 – 0.1 mg kg-1)  over 90 days, showed a gradual 


alteration in testicular tissue, such as reduced seminiferous tubular diameter, spermatogenic cell counts and 


Leydig cell nuclear diameter85. However, the seminiferous tubule and epithelium, more than the Leydig cell, 
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Sertoli cell and spermatogonia (as seen in ALCN, ASCN, and ASG parameters), were susceptible to toxicity of 


these treatments as shown by the significant changes between the periods of sacrifice in AST, especially in Q 


and EQ treatment groups as well as in the volume proportions of ST, SE and STL. The overall effect of the 


treatment on the testicular seminiferous tubule and epithelium, may be a reflection of the adverse effects on 


the Leydig cell and Sertoli cell, since damage to these cells adversely affects the functional integrity of the 


testis72,89,91,92.  


 


The stereology results complemented the morphometric results. As in the morphometric results, the significant 


reductions in the relative volume proportions of ST, SE, IT, and the increases in STL and IS of both the NP- 


and LP- treated rats, relative to NPC rats, suggest that both chemicals and their combination caused testicular 


lesions, irrespective of dietary protein levels. Disruption of spermatogenesis had been linked to reductions in 


the volume of testis, tubules, tubular diameter and thickness of epithelia, in the mouse due to busulfan 


administration95. It has further been shown that, these parameters are important for the determination of the 


efficiency of the spermatogenic process92,96,97. Moreover, the absence of significant differences in the 


parameters in NPE/NPQ and LPE/LPQ rat groups seem to suggest that E and Q exert similar degrees of 


toxicity in either LP or NP dietary intake. However, the absence of significant changes in the relative volume of 


IT of treated NP rats and the significant reductions amongst the treated LP rats, compared with NPC-rat 


groups, may point to enhanced drug toxicity in LP rats. Previous studies98,99 had shown that alcohol, in 


association with protein deficiency, led to a profound reduction in bone mass and new bone formation98, as 


well as in brain development in mice99. Additionally, these changes were more pronounced in the LPEQ than 


in the LPE and LPQ rats, when compared with LPC rats, suggesting that the toxicity of EQ combination may 


be enhanced in LP rats. Also, the significant reductions ST, SE and IT, and increases in STL, IS parameters in 


LPEQ, compared with NPEQ rat groups, signify enhanced drug toxicity in LPEQ rats, and, thus, increased 


testicular lesions in this rat group.  


  


In conclusion, the effects of E and LP diets on body weight and gonadal weight are consistent in with earlier 


findings63,68.  Also, the individual effects of E, Q and a LP diets on the testis are in consonance with previous 


observations63,73,84,86.  However, the present report is the first study on the effects of Q in combination with E 


and protein malnutrition on the testis, body weights and relative gonadal weights.     The results clearly 


demonstrate that the individual toxicity of E and Q to testicular tissue is exacerbated in LP diets, and even 
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further by combined EQ administration. This study has shown that a positive interaction effect exists between 


protein malnutrition and combined consumption of E and Q. It further demonstrates that the interaction of 


these three factors, together, may be highly injurious to the gonads and, in particular, the testis. From our 


results, it may be inferred that increasing or decreasing levels of protein in the diet may modulate the testicular 


toxicity of E, Q or both. Thus, highly reduced protein levels in the diet will enhance the gonadal toxicity of these 


drugs, individually or, more especially, in combined or concurrent administration. Another interesting finding is 


that the toxic effects on the testis of E, Q or both combined develop gradually, irrespective of the dietary 


regimen. That is why the lesions due to the variables are recognizable only on long-term rather than short-term 


basis. The results of the morphometric measurements were in harmony with those of stereological evaluation, 


indicating a good positive correlation between both analytical methods, and, hence, the applicability of either 


method in morphometry and stereology.  Attention is therefore drawn to the lack of awareness of possible 


testicular/reproductive disturbances that may result in people who, for reasons of illness or otherwise, are 


exposed to the concurrent consumption of E and Q under a LP-dietary regimen. 
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CHAPTER 5   


 


5 CONCLUSION 


 


Haematological values were lower in LP than in NP-treated rats during all intervals of sacrifice. Ethanol or Q 


treatments generally depressed haematopoiesis and produced significant reductions in the values of some of 


the haematological parameters, viz RBC, Hb, PCV, MCV, MCH and platelets, irrespective of the dietary protein 


status. However, the reduction in these parameters due to Q was less in NP-treated rats. Ethanol-low protein 


treatment (LPE) caused significant elevations (P < 0.05) in MCHC values at all intervals of sacrifice except at 


30d. Ethanol and Q interactively enhanced haematopoiesis in NPEQ and LPEQ rat cohorts and caused 


general and significant increases in the values of some of the haematologic parameters. The greater increases 


in haematological values of NPEQ than in LPEQ-treated rats, suggests a modulating effect by nutritional status 


on the effects of these drugs – individually and in combination - on haematopoiesis. A significantly strong 


interaction (p < 0.05) was found between the drug effects, the sampling intervals and the dietary status. Total 


white blood cell count was significantly (p < 0.05) increased in the LPE and LPQ-treated rats. The variations in 


leukocyte counts were essentially caused by variations in neutrophil and lymphocyte numbers. The gradual 


increases in neutrophil and lymphocyte counts across the intervals in all treated groups reflect a stressful 


condition impacted upon the immune system.  


 


Ethanol and chloroquine independently and significantly (p < 0.05) reduced the TP, Alb and globulin (10d – 


30d) in rats placed on low protein diet compared to control rats. However, among the rats on low protein diet, 


the plasma proteins remained significantly (p < 0.05) lower throughout the 40 day treatment duration. Ethanol 


and chloroquine separately significantly (P < 0.05) increased the activity of the enzymes ALP and ALT in the 


plasma of the low dietary protein groups. When the two drugs were administered concurrently their effects 


were synergistically accentuated, albeit at a greater level in LP than in NP group. Urea concentrations also 


showed a similar trend. Plasma urea levels were generally higher in the rats fed normal protein diets than 


those on a low protein diet.  Creatinine was significantly (p<0.01) infra additively reduced by the concurrent 


administration of ethanol and chloroquine at both dietary levels of protein. It was concluded that chloroquine 
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had greater adverse effects than ethanol in rats placed on normal protein diet. Conversely, ethanol had more 


pronounced effects than chloroquine in rats placed on the low protein diet. The interactive adverse effects of 


the two drugs were generally ameliorated in rats placed on the normal protein diet but synergistic in rats 


placed on a low protein diet, as indicated by, loss in body weight, decrease in relative organ weights (heart, 


kidneys, liver, spleen, pancreas and enlarged adrenal glands), relative gonadal weights, the increased 


activities of ALP and ALT, amongst others, in all the treated groups, but especially in LPEQ-treated rats.  


 


The results also has shown that consumption of E, Q and their combination are toxic to male gonads, and 


especially, to the testis, irrespective of dietary protein levels. It was, however, discovered that the LPEQ-


treated rats recorded greater progressive reductions in seminiferous tubular diameter (STD) and epithelial 


height (SEH) (10d to 40d). The reduction at 40 days sacrifice in SEH (-36.77%) and STD (-24.20%) of LPEQ-


rats relative to the reductions in NPEQ-treated rats (-26.89% in SEH and -13.14% in STD) suggests greater 


testicular toxicity of combined E and Q administration with low protein diet.  


 


Furthermore, the adverse effects of the administration of these drug, individually, or concurrently, were 


revealed in the volume and dimensional changes recorded in all the treated rat groups. These changes were 


characterized by significant decreases in Leydig cell nuclear diameter (LCND), Sertoli cell nuclear diameter 


(SCND), area of seminiferous tubule (AST), area of Leydig cell nucleus (ALCN), area of Sertoli cell nucleus 


(ASCN) and area of spermatogonia nucleus (ASG), and increases in testicular capsule thickness (TCT), 


relative to the control groups. The microstereological evaluations also showed significant decreases in the 


volume proportions of seminiferous tubule (ST), seminiferous epithelium (SE), interstitial tissue and cells (IT), 


and increases in the relative volume of seminiferous tubular lumen (STL) and interstitial space (IS) of the 


treated rat groups (NPE, NPQ, NPEQ, LPE, LPQ, LPEQ), when compared with the control groups. These 


changes were greater in LP- than in NP – rat groups, and were significantly lower in LPEQ rat groups 


compared with other treated rat groups. Therefore, low protein diet increased the toxicity of ethanol and 


chroloquine in the testis and this toxicity was exacerbated in concurrent ethanol and chloroquine 


administration. The adverse effects of this treatment were found to develop gradually.  
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Generally, the results have shown that E, Q or both are toxic to haematopoitic, biochemical and 


spermatotogenic processes irrespective of diet regimen. Though, the present study was carried out in the rat, 


but the experimental protocol was designed to mimic or replicate the prevalent condition in malaria-endemic 


and impoverished regions of Third World communities, in which there is presence of E, Q or both in the human 


body, in a prevailing condition of protein deficient diet. However, the similarity in the structure and function 


(homology) between the body processes in the rat and human, justifies the use of the rat as a model in the 


experiment. Consequently, the obvious health implications revealed in the study, should advert the minds of 


clinicians to possibilities that are not unrelated to those observed in this study. It is also hoped that the results 


will provide better context to treatment regimens designed against malaria in Third World communities.   


 


 


 





