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ABSTRACT 5 

Aim: To investigate the potential importance of the association between alcohol consumption, 6 

diabetes andlipid homeostasisin the prefrontal cortex.  7 

Study Design: Twenty-four adult rats were randomly divided into four groups of six rats each 8 

viz; Group 1- Control, given rat pellets and water ad libitum; Group 2- Diabetic, diabetes was 9 

induced with a single dosage of 120mg/kg body weight followed by 50mg/kg body weight of 10 

alloxan weekly. Group 3- Diabetic and low alcohol intake (9% w/w). Group 4- Diabetic and high 11 

alcohol intake (20% w/w).  12 

Place and Duration of Study: This work was carried out in the Department of Anatomy; Olabisi 13 

Onabanjo University, Ago-Iwoye, Nigeria between February and April, 2012. 14 

Methodology:The skull was dissected and the brain removed and the prefrontal cortex excised, 15 

homogenized, centrifuged and the supernatant analyzed for lipid profile, AST and ALT. 16 

Results:Diabetes elevates the levels of ALT and AST significantly at P=0.05 when compared to 17 

the normal control group (67.33+/-0.15 versus 59.25+/-0.25 and 135.50±0.50 versus75.50+/-18 

0.50) respectively. The TG levelsincreasesignificantly at P=0.05 in the diabetic group compared 19 

to the normal control group (92.01+/-0.18 versus 72.62+/-0.52) whereas the total cholesterol and 20 

HDL levels decrease in the diabetic group when compared to normal control group (34.99+/-0.40 21 



versus 37.28+/-0.23 and 150.90+/-0.33 versus 103.29+/-0.23 respectively).  Concomitant alcohol 22 

intake lowered the levels of all parameters significantly at P=0.05.  23 

Conclusion: Our findings showed that, both low and high chronic alcohol intake in diabetes 24 

disturbed lipid homeostasis in the prefrontal cortex, probably by lowering ALT and AST levels 25 

or via the mechanism that suppresses the enzymes of lipid syntheses in the prefrontal cortex.  26 
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1.0 Introduction 28 

Numerous studies have demonstrated a J-shaped relationship between alcohol consumption and 29 

diabetes [1, 2]. Moderate consumption of alcohol is medically beneficial and socially acceptable 30 

[3], as moderate alcohol consumption also beneficially affects insulin sensitivity and glucose 31 

metabolism [4]. However, excessive consumption of alcohol leads to complex health problems, 32 

because alcohol may alter glycemic regulation and potentially aggravate the cardiovascular, 33 

neurological, and immunosuppressive changes in patients with diabetes mellitus. Because 34 

alcohol use, at least on a social level, is widespread among diabetics as well as non-diabetics, 35 

clinicians and researchers must understand effects of alcohol on the progression and 36 

complications of diabetes [5]. It is known that chronic alcoholics and type 2 diabetics show 37 

hyperlipidemia, characterized by hypertriglyceridemia and in a minor degree by 38 

hypercholesterolemia [6]. The most typical lipoprotein pattern in diabetes, also known as 39 

diabetic dyslipidemia or atherogenic dyslipidemia, consists of moderate elevation in triglyceride 40 

and low HDL cholesterol values, and increase in small dense LDL particles. This lipoprotein 41 

pattern is associated with insulin resistance and is present even before the onset of diabetes. LDL 42 

cholesterol levels in type 2 diabetic subjects are generally similar to those found in the general 43 

population. Small dense LDL particles are highly atherogenic because of their enhanced 44 



susceptibility to oxidative modification and increased uptake by the arterial wall [7].The 45 

mechanisms underlying the effect of ethanol and carbohydrates on plasma lipids seem to be 46 

different; therefore in diabetic subjects chronic alcohol consumption could produce a more 47 

severe hyperlipidemia and so accelerate atherosclerotic events [6]. There are limited reports on 48 

the effect of alcohol during diabetic condition with reference to total cholesterol, triglycerides, 49 

high density lipoprotein in brain tissue. Hence this study investigated the potential importance of 50 

the association between alcohol consumption, diabetes and lipid dys-homeostasisin the prefrontal 51 

cortex of the brain. 52 

2.0 Materials and Methods 53 

2.1 Experimental Animals 54 

 55 

Twenty-fourwistar rats, weighing (150-170gm) were used for this study. The animals were 56 

housed in clean plastic cages, well ventilated environment with temperature ranging between 24-57 

28ºC in 12 hours light and 12 hours dark cycle. The animals were given standard rat pellets and 58 

water ad libitum, and were allowed to acclimatize for four weeks before commencing the 59 

experimental protocols. The institutional committee on Animal Care and Use in Research, 60 

Education and Testing (ACURET) approval wasobtained and the animal experiments were 61 

conducted according to the NIH Guide on Laboratory Animals for Biomedical Research (NIH, 62 

1978) and ethical guidelines for investigation of experimental pain in conscious animals [8]. 63 

2.2 Experimental Design 64 

A total of twenty-four rats were randomly divided into four groups of six rats viz; 65 

Group 1- Control, given normal rat pellets ad libitum and water 66 

Group 2-Diabetic, diabetes was induced with multiple dosages of 120mg/kg body weight of 67 

alloxan for a start and subsequently 50mg/kg body weight weekly till the end of the experiment.  68 



Group3- Diabetic and low alcohol consumption, the rats in this group received multiple dosages 69 

of alloxan (as in group 2). After establishing diabetes, they were given 9% w/w alcohol daily. 70 

Group 4- Diabetic and high alcohol consumption, the rats received multiple dosages of alcohol 71 

(as in group 2), they were given 20% w/w alcohol. 72 

Fasting blood glucose level and body weight of the animals were monitored regularly throughout 73 

the duration of the experiment which lasted four weeks. 74 

2.3 Tissue sample preparation 75 

At the end of four weeks the rats were euthanized by administering 10g/kg body weight of 76 

pentobarbital. The rats were then dissected and the skull cut open and a portion of the prefrontal 77 

cortex excised homogenized and centrifuge at 3500rpm for 15minutes. The supernatant was 78 

collected for biochemical analyses. 79 

2.4 Biochemical Analyses 80 

Aspartate Aminotransferase-AST and Alanine Aminotransferase-ALT were both determined by 81 

the method of Reitman and Frankel, [9] using Randox Reagent Kits. Determination Triglycerides 82 

(GPO method) by Fossati et al. [10], Total Cholesterol by Allain et al. [11], High Density 83 

Lipoprotein (HDL) – Cholesterol (PTA) by Tietz [12]. 84 

 85 

2.5 Statistical Analysis 86 

Data were analysed by comparing values for different treatment groups with the values for 87 

individual controls. Results were expressed as mean ± SEM. The significant differences among 88 

values were analysed using SPSS version 19 at P-value = 0.05.  89 

 90 



 91 

 92 

3.0 Results 93 

3.1 Mean body weight in the experimental group 94 

The body weights of control group dropped initially and then increase steadily, while the diabetic group witnessed a 95 

consistent drop. Both high and low chronic alcohol intakes improve body weight in diabetic rats. (Figure 1) 96 

 97 

Figure 1: mean weight change in experimental groups (CON=Control; DIA=Diabetic; 98 

 DLA=Diabetic and Low Alcohol; DHA=Diabetes and High Alcohol)  99 

 100 

 101 
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 110 

 111 

3.2 Mean level of Triglycerides, total cholesterol and high density lipoprotein in the prefrontal cortex 112 

Both diabetes and alcohol lowered high density lipoprotein (HDL) total cholesterol significantly at (P= 0.05), while 113 

triglycerides level was significantly increased by diabetes. Alcohol intake exacerbates the effect of diabetes. (Figure 114 

2) 115 

 116 

Figure 2: lipid concentration in the prefrontal cortex of CON=Control; DIA=Diabetic; 117 

 DLA=Diabetic and Low Alcohol; DHA=Diabetes and High Alcohol  118 

 119 
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 125 

 126 

Diabetes increased significantly (P< 0.05) the level of triglycerides and significantly (P< 0.05) lowered the total 127 

cholesterol and high density lipoprotein in the prefrontal cortex; whileconcomitantalcohol intake lowered the 128 

levelsin all groups.. (Table 1) 129 

 130 

Table 1:Mean levels of triglycerides, cholesterol and high density lipoprotein in the prefrontal cortex 131 

GROUPS             TRIGLYCERIDES                         CHOLESTEROL           HIGH DENSITY LIPOPROTEIN 132 

Mean ± S.E        p-value          Mean ± S.E     p-value            Mean ± S.E        p-value                                        133 

CONTROL             72.62±0.52         0.002              37.28± 0.23          0.169
 x

  150.90± 0.33          0.008 134 

DIABETIC         92.01±0.18                                    34.99± 0.40                                  103.29± 0.26 135 

 136 

CONTROL   72.62±0.52         0.059              37.28± 0.23          0.003       150.90± 0.33         0.002 137 

DLA             65.14±0.43                                    19.10± 0.30                                     55.66± 0.27 138 

 139 

CONTROL      72.62±0.52             0.014             37.28± 0.23          0.006            150.90± 0.33          0.001 140 

DHA  67.53±0.22                                    25.56± 0.32                                    40.83± 0.30 141 

 142 

DIABETIC 92.01±0.18            0.015              34.99± 0.40          0.028            103.29± 0.26          0.003 143 

DLA  65.14±0.43                                    19.10± 0.30                                      55.66±0.27 144 

 145 

DIABETIC 92.01±0.18            0.001              34.99± 0.40          0.034            103.29± 0.26          0.008 146 

DHA                 67.53±0.22                                    24.56± 0.32                                     40.83± 0.30 147 

DLA                 65.14±0.43         0.152
 x

19.10± 0.30         0.018               55.66± 0.27          0.021 148 

DHA         67.53±0.22                                    25.56± 0.32                                    40.83± 0.30 149 

P value is significant at p=0.05     Not Significant=
 x

 150 

 151 

 152 

  153 



Diabetes increased significantly (P< 0.05) the levels ALT and AST while alcohol intake in diabetics lowered the 154 

level of ALT and AST significantly(P< 0.05) for both low and high intake. (Table 2) 155 

 156 

Table 2:Mean levels of Alanine aminotransferase (ALT) and Aspartate transaminase (AST) 157 

GROUP                           Alanine aminotransferase (ALT) Aspartate transaminase (AST) 158 

Mean ± S.E               p-value                               Mean ± S.E           p-value 159 

CONTROL                              59.25± 0.25             0.008                  75.50± 0.50          0.011 160 

DIABETIC                          67.33±0.15                                          135.50± 0.50 161 

 162 

CONTROL                               59.25±0.25              0.002                    75.50± 0.50         0.019 163 

DLA   24.48±0.28                                            73.85±1.35 164 

 165 

CONTROL                               59.25±0.25              0.005                    75.50± 0.50          0.006 166 

DHA   26.63±0.18                                            60.25±0.25 167 

 168 

DIABETIC                           67.33±0.15              0.001                  135.50±0.50        0.013 169 

DLA   24.48±0.28                                            73.85±1.35 170 

 171 

DIABETIC                           67.33±0.15              0.008                   135.50±0.50         0.010 172 

DHA   26.63±0.18                                            60.25±0.25   173 

DLA   24.48±0.28              0.133
 x

                  73.85±1.35           0.051 174 

DHA   26.63±0.18                                            60.25±0.25 175 

P value is significant at p=0.05                     Not Significant=
 x

 176 

 177 

 178 

 179 

 180 

 181 

 182 

 183 

 184 

 185 

 186 

 187 

 188 



4.0 Discussion 189 

Diabetes mellitus is characterized by hyperglycemia together with biochemical alterations of 190 

glucose and lipid peroxidation [13] [14]. The mechanisms underlying the effect of ethanol and 191 

carbohydrates on plasma lipids seem to be different. In the present study diabetes was 192 

characterized by significant hypertriglycerides and hypocholesterol in the prefrontal cortex while 193 

alcohol ingestion in diabetic rats significantly lowered brain tissue triglycerides and cholesterol.  194 

In hyperglycemic states, there will be intracellular glycogen accumulation in the hepatocytes due 195 

to increased glycogen synthesis, causing typical biochemical findings of mild to moderately 196 

elevated aminotransferases as reported in this study by the significant elevation in the levels of 197 

ALT and AST in diabetic rats due to tissue compromise and increased physiological needs. ALT, 198 

produced mainly in the liver, catalyzes the transfer of amino groups between L-alanine and 199 

glutamate to meet physiological needs. AST catalyzes the transfer of amino and keto groups 200 

between alpha-amino acids and alpha-keto acids thereby acquiring the term transferase [15]. 201 

Alcohol seems to not only reverse this effect but lower the levels below the control level 202 

probably by immuno-depletion of ALT1 which decreases majority of the serum ALT activity in 203 

healthy humans [16].  204 

The finding of hypertriglyceridemia in the diabetic group is consistent with the previous reports 205 

[17,18,19].The increase could be due to the increase in lipid peroxidation, a free radical-related 206 

process which is an uncontrolled, self-enhancing process causing disruption of membranes, 207 

lipids and other cell components. Unlimited lipid peroxidation (LP) could be one of the main 208 

factors in the pathogenesis of diabetic complications. This pathology is often related to the 209 

release of free radicals which cause oxidative stress [20]. During reoxygenation, hypoxantine-210 

xantine oxidase and arachidonic acid pathways are important sources of free oxygen radicals, 211 



which damage lipid membranes, and lead to cytolysis and cell death [21]. Accumulation of lipids 212 

in diabetes is mediated through a variety of derangements in metabolic and regulatory processes, 213 

especially insulin deficiency, thereby rendering the diabetic patient more prone to 214 

hypertriglyceridemia.  215 

Our results also showed that the total cholesterol level was significantly decreased in the 216 

prefrontal cortex. The brain being the most cholesterol-rich organ in the body, most of which 217 

comes from in situ synthesis [22]. Brain cholesterol turnover is increased in Alzheimer’s and 218 

other neurodegenerative diseases, and has been suggested to play a role in pathogenesis of these 219 

disorders [23]. Diabetes mellitus is associated with a variety of neurologic and cerebral 220 

complications, including cognitive dysfunction, depression, and increased risk of Alzheimer’s 221 

disease [24, 25, and 26]. The hypocholesterolemia reported in this study could be explained by 222 

the high insulin levels caused by diabetes which impair insulin signaling in the brain and affect 223 

lipid metabolism [27]. It is also characterized by decreased sensitivity and resistance to insulin 224 

[28].Previous report indicates that chronic alcohol abuse causes a Type 2 diabetes effect in 225 

certain brain regions. Investigations on human tissue show that high levels of chronic alcohol 226 

consumption lowers the levels of genes needed to respond to insulin and insulin growth factor 227 

(IGF) resulting in brain damage[28]. Apart from effects on lipid metabolism, haemostatic 228 

balance and blood pressure, alcohol improves insulin sensitivity. This improvement of insulin 229 

sensitivity may also be responsible for the lower incidence of type 2 diabetes mellitus reported to 230 

be associated with light-to-moderate drinking [29]. Ethanol-induced perturbations in membrane 231 

lipid composition contribute to insulin/IGF resistance in brain. One possible explanation is that, 232 

besides cholesterol, ethanol depletes a variety of membrane lipids [30]. In this study, diabetes 233 

and alcohol seemed to have a common pathway for the down regulation lipid biosynthesis 234 



pathway in the prefrontal cortex of treated rats. These have been associated with a change in 235 

gene expression which leads to a decrease in cholesterol synthesis in brain and a decrease in 236 

cholesterol content in synaptosomal membranes. Mimicking the reduction in cholesterologenic 237 

genes in cultured neurons by knockdown of SREBP-2 results in reduced markers of synapse 238 

formation, and knockdown of SREBP-2 in the hypothalamus in vivo causes altered feeding 239 

behavior and dysregulation of counter insulin hormones [31]. Over the past decade there have 240 

been important advances in defining the mechanisms that cells use to regulate cholesterol levels 241 

and lipid metabolism [32], includinga strong feedback system in which cholesterol and sterol 242 

intermediates regulate the activation of the SREBP family of transcription factors. While it is 243 

likely that this feedback system is active in brain, there is a failure to compensate for reduced 244 

cholesterol synthesis and reduced synaptosomal cholesterol with up-regulation of 245 

cholesterologenic genes in diabetes. This might be due to morphological complexity of neurons 246 

and astrocytes that have long processes spatially distant from the endoplasmic reticulum, where 247 

SREBP cleavage-activating protein (SCAP) works as a sensor, or might represent a fundamental 248 

difference in regulation of cholesterol synthesis in brain and liver[33]. 249 

 250 

 251 

CONCLUSION 252 

Our findings showed that, both low and high chronic alcohol intake in diabetes lead to lipid 253 

dyshomeostasisin the prefrontal cortex, probably by lowering ALT and AST levels or via the 254 

mechanism that suppresses the enzymes of lipid syntheses in the prefrontal cortex, leading to 255 

reduction in synaptosomal membrane cholesterol, and altered neuronal and physiological 256 

function. 257 
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