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Abstract

Objective: This study aims to analyze the ketogenic diet that slows down weight gain in juvenile Mus
musculus induced with benzopyrene (BZP). Method: Thirty-six female mice (Mus musculus), 6-8 weeks old,
weighted 15-25 grams were divided into six groups randomly. K1 (negative control, standard diet) induced
with oleum olivarum, while K2 (positive control, standard diet), P1 (ketogenic diet 1), P2 (ketogenic diet 2),
P3 (ketogenic diet 3) and P4 (ketogenic diet 4) induced with BZP subcutaneously in the right breast at a dose
of 0.3mg/20gBB/day for 14 days. The ketogenic diet was given for the next 28 days. Data were analyzed
using the ANOVA and post hoc LSD test. Results: After 42 days, the ketogenic diet mice experienced
slower weight gain (p=0.000) because BZP induced neurotoxicity and the administration of the ketogenic
diet in juvenile mice induced neurohormonal changes. The ketogenic diet increased ketone plasma level
(p=0.000) and reduced blood glucose levels (p=0.002) due to nutritional ketosis state. Conclusions: The
ketogenic diet with fat:protein ratio 60:30 slows down weight gain, increased ketone levels and decreased

blood glucose levels in juvenile mice with BZP as cancer inducer.
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Introduction

The ketogenic dietis a high fat and low carbohydrates
diet that has been used for various purposes such as
treatment for epilepsy in children and adults, type 2
diabetes mellitus and obesity!>. The ketogenic diet
has the side effect of losing weight. However, children
with epilepsy who are given the ketogenic diet have
gained weight at a slower rate’. Benzopyrene (BZP) is a
polycyclic aromatic hydrocarbon (PAH) compound that
can be found in daily life. Humans can be exposed to
BZP in air, water, and food through the skin, ingestion,
and residual inhalation. As a food contaminant, BZP

Purwo Sri Rejeki
Email: purwo-s-r@fk.unair.ac.id;
purwo_faal@yahoo.com

has been widely known to be a causative agent for some
cancer. BZP metabolized in the liver by the CYP1A1
enzyme and produce carcinogenic metabolites that cause
mutation in cells. Several studies in mice showed that
BZP induction can cause tumors such as breast, skin,
lung and liver cancer. In humans, exposure to BZP in
the work environment is associated with the worker’s
cancer incidence, for example, coal workers, cigarette
smokers, also paving and tile makers®.

Since 1983, Rudolf Virchow has suggested the role
of inflammation in carcinogenesis after discovering
numerous inflammatory cells invaders surrounding
tumor cells. Inflammation plays a role in two stages
of carcinogenesis, namely initiation and progression.
A clear association between chronic inflammation and
cancer can be found in Hepatitis B virus infections
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and hepatocellular carcinoma’. The inflammatory and
glycemic responses are interdependent. A sustained
inflammatory response will increase glycolysis, followed
by hypoglycemia as a follow-up process®. This is in line
with Warburg postulate that cancer cells metabolized
glucose to fulfil their energy needs’.

Proinflammatory cytokines have an important role
in insulin resistance, which is a key factor of metabolic
changes in cancer. This changes will increase energy
expenditure, systemic stress and normal cell function®.
Unlike normal cells, cancer cells need more nutrients
from their host to continue growing. These causes
weight loss in cancer model animals®. Weight loss is one
of the consensus criteria for cancer anorexia-cachexia
syndrome (CACS). The ideal drug in the treatment of
CACS should increase appetite, produce weight gain,
improve quality of life, do not interfere with cancer
treatment, and have an adequate tolerance profile'”.
Administration of the ketogenic diet is known to cause

slower weight gain in juvenile wild type mice'!.

The ketogenic diet is expected to reduce blood
glucose levels and the inflammatory process due to
changes in the body’s main energy source to ketones.
Thus, it is expected there will be an improvement in
the cancer conditions. This study aims to analyze the
ketogenic diet that slows down weight gain in juvenile
Mus musculus with BZP as cancer inducer.

Materials and Methods

Experimental Animal:

Thirty-six female mice (Mus musculus) aged 6-8
weeks old and weighted 2045 grams were obtained
from the Pusat Veteriner Farma Surabaya. Mice cages
measuring 30x45x20 cm, made of plastic covered with
gauze equipped with a place to eat and drink bottles, each
cage filled with one group of six mice. Mice were placed
at room temperature and the lighting was regulated by a
light-dark cycle 12 hours respectively. The feeding was
done at 09.00-10.00 a.m. ad libitum.

Chemicals:

The benzopyrene (BZP) was obtained from Sigma-
Aldrich. BZP solution is prepared by dissolving BZP in
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oleum olivarum in the ratio of 100 mg of BZP to 100 mL

of oleum olivarum?>.

Experimental design:

Thirty-six female mice were divided into six groups
randomly. K1 induced with oleum olivarum, while K2,
P1, P2, P3 and P4 induced with BZP subcutaneously in
the right breast area as much as 0.3 mg/20gBB/day for
14 days. BZP was used to induce cancer. During 14 days
(day 1-14) of induction, all groups were given a standard
diet (60.3% carbohydrate, 17% protein, and 9.3% fat).
Then, in the next 28 days (day 15-42) dieting namely
K1(negative control, standard diet), K2(positive control,
standard diet), P1(ketogenic diet with a ratio of 30% fat,
0% carbohydrate, 60% protein, and 10 % fiber), P2(45%
fat, 0% carbohydrate, 45% protein, and 10% fiber),
P3(60% fat, 0% carbohydrate, 30% protein, and 10%
fiber) and P4(75% fat, 0% carbohydrate, 15% protein,
and 10% fiber) were given.

Data collection:

Bodyweight was measured every two weeks using an
HL-3650 heles digital scale (0-5 kg scale). Measurement
of blood glucose levels using the Autocheck Multi-
Monitoring System was done every two weeks and
carried out 24 hours after the last ketogenic diet was
given. Measurement of ketone levels using Abbott
Freestyle Optium Neo Blood Glucose and Ketones was
done every two weeks and carried out 24 hours after the
last ketogenic diet was given.

Statistical Analysis

The statistical analysis was performed using SPSS
software. The normality test used the Shapiro-Wilk test
followed by the homogeneity Levene test, and ANOVA
test continued with post hoc LSD test. All data displayed
with mean+SD and used a significant level of p<0.05.

Results

The results of data analysis on the delta mean of
final and initial bodyweight can be seen in Table 1.
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Table 1: Delta mean of final and initial bodyweight

Bodyweight (gram) ANOVA A
Group
Initial Final A (p-value)
K1 19.33£1.21 30.00+2.61 10.67+1.75a
K2 19.83+3.97 26.33+£3.72 6.50+2.43b
Pl 19.33+1.86 24.00+4.34 4.50+4.04b
0.038*
P2 18.33£1.63 23.00+4.20 4.67+4.68b
P3 18.83+0.75 26.67+1.21 7.83+0.75a
P4 19.174£3.55 27.00£3.95 7.83+4.83a

Note: different superscript shows significant differences (p<0.05)
Based on table 1, the mean delta bodyweight of mice at K1 is higher than K2, P1, P2, P3 and P4 (p=0.038).
The results of the analysis of the average ketone levels post ketogenic diet can be seen in Table 2.

Table 2: Average ketone levels

Group Ketone Levels (mmol/L) ANOVA A (p-value)
K1 0.45+0.19a
K2 0.42+0.12a
Pl 0.67+0.16a
0.000*
P2 0.75+0.24b
P3 1.55+0.39b
P4 1.20+0.30b

Note: different superscript shows significant differences (p<0.05)
Based on table 2, the average ketone levels in P3 were higher than K1, K2, P1, P2, and P4 (p=0.000).

The results of the analysis on the mean delta of blood glucose levels post BZP induction and initial blood glucose
levels can be seen in Table 3.
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Table 3: Mean delta of glucose levels post BZP induction and initial blood glucose levels

Blood Glucose Levels (mg/dL)
ANOVA A
Group |
Initial Post BZP Induction A (p-value)
K1 102.00+14.63 60.33 +3.72 -41.67+12.32a
K2 98.33+14.47 49.67+6.06 -48.67+14.53a
P1 71.50+28.22 59.50+7.56 -12.00+21.25bc
0.000%*

P2 71.17+10.23 66.50+7.23 -4.67+9.91b

P3 55.50+4.04 54.00+5.14 -1.50+2.26b

P4 110.33+25.25 58.33+5.82 -52.00+23.53ac

Note: different superscript shows significant differences (p<0.05)

Based on table 3, the mean blood glucose delta of mice post BZP induction and initial blood glucose at P3 was
higher than K1, K2, P1, P2, and P4 (p=0.000).

The results of the analysis on the mean delta of final and initial blood glucose levels can be seen in Table 4.

Table 4: Mean delta of final and initial blood glucose levels

Blood Glucose Levels (mg/dL)
G ANOVA A
roup -
Two weeks post'ketogemc diet Final A (final-initial) (p-value)
feeding
K1 129.17+11.99 123.00+13.885 21.00+12.52a
K2 123.83+16.06 127.33+7.528 29.00+9.27ab
Pl 116.67+12.40 87.00+12.665 15.50+38.28a
0.002*

P2 116.00+29.04 90.00+16.420 18.80+21.90a
P3 109.17+9.04 104.17+19.438 48.67+16.08b
P4 119.17+11.09 95.17+10.167 -15.17+27.80¢

Note: different superscript shows significant differences (p<0.05)

Based on table 4, the mean delta of mice blood glucose levels at P3 was higher than K1, K2, P1, P2, and P4

(p=0.002).
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Discussion

The ketogenic diet has been known to cause slower
weight gain in both mice and rats''%!3, The present
study showed the mean of delta bodyweight of mice at
P3 was lower than those in the K1, K2, P1, P2, and P4
(p<0.05). This is in line with the study by Sussman et
al. which stated that administration of a ketogenic diet
with a ratio of 67.4% fat, 0.6% carbohydrate, and 15.3%
protein wt/wt for 30 days in 6-weeks-old female mice
significantly lead to a slower weight gain compared
to the control'. The ketogenic diet change energy
homeostasis, thus children who are given the ketogenic
diet experienced slower growth than those on the regular
diet. Administration of the ketogenic diet changes the
calorie content and lead to several neurohormones
changes, such as insulin and leptin which play a role in
energy homeostasis regulation. The metabolic changes
due to the ketogenic diet cause peripheral neurohormones
levels to change®!S. The ketogenic diet administered
for 4-6 weeks lead to visceral fat accumulation and
increased both adiponectin expression and plasma leptin
levels. This increased induce slower weight gain in mice
because both hormones have an anorexigenic effect. In
addition, high fats composition in the ketogenic diet
provide a longer satiety effect and indirectly reduce
calorie intake!®!,

The K2 group experienced the lowest weight gain
because it was induced by BZP without a ketogenic
diet feeding. BZP induction causes neurotoxicity and
inhibition of acetylcholinesterase and cholinesterase
(ChE) which has a severe impact on the determinants
of survival and performance functions, such as feeding

17 The ketogenic diet

and surviving toxic exposure
exerts a neuroprotective effect that reduces injury to
cells and modifies inflammation in the brain due to BZP
exposure!®. Increased expression of adiponectin also
weakens the inflammatory response by decreasing the

pro-inflammatory cytokines secretion'.

The ketogenic diet contains high fat and limits
consumption of carbohydrates will cause a nutritional
ketosis!®. The average ketone levels in the P3 were
the highest (p<0.05), which is in line with the study by
Greene et al. that a 3-months ketogenic diet with 69.1%
fat, 22.9% protein, and 8.1% carbohydrates significantly

increased fasting ketone levels compared to control®’.
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Increased ketone levels in the P3 was happened due to
the replacement of the main energy sources by fat. When
the carbohydrate intake fewer than 20 g/day for 3-4 days,
the oxidation of fat through the Krebs cycle is stopped
and ketogenesis will occur to form ketone bodies as a
substitute energy source for the brain. Ketone bodies
can be used as an energy source when the concentration
in the blood reaches 4 mmol/L (equivalent to glucose
concentration). In contrast to ketoacidosis, nutritional
ketosis does not cause changes in blood pH!*!.

The present study showed the mean glucose levels
in the standard diet groups (K1 and K2) were greater
than the ketogenic diet groups. This is in line with the
study by Ding et al. that mice in the control group have
significantly higher glucose levels (7.0 mmol/L) than
ketogenic diet group with fat-carbohydrate:protein
ratio 3.1:1 (6.0 mmol/L)'?. The ketogenic diet replaced
the energy source for the brain into ketone bodies and
causes blood glucose levels to remain low!. In contrast
to the present study, Cooper et al. found that mice who
got ketogenic diet, high-fat diet, and high-fat diet plus
exercise for 12 weeks experienced moderate increases
in blood glucose compared to control group because the
ketogenic diet slows down weight gain and did not cause

hyperinsulinemia®?.

The induction of BZP triggers an inflammatory
response in mice and increases the use of glucose which
results in a hypoglycemic state as a follow-up process®.
The decreased glucose levels in the K2, P1, P2, P3, and
P4 after BZP induction was caused by an inflammatory
reaction. Inflammation triggers a glucostatic state
where hyperinsulinemia occurs due to a rapid increase
in glucose levels, followed by a more rapid decrease®’.
Hypoglycemic conditions trigger

glucose transporter 3 (GLUT3) on the plasma membrane

upregulation of

of monocytes, which is an autoregulation mechanism to
protect leukocytes from the detrimental effects of low
glucose levels?*.

The present study showed that mice in the K2, which
induced with BZP and given a standard diet, had the
highest final glucose levels. This is caused by persistent
inflammation due to BZP induction. Induction of BZP at
a dose of 0.3 mg/20gBW/day for 14 days cause changes
in the breast cells leading to malignant tumors®. The
inflammatory condition can be exacerbated by blood
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glucose increased. High blood glucose levels lead to low-
grade inflammation, insulin resistance, and increased
inflammatory markers?®. Medroxyprogesterone (MPA)
treatment in cancer patients decreased IL-1, IL-6,
and TNF-o serum levels and increased appetite with

bodyweight stabilization?’

. The ketogenic diet has
similar anti-inflammatory effects by creating a relatively
lower blood glucose level and decreasing TNF-a, IL-1,

and IL-6 secretion!®.

Conclusion

The findings suggest that ketogenic diet with
fat:protein ratio 60:30 can slows down weight gain in
juvenile Mus musculus induced with BZP might be due
to neurohormonal changes also its neuroprotective and
anti-inflammatory effects. The ketogenic diet increased
mice ketone levels and decreased glucose levels due to
nutritional ketosis.
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