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Research Paper

ALCOHOL INDUCED LIPID DYSHOMEOSTASISIN

THE PREFRONTAL CORTEX OF DIABETIC RATS

ABSTRACT

Aim: To investigate the potential importance of theoamsgion between alcohol consumption,
diabetes andlipid homeostasisin the prefrontalecort

Study Design: Twenty-four adult rats were randomly divided ifitmr groups of six rats each
viz; Group 1- Control, given rat pellets and waddrlibitum; Group 2- Diabetic, diabetes was
induced with a single dosage of 120mg/kg body wefghowed by 50mg/kg body weight of
alloxan weekly. Group 3- Diabetic and low alcohdbke (9% w/w). Group 4- Diabetic and high
alcohol intake (20% wi/w).

Place and Duration of Study: This work was caroetlin the Department of Anatomy; Olabisi
Onabanjo University, Ago-lwoye, Nigeria between feeloy and April, 2012.

Methodology: The skull was dissected and the brain removed laagbtefrontal cortex excised,
homogenized, centrifuged and the supernatant aedlfgr lipid profile, AST and ALT.
Results:Diabetes elevates the levels of ALT and AST sigatfitly at P=0.05 when compared to
the normal control group (67.33+/-0.1®rsus59.25+/-0.25 and 135.50£0.5@rsug5.50+/-
0.50) respectively. The TG levelsincreasesignifiaat P=0.05 in the diabetic group compared
to the normal control group (92.01+/-0.18 versu$22/-0.52) whereas the total cholesterol and

HDL levels decrease in the diabetic group when aregbto normal control group (34.99+/-0.40
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versus37.28+/-0.23 and 150.90+/-0.88rsus103.29+/-0.23 respectively)Concomitanalcohol
intake lowered the levels of all parameters sigatiifitly atP=0.05.

Conclusion: Our findings showed that, both low and high checoaicohol intake in diabetes
disturbed lipid homeostasis in the prefrontal carf@obably by lowering ALT and AST levels
or via the mechanism that suppresses the enzynmigsdo$yntheses in the prefrontal cortex.

Keywords. Diabetes; Alcohol; Lipids; Prefrontal cortex
1.0 Introduction

Numerous studies have demonstrated a J-shapemslap between alcohol consumption and
diabetes [1, 2]. Moderate consumption of alcohehedically beneficial and socially acceptable
[3], as moderate alcohol consumption also bendfjcetfects insulin sensitivity and glucose
metabolism [4]. However, excessive consumptionlodlel leads to complex health problems,
because alcohol may alter glycemic regulation aatkrgially aggravate the cardiovascular,
neurological, and immunosuppressive changes inemati with diabetes mellitus. Because
alcohol use, at least on a social level, is widesgramong diabetics as well as non-diabetics,
clinicians and researchers must understand effeftsalcohol on the progression and
complications of diabetes [5]. It is known that ahic alcoholics and type 2 diabetics show
hyperlipidemia, characterized by hypertriglycerid@mand in a minor degree by
hypercholesterolemia [6]. The most typical lipopiot pattern in diabetes, also known as
diabetic dyslipidemia or atherogenic dyslipidengansists of moderate elevation in triglyceride
and low HDL cholesterol values, and increase inlsgense LDL particles. This lipoprotein
pattern is associated with insulin resistance amtesent even before the onset of diabetes. LDL
cholesterol levels in type 2 diabetic subjects geperally similar to those found in the general

population. Small dense LDL particles are highlyeabgenic because of their enhanced
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susceptibility to oxidative modification and incseal uptake by the arterial wall [7].The

mechanisms underlying the effect of ethanol andalaydrates on plasma lipids seem to be
different; therefore in diabetic subjects chronlcohol consumption could produce a more
severe hyperlipidemia and so accelerate atherasicdezvents [6]. There are limited reports on
the effect of alcohol during diabetic condition hviteference to total cholesterol, triglycerides,
high density lipoprotein in brain tissue. Hences thiudy investigated the potential importance of
the association between alcohol consumption, désteed lipid dys-homeostasisin the prefrontal

cortex of the brain.

2.0 Materialsand Methods

2.1 Experimental Animals

Twenty-fourwistar rats, weighing (150-170gm) werged for this study. The animals were
housed in clean plastic cages, well ventilatedremvnent with temperature ranging between 24-
28°C in 12 hours light and 12 hours dark cycle. @henals were given standard rat pellets and
water ad libitum, and were allowed to acclimatize for four weekdobe commencing the
experimental protocols. The institutional committee Animal Care and Use in Research,
Education and Testing (ACURET) approval wasinedand the animal experiments were
conducted according to the NIH Guide on Laborathmmals for Biomedical Research (NIH,

1978) and ethical guidelines for investigation xperimental pain in conscious animals [8].

2.2 Experimental Design

A total of twenty-four rats were randomly divideda four groups of six rats viz;

Group 1- Control, given normal rat pellegsl libitum and water

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

alloxan for a start and subsequently 50mg/kg boeigkt weekly till the end of the experiment.
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Group3- Diabetic and low alcohol consumption, the ratghis group received multiple dosages
of alloxan (as in group 2). After establishing ditds, they were given 9% w/w alcohol daily.
Group 4- Diabetic and high alcohol consumption, the rat®ineed multiple dosages of alcohol

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

Fasting blood glucose level and body weight ofahenals were monitored regularly throughout

the duration of the experiment which lasted foueks
2.3 Tissue sample preparation

At the end of four weeks the rats were euthanizgdadministering 10g/kg body weight of
pentobarbital. The rats were then dissected andkhk cut open and a portion of the prefrontal
cortex excised homogenized and centrifuge at 3%00igr 15minutes. The supernatant was

collected for biochemical analyses.

2.4 Biochemical Analyses

Aspartate Aminotransferase-AST and Alanine Aminugfarase-ALT were both determined by
the method of Reitman and Frankel, [9] using Rardeagent Kits. Determination Triglycerides
(GPO method) by Fossati et al. [10], Total Choledtey Allain et al. [11], High Density

Lipoprotein (HDL) — Cholesterol (PTA) by Tietz [12]

2.5 Statistical Analysis
Data were analysed by comparing values for diffetesatment groups with the values for
individual controls. Results were expressed as rte8&EM. The significant differences among

values were analysed using SPSS version Pvatue = 0.05.
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3.0 Resaults

3.1 Mean body weight in the experimental group
The body weights of control group dropped initisdlyd then increase steadily, while the diabetiugneitnessed a

consistent drop. Both high and low chronic alcahtdkes improve body weight in diabetic rats. (Fegf)

Figure 1: mean weight change in experimental groups (CON#©Y DIA=Diabetic;

DLA=Diabetic and Low Alcohol; DHA=Diabetes and Hiig\lcohol)
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112 3.2Mean level of Triglycerides, total cholester ol and high density lipoprotein in the prefrontal cortex

113 Both diabetes and alcohol lowered high densitydiptein (HDL) total cholesterol significantly at£m®.05), while
114  triglycerides level was significantly increaseddigbetes. Alcohol intake exacerbates the effedialietes. (Figure
115  2)

116

117 Figure 2: lipid concentration in the prefrontal cortex of 8€Control; DIA=Diabetic;

118 DLA=Diabetic and Low Alcohol; DHA=Diabetes and Hiig\lcohol
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Diabetes increased significantly (P< 0.05) the llefetriglycerides and significantly (P< 0.05) loreel the total
cholesterol and high density lipoprotein in the frmetal cortex; whileoncomitarélcohol intake lowered the

levelsin all groups.. (Table 1)

Table 1:Mean levels of triglycerides, cholesterol and higimsity lipoprotein in the prefrontal cortex

GROUPS TRIGLYCERIDES CHOLESTEROL HIGH DENSITY LIPOPROTEIN
Mean £ S.E p-value Mean £ S.E  p-value Mean + S.E p-value
X

CONTROL 72.6210.52 0.002 37.28£0.23 0.169 150.90+ 0.33 0.008
DIABETIC 92.011£0.18 34.991£ 0.40 103.29+ 0.26
CONTROL 72.6210.52 0.059 37.28+0.23 0.003 150.90+ 0.33 0.002
DLA 65.14+0.43 19.10+ 0.30 55.66% 0.27
CONTROL 72.6210.52 0.014 37.28£0.23 0.006 150.90£ 0.33 0.001
DHA 67.5310.22 25.56+£0.32 40.83+£0.30
DIABETIC 92.01+0.18 0.015 34.99+ 0.40 0.028 103.29+£ 0.26 0.003
DLA 65.14+0.43 19.10+ 0.30 55.6610.27
DIABETIC 92.01+0.18 0.001 34.99+0.40 0.034 103.29+ 0.26 0.008
DHA 67.531£0.22 24.56% 0.32 40.83+£0.30

X
DLA 65.14+0.43 0.152 19.10+0.30 0.018 55.66% 0.27 0.021
DHA 67.5310.22 25.56%£0.32 40.83+0.30

P valueissignificant at p=0.05 Not Significant= X
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Diabetes increased significantly (P< 0.05) the leveLT and AST while alcohol intake in diabeticsMered the

level of ALT and AST significantly(P< 0.05)r bothlow and high intake. (Table 2)

Table 2:Mean levels of Alanine aminotransferase (ALT) argpértate transaminase (AST)

GROUP Alanine aminotransferase (ALT) Aspartate transasgn@ST)
Mean + S.E p-value Mean + S.E p-value
CONTROL 59.25+0.25 0.008 75.50+ 0.50 0.011
DIABETIC 67.33+0.15 135.50% 0.50
CONTROL 59.25+0.25 0.002 75.50+ 0.50 0.019
DLA 24.48+0.28 73.85£1.35
CONTROL 59.25+0.25 0.005 75.50+ 0.50 0.006
DHA 26.63+0.18 60.25+0.25
DIABETIC 67.33+0.15 0.001 135.50+0.50 0.013
DLA 24.48+0.28 73.85£1.35
DIABETIC 67.33+0.15 0.008 135.50+0.50 0.010
DHA 26.63+0.18 60.25+0.25

X
DLA 24.48+0.28 0.133 73.85£1.35 0.051
DHA 26.63+0.18 60.25+0.25
P valueissignificant at p=0.05 Not Significant=
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4.0 Discussion

Diabetes mellitus is characterized by hyperglycetogether with biochemical alterations of
glucose and lipid peroxidation [13] [14]. The megisans underlying the effect of ethanol and
carbohydrates on plasma lipids seem to be differémtthe present study diabetes was
characterized by significant hypertriglycerides &ygocholesterol in the prefrontal cortex while
alcohol ingestion in diabetic rats significantlyered brain tissue triglycerides and cholesterol.
In hyperglycemic states, there will be intraceliugycogen accumulation in the hepatocytes due
to increased glycogen synthesis, causing typicath@mical findings of mild to moderately
elevated aminotransferases as reported in thiy studhe significant elevation in the levels of
ALT and AST in diabetic rats due to tissue compiserand increased physiological needs. ALT,
produced mainly in the liver, catalyzes the trangfe amino groups between L-alanine and
glutamate to meet physiological needs. AST catalythe transfer of amino and keto groups
between alpha-amino acids and alpha-keto acideligeacquiring the term transferase [15].
Alcohol seems to not only reverse this effect wdr the levels below the control level
probably by immuno-depletion of ALT1 which decreaseajority of the serum ALT activity in
healthy humans [16].

The finding of hypertriglyceridemia in the diabegooup is consistent with the previous reports
[17,18,19].The increase could be due to the ineréadipid peroxidation, a free radical-related
process which is an uncontrolled, self-enhancingcgss causing disruption of membranes,
lipids and other cell components. Unlimited lipidrpxidation (LP) could be one of the main
factors in the pathogenesis of diabetic complicetioThis pathology is often related to the
release of free radicals which cause oxidativesstf&0]. During reoxygenation, hypoxantine-

xantine oxidase and arachidonic acid pathways rapoitant sources of free oxygen radicals,
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which damage lipid membranes, and lead to cytolsdacell death [21]. Accumulation of lipids
in diabetes is mediated through a variety of dezarents in metabolic and regulatory processes,
especially insulin deficiency, thereby renderinge tidiabetic patient more prone to
hypertriglyceridemia.

Our results also showed that the total cholestereél was significantly decreased in the
prefrontal cortex. The brain being the most cheledtrich organ in the body, most of which
comes from in situ synthesis [22]. Brain choledtévonover is increased in Alzheimer’s and
other neurodegenerative diseases, and has beeessedgo play a role in pathogenesis of these
disorders [23]. Diabetes mellitus is associatedhwat variety of neurologic and cerebral
complications, including cognitive dysfunction, degsion, and increased risk of Alzheimer’s
disease [24, 25, and 26]. The hypocholesteroleaparted in this study could be explained by
the high insulin levels caused by diabetes whicpaminsulin signaling in the brain and affect
lipid metabolism [27]. It is also characterized dgcreased sensitivity and resistance to insulin
[28].Previous report indicates that chronic alcohblse causes a Type 2 diabetes effect in
certain brain regions. Investigations on humarugsshow that high levels of chronic alcohol
consumption lowers the levels of genes neededsporal to insulin and insulin growth factor
(IGF) resulting in brain damage[28]. Apart from exfts on lipid metabolism, haemostatic
balance and blood pressure, alcohol improves msénsitivity. This improvement of insulin
sensitivity may also be responsible for the loweidence of type 2 diabetes mellitus reported to
be associated with light-to-moderate drinking [Z2Bfhanol-induced perturbations in membrane
lipid composition contribute to insulin/IGF resista in brain. One possible explanation is that,
besides cholesterol, ethanol depletes a varietyehbrane lipids [30]. In this study, diabetes

and alcohol seemed to have a common pathway fordtlven regulation lipid biosynthesis
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pathway in the prefrontal cortex of treated ratse§e have been associated with a change in
gene expression which leads to a decrease in ¢tbaesynthesis in brain and a decrease in
cholesterol content in synaptosomal membranes. dkimg the reduction in cholesterologenic
genes in cultured neurons by knockdown of SREBIs2ts in reduced markers of synapse
formation, and knockdown of SREBP-2 in the hypahals in vivo causes altered feeding
behavior and dysregulation of counter insulin hanes[31] Over the past decade there have
been important advances in defining the mechanthlatscells use to regulate cholesterol levels
and lipid metabolism [32], includinga strong feedbaystem in which cholesterol and sterol
intermediates regulate the activation of the SRE®BRIly of transcription factors. While it is
likely that this feedback system is active in byahere is a failure to compensate for reduced
cholesterol synthesis and reduced synaptosomal estieobl with up-regulation of
cholesterologenic genes in diabetes. This mighdu®eto morphological complexity of neurons
and astrocytes that have long processes spatialigntl from the endoplasmic reticulum, where
SREBP cleavage-activating protein (SCAP) works asresor, or might represent a fundamental

difference in regulation of cholesterol synthesidiain and liver[33].

CONCLUSION

Our findings showed that, both low and high chroalicohol intake in diabetes lead to lipid
dyshomeostasisin the prefrontal cortex, probablydwering ALT and AST levels or via the

mechanism that suppresses the enzymes of lipichaeyas in the prefrontal cortex, leading to
reduction in synaptosomal membrane cholesterol, albeked neuronal and physiological

function.
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