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Abstract

In recent times the use of high fat ketogenic diet as a treatment strategy in some diseases and weight control has been on
the increase. This study aims to elucidate the effect of high fat ketogenic diet on some renal and liver parameters. Forty
albino rats were used and divided into four groups. Group A was control; B, C, and D were fed with diets including
butter, coconut oil and olive oil respectively for eight weeks. Urine and serum samples were assayed
spectrophotometrically. There was a significant difference in urinary albumin (0.13+0.01g/dl) of group D when
compared with control (0.22 + 0.03g/dl). Urinary creatinine concentrations of group D (4.32+0.70mg/dl) was higher
than group C (1.75+£0.46 mg/dl). Urea of group B (39.40+4.70 mg/dl), group C (29.90+1.46 mg/dl) and group D
(40.20+2.62mg/dl) were lower than control group (64.204£3.41mg/dl). Serum creatinine concentrations of group B
(1.05%0.09mg/dl), group C (0.85+0.07Img/dl) and group D (1.03+0.07 mg/dl) were reduced significantly. Albumin:
creatinine ratio of group A (120.6+32.04) was higher than that of group D (41.3148.28). AST (260.1+17.80) was higher
in group C compared with A (160.1= 9.510). ALT for D (91.20+18.70), group A (36.00+£3.84), serum albumin
concentrations of group D (3.590+0.1286), group C (3.590+0.1286) and group A (4.100+0.1814). Total protein
concentration of group C (5.390+£0.2105), D (5.280+ 0.1104) and group A (6.190+0.2496g). Body weight of
experimental groups reduced while the control groups increased. This study has confirmed that high fat ketogenic diet
can be used for weight management however it could be harmful to the liver but did not show any harmful effects on
the kidneys.
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1. Introduction

The use of LCHF ketogenic diet dates back to over 90 years, when the diet was used in the treatment of refractory
epilepsy (Wilder, 1921). The name ketogenic diet arose from the fact that intake of this diet resulted in the production of
ketone bodies which serves as an alternative source of energy to the brain. In recent time, ketogenic diet have also been
employed in weight management, this is based on the hypothesis that energy from the diet when used up for energy
would result in calories waste, thus supporting weight loss (Feinman & Fine,2007, Halton & Hu 2004). Outside its use
in weight control, the use of high fat ketogenic diet have been shown to be effective in type 11 diabetes mellitus
management as well as in the management of renal impairment (Michal et al., 2011). Tonna et al., (2010) reported the
ability of high fat ketogenic diet to reverse diabetic nephropathy. One hypothesis is that the use of energy from proteins in
ketogenic diet is an expensive process for the body and so leads to a waste of calories, therefore increasing weight loss
(Feinman and Fine,2007;Fine and Feinman,2004;Halton and Hu,2004) and it’s a remedy for obesity, a major problem
affecting up to 30% of the adult population (Kramer and Luke, 2007), with complications including type 2 diabetes
mellitus and renal function impairment (Michal et al., 2011). Stereotypical results have proven that the numerical density
of glomerulus and total number of glomeruli in rats fed the high fat ketogenic diet for a prolonged period of time was
significantly decreased, indicating glomerular atrophy (Altakunak et al., 2008;). In another study, the ketogenic diet was
proven to reverse diabetic nephropathy (Tonna et al., 2010) by producing prolonged exposure to the ketone
3-beta-hydroxybutyric acid (3-OHB), which blocks the inhibition of agouti-related peptide by glucose (Poplawski et al.,
2011; Bailey et al., 2005). The diet reversed blood glucose to normal in akita mice (Susztak et al., 2006) as indicated by
urinary albumin/creatinine ratios, and in patients with type 2 diabetes mellitus it greatly improved fasting glucose levels
(Gannon and Nuttall, 2004) and increased insulin sensitivity (Samaha et al., 2003), thereby alleviating glycosuria and
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reversing kidney damage due to excessive glucose excretion. The ketogenic diet halted the progression of renal
insufficiency in patients with chronic renal failure, as accessed by serial determination of creatinine levels.

Liver disease have in the past being linked to high consumption of alcohol resulting in alcoholic liver disease, in recent
times, a new type of liver disease known as the nonalcoholic fatty liver disease (NAFLD) has been associated to unhealthy
diet, resulting in gradual accumulation of fat in the liver. In fact; some school of thoughts feels that high carb diets and not
high fat diets results in NAFLD. They attributed it to the synthesis of fat from de novo lipogenesis, (ie the liver creating fat
from excess carbohydrate and protein).

There are controversies as to the impact of high fat ketogenic diet on liver functions, while some studies have reported that
this diet can impact negatively on the kidney, others have reported otherwise. Arslan et al., (2016) observed high levels of
Aspartate Transaminases (AST) & Alanine Transaminases (ALT) after two months intake of the diet. Hepatic steatosis in
both short- and long- term intake of the diet was observed in mice fed with this diet (Ellenbrok, 2014). In a meta- analysis
study carried out by Fahimeh et al., (2014), they concluded that intake of LCD improves liver fat contents but not serum
enzymes.

Information on the relationship between ketogenic diets and the type of fat used are limited, in ketogenic diet the
consumption of both saturated and unsaturated fats is encouraged. The consumption of saturated fat is generally
considered a risk factor for dyslipidemia, which in turn is a risk factor for some types of cardiovascular disease (Canon et
al., 2006). Abnormal blood lipid levels, that is high in total cholesterol, high levels of triglycerides, high levels
of low-density lipoprotein (bad cholesterol) or low levels of high density lipoprotein (Good cholesterol), are all
associated with increased risk of heart disease and stroke. Many health authorities such as the America Diabetic
Association (Kris-Etherton and Innis, 2007), the British Diabetic Association, America Heart Association (Sacks et al.,
2017), the World Heart Federation, the British National Health Service, among others, advise that saturated fat is a risk
factor for cardiovascular diseases. The World Health Organization in May 2015 recommends switching from saturated to
unsaturated fats. A limited number of systematic reviews have examined the relationship between saturated fat and
cardiovascular diseases and have come to different conclusions. A 2015 systematic review found no association between
saturated fat consumption and risk of heart disease, stroke, diabetes, or death. There are no enough literatures on the effect
of the type of fat used in the preparation of ketogenic diets on biochemical parameters, most of the available literatures
emphasis more on the effects of the diet on biochemical parameters without looking at the nature of fat used in preparing
the diet, it is therefore the aim of this study to look at the effect of three different fats type ketogenic diets and ascertain if
the type of fats used in the preparation of the diet has any significant effect on liver and renal function of Wistar albino
rats.

2. Methods
2.1 Experimental Design

Forty (40) albino Wistar rats of either sex were used for this study. They were weighed on arrival and acclimatized for two
weeks. At the end of acclimatization, the rats were divided into four groups of 10 each; Group A (10) was the control
group fed normal rat chow, while Group B (10), Group C (10), Group D (10) were experimental groups fed with 65%
ketogenic diet made with butter, coconut oil and olive oil respectively. They were fed with these diets for a period of eight
weeks (2 months) and were allowed free access to feeds and water during the duration of the experiment.

2.2 Diet Formulation

The experimental groups were fed 65% ketogenic diets made of butter, coconut oil and olive oil along with the other
constituents of the diets for a period of eight (8) weeks, Percentage Composition of Experimental Diet

CONSTITUENTS CONTROL EXPERIMENTAL EXPERIMENTAL EXPERIMENTAL
(A) GROUP (B) GROUP (C) GROUP (D)

COCONUT FLOUR - 15g 15¢ 15g

MAIZE 70g - - -

PALM OIL 10g - - -

BUTTER - 65g - -

COCONUT OIL - - 65g -

OLIVE OIL - - - 65¢g

FISH MEAL 15¢g 15¢g 15g 15g

BONE MEAL 2g 2g 2g 2g

LIMESTONE 1g g g Ig

SALT 0.5g 0.5g 0.5g 0.5g

VIT-MIN PREMIX 0.5g 0.5g 0.5g 0,5g

LYSINE 0.3g 0.3g 0.3g 0.3g

MET & CYS 0.3g 0.3g 0.3g 0.3g
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2.3 Collection of Samples

After two weeks of feeding the rats with the diets, 24-hour urine samples were collected using metabolic cages and the rats
were ascertained to be in ketosis using a urinalysis test strip. At the end of two months they were weighed and put in
metabolic cages, 24-hour urine samples were again collected into universal containers. The rats were put to sleep using
chloroform in a closed chamber and fasted blood samples were collected from the abdominal aorta and then the heart into
plain test tubes. The blood was allowed to clot and the clot was dislodged, spun on a centrifuge to get the serum which was
used for the analysis.

2.4 Determination of Biochemical Parameters

Creatinine: This was assayed by two-point’s kinetic-using the modified Jaffe increasing reaction proposed by Bartels and
Bolumer (1972). Serum urea was determined by Berthelot method (Newman and Price, 1999). Urinary microalbumin was
determined by method described by feldi-Rasmussen et al., (1985). Aspartate amino transferase and Alanine amino
transferase were estimated using the Colorimetric Method of Reithman and Frankel (1975).

2.5 Statistical Analysis

Data is presented in mean + standard error of mean (SEM). Analysis of variance (ANOVA) was used to compare in
between groups, while turkey test was considered the post-hoc test. P< 0.05 was considered as the statistical significance.

E3A initial weight
300- * EE8 final weight

Body weight (g)

Figure 1. Effect of different ketogenic diet made of butter, coconut oil, and olive oil on the rat body weight
3. Results

Table 1. mean values of urine and blood renal parameters in rats fed with 65% high fats ketogenic diets

Parameters Control Butter Coconut oil Olive oil
Urine albumin (g/dl) 0.22+£0.03 0.19+£0.02 0.15+£0.02 0.13£0.01%*2
Urine creatinine (mg/dl) | 3.84 +1.02 3.84 +0.90 1.75 +0.46 4.31+0.70°
Serum urea (g/dl) 64.20+3.41 | 39.40+4.70% | 29.90 + 1.46* | 40.20 + 2.62*"

Serum creatinine (mg/dl) | 1.42 +0.04 1.05+0.09% | 0.85+0.07* | 1.03+£0.07*
Albumin-creatinine ratio | 120.6 £32.04 | 94.64 £23.03 | 174.7 £ 61.82 | 41.31 + 8.28*a®

*P < 0.05 indicates significant difference at the different diets compared with the control.

aP < 0.05 indicates significant difference when coconut oil or olive oil ketogenic fed rats are compared with butter
ketogenic fed rats.

P < 0.05 indicates significant difference when coconut oil ketogenic fed rats are compared with olive oil ketogenic fed
rats
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Table 2. Mean values of some liver functions markers of rats fed with 65% high fats ketogenic diets

Parameters Control Butter Olive Qil Coconut Qil
AST (U/) 160.1 +£9.510 143.4 +8.218 196.1 +3.926 260.1 +17.80*
ALP (U) 9.900 +£0.7371 24.90 +£2.536* 23.00 +£2.591* 21.80 +£3.422*
ALT (U/l) 36.00 +3.884 40.10 £2.173 50.30 +2.996 91.20 +18.70*
ALBUMIN (g/dl) 4,100 +0.1814 3.590 #).1286* 3.300 £0.1085* | 3.390 +0.0862*
GLOBULIN(g/dlI) 2.160 +0.1097 1.870 £0.1193 2.180 +0.08138 1.960 +0.1352
TOTAL PROTEIN | 6.190 £0.2496 5.320 +£0.12818* | 5.390 +0.2105* | 5.280 +0.1104*
(g/dl)

*P< 0.05 indicates significant difference between groups
4. Discussion

In this current study, we looked at the effect of three fat (coconut oil, olive oil and butter) types’ ketogenic diets on liver
and renal parameters in wistar rats for a period of two months. We observed a significant increase in AST and ALT
levels only in coconut oil based diet when compared with control, while there was a significant increase in ALP levels
of all three ketogenic diets (olive oil, butter and coconut oil), when compared with control. Albumin levels were also
significantly reduced in the ketogenic fed groups when compared with control, there was however no significant change
in globulin levels, total protein levels reduced significantly only in the olive oil and coconut oil based diets. Previous
studies have shown that intake of ketogenic diet have long and short term effects, dyslipidemia, kidney stones,
carnithine deficiency are some of the long term effects (Cervenka et al., 2016). Kang et al., (2004) and Arslan et.al
(2016), have reported an alteration in serum levels of liver enzymes following intake of ketogenic diet, Arslan et al., in
their study observed an increase in ALT and AST in 2 out of every 3 rats after intake of ketogenic diet, their findings is
similar to our observation in this current study as AST and ALT levels of rats in this study increased significantly when
compared with control. In another study by Henrietta and Olumese (2010), they reported increased levels of AST and
ALT in rats fed ketogenic diet, this is also in agreement with our findings, where we observed significant increase in
ALP in all the ketogenic fed groups while AST and ALT increased only in rats fed the coconut based diet. ALP is a
sensitive detector for early intra hepatic and extra hepatic bile obstruction, the presence of infiltrative disease of the
liver and all bone diseases associated with osteoblastic activities, (Friedman et al., 2003). Albumin levels significantly
decreased in ketogenic groups compared with control, the liver is the only site for albumin synthesis hence anything that
affect the liver will affect its synthesis (Marjolain et al., 2008). This finding also is in agreement with that of Henrietta
and Olumese (2010), but disagree with the observations of Imafidon and Okunrobo, (2012), who reported a significant
increase in levels of albumin and total protein after intake of ketogenic diet. The varying effects the different diets have
on the various parameters can be attributed to the fact that different types of fats were used to constitute the diets and
since they contain different fatty acids making some more ketogenic than others. Coconut oil is a medium chain fatty
acid which contains 50% of Lauric acid which easily enters the mitochondria independently of carnithine transport
system and therefore easily transfers into the mitochondria. One mechanism that has been attributed to liver disease is
depletion of carnitine, an amino acid derivative that is responsible for the transport of long chain fatty acids (LCFA) to
the mitochondria (Lheureux, & Hantson, 2009). The fact that coconut oil bypasses the carnitine pathway thus getting to
the mitochondria faster than the other fatty acids could be responsible for its fast effects observed in this study.

Findings from this study did not show any significant increase in renal parameters in rats fed with ketogenic diets,
rather the diets were observed to improve renal parameters (serum creatinine, urinary albumin and urea) when
compared with control. However, when the different ketogenic diets (KD) (butter, coconut oil and olive oil) were
compared between each other, there were significant differences between groups but the values were within the control
values. These results have further buttressed the fact that high fat ketogenic diet does not affect the kidney as seen in the
creatinine and urinary albumin values which were lower in the ketogenic groups when compared with control (Allen
2002). This is in agreement with reports of researchers from Mount Sinai School of Medicine who observed in their
study that intake of high fat ketogenic diet could reverse impaired kidney function in type 1& 2 diabetic subjects. In
their study they reported the reversed expression of genes associated with diabetic related kidney failure after 8 weeks
intake of KD in mice, this is similar to findings in our study as rats fed KD diet were seen to have improved renal
parameters when compared with control. Chikako et al, (2016), further confirmed this in their study where they looked
at the effect of LCD on renal parameters in over weight obese individuals without chronic kidney disease and their
result showed that eGFR was greater in LCD fed individuals compared with control diet. The various ketogenic diet
also resulted in weight loss when initial weight of the rats were compared with the final weight after eight weeks intake
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of the diet as compared to the control rats that gained weight. This is in agreement with our previous studies, (Eiya &
Osakue, 2019, 2018), it also agrees with the findings of Feinman and Fine (2004). The reduction in weight can be
attributed to reduced caloric intake and the rats burning fat as an alternative source of fuel to glucose
(Westerterp-Platenga et al., 2009; Seyfried & Murkherjee, 2005). When compared in between groups, there was
significant reduction in weight in groups fed olive oil and coconut oil, compared with the group fed butter.

5. Conclusion

This study has again confirmed that high fat ketogenic diet can be used for weight management however intake of
LCHF diet could be harmful to the liver due to its effect on transaminases and serum albumin, it has also shown that the
type of fat used in constituting the diet can contribute to the level of damage the diet can cause to the liver as observed
in rats fed with the coconut oil based diet. The diet did not have any harmful effect on the kidney rather it was observed
to improve renal function as was shown by the reduction of serum creatinine, urea and urinary albumin levels. The need
for further studies to ascertain the best fat type that will be used in the preparation of HFLC diet is very important; this
will no doubt ensure the benefit of this diet is optimized.
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