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ABSTRACT

In 1921 Wilder defined classical cholesterol diet providing the patient with a daily calorie intake of less than 20% compared to
age-related requirements. The main macronutrient is represented by saturated and long chain unsaturated fatty acids, in the ratio of
4: 1 to carbohydrates and proteins (4 grams of lipids per gram of carbohydrates and proteins). One of the first therapeutic protocols
proposed is that of John Hopkins that the onset of the diet should take place in a hospital environment to assess the patient's response

in a controlled situation.
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Methods of administration and formulas of the
ketogenic diet

In 1921 Wilder defined classical cholesterol
diet providing the patient with a daily calorie intake
of less than 20% compared to age-related require-
ments. The main macronutrient is represented by
saturated and long chain unsaturated fatty acids, in
the ratio of 4: 1 to carbohydrates and proteins (4
grams of lipids per gram of carbohydrates and pro-
teins). One of the first therapeutic protocols pro-
posed is that of John Hopkins that the onset of the
diet should take place in a hospital environment to
assess the patient's response in a controlled situa-
tion. This will also help monitor possible side
effects and show families the correct therapy man-
agement" ™).

A careful clinical history should be made to
consider, among other things, the patient's eating
habits and the possible presence of pathologies that
contraindicate the diet, such as fatty acid oxidation
deficiency, porphyria, Pyruvate decarboxylase defi-
ciency (E1) and carnitine deficiency. Treatment
begins with the gradual decrease of carbohydrates
until the fasting lasts for 24 hours (fluid administra-
tion is not interrupted). Ketonuria should be
checked 2-3 times a day, blood glucose every 6
hours; Glucose levels of 25 - 40 mg / dL should not
be treated if asymptomatic (lethargy, emesis). On
the first day (post-fast), the patient should be given
1/3 of the preset calories; On second day 2/3; On
the third day the total calories. The main meals are
three per day, ranging from two meals. The nutri-
tion regime should be increased by the addition of
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supplements, being the poor diet of certain sub-
stances such as calcium, selenium, zinc and copper.
Patients with familial history of nephrolithiasis or
with increases in calcium should be added Citrate
Salts to avoid the onset of renal calculus. To facili-
tate the maintenance of appropriate proportions of
all the macro and micronutrients, there are now
available, in the form of soluble powder, balanced
vanilla flavored formulas, or other flavors, to favor
palatability. During the introduction and continua-
tion of the diet, it is necessary to monitor the
Glycemia and ketonuria. The latter should remain
between 2 and 12 mmol/l. This is easily possible,
even at the patient's domicile, through reactive
strips (ketostix and destrostix)®".

Due to the modern photo refractometers, it is
also possible to evaluate domicilially, using a single
device, ketonemia and blood glucose. In addition to
being needed to monitor the patient's vital parame-
ters, it is essential to educate parents about how to
administer the diet and prepare the menus. In fact,
they have to be told that it is necessary to avoid the
introduction of "foreign" sugars, for example in
medicinal products. Guidelines are also given for
the management of any difficulties related to
dietary practice and the recognition of symptoms
indicating the occurrence of side effects. Even after
resignation, parents need to keep in close contact,
even telephone, with the child and adolescent neu-
ropsychiatrist and nutritionist, so that all the needs
of the small patient are met and the clinical effec-
tiveness monitored. Check-ups are scheduled for
the first month of treatment and, in the following
months, at pre-established intervals or where appro-
priate. Once the efficacy of diet therapy has been
evaluated - usually within 3 to 6 months - pharma-
cological therapy begins to be suspended, which
may also occur prior to the indicated period if the
patient exhibits significant adverse reactions to
antiepileptic drugs. However, the possibility of
early withdrawal of antiepileptic drugs (within one
month) has been evaluated. This option does not
have a significant effect on 3-month crisis control
and, although it involves the need to prolong the
life of the diet for a few months, improves the par-
ticipation and attentive performance of the patient
more quickly. The constant task of family members
is to monitor the frequency of crises, ketonuria and
ketonemia. Dietary changes can only be introduced
if there is a sharp increase in the number of crises in
the absence of precipitating factors (accidental
ingestion of glucose, fructose, malt destrine, etc.) or

if the patient loses too much weight. If weight gain
occurs, but there is an excellent crisis control, ther-
apy should not be altered. Crisis control can be
optimized, and growth delay is avoided by varying
the ketogenicity ratio (4: 1, 3: 1), caloric intake and
the amount of fluids. Amongst the unavoidable rea-
sons of diet breakdown, it should be emphasized:
evidence of toxicity, clinical inefficiency, crisis dis-
appearance for at least 2 years, patient inability to
maintain the diet, explicit request for parental dis-
continuation of treatment®"*”. When the interrup-
tion is due to the disappearance of the crisis, this
must be gradual; Carbohydrates should not be rein-
troduced suddenly, reducing the lipid / carbohydrate
+ protein ratio (4: 1 = 3: 1 = 2: 1, etc.) by appro-
priate dietary strategies by the nutritionist. Some
changes have been made to this protocol to improve
its effectiveness and tolerability. The early day of
fast pre-treatment proved to be indispensable for
achieving ketonemia and crisis control. Moreover,
its elimination has shown the advantage of not
exposing the patient to the risk of acidosis, hypo-
glycemia, and heavy weight loss. Hypoglycemia
can also be treated when less than 45 mg / dL with-
out affecting the achievement of ketonemia (Kim et
al., 2004). The quality of the fats used in the keto-
genic diet has also been studied. Huttenlocher in
1971 showed that the introduction of medium chain
fatty acids (MCTs), instead of the long chain fatty
acids (LCTs) used earlier, made the diet more keto-
genic“ 0,

This allowed a lesser restriction on the amount
of protein and carbohydrates so as to improve their
taste. However, these substances caused abdominal
swelling and diarrhea, where LCTs caused consti-
pation. To overcome these drawbacks, Schwartz in
1989 suggested the inclusion of both fatty acid
types (MCT and LCT) in the diet. This type of for-
mulation is still used today and includes long and
medium chain fatty acids: saturated, monounsatu-
rated and polyunsaturated. Pre-dosed soluble pow-
der formulations containing the above mentioned
fatty acids, complete with vitamins, minerals,
essential amino acids and all the nutrients required
for the proper dietary balance have been developed.
This option is very useful both to be accompanied
by foods prescribed in the ketogenic diet as well as
as a single meal in gastrostomy patients and infants.
Over time, many variations have been proposed on
the classical scheme of the ketogenic diet to extend
its effectiveness to typologies of epilepsy etiologi-
cally different and more and more patient tolerance
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and acceptability. Among these are the modified
Atkins diet, the Low Glycemic Diet, and others that
are still being experimented (diet with branched
amino acids 2.5: 1).1.4 Mechanisms of action.
From empirical therapy to scientific evidence.
Since its introduction, there have been many ques-
tions about the dynamics of action of the ketogenic
diet. It is known that dietary factors may affect
brain functions, and the concept of treating a chron-
ic disorder such as epilepsy with a nutritional
approach has an intrinsic reason to be. But specifi-
cally what is the mechanism by which the diet
exposes its anticonvulsant action? The purpose of
the ketogenic diet is to mimic the fasting condition,
and it is during fasting that physiologically pro-
duced by endogenous anticonvulsant agents: the
ketone bodies. There are historical references to the
anticonvulsant action of acetone; but the more pre-
cise characterization of anticonvulsant effect of this
substance may be identified in dose-dependence
effect in the suppression of epileptic episodes in
animal models®*.

Dietetic therapy was susceptible to animals in
which the concentration of acetone at the cerebral
level was greater than 1 mM. Hereinafter, the fast-
ing state leads to the production of ketone bodies.
When present in appropriate amounts, the Glucose
is the preferred energy source for most tissues in
our body, and the only one that the brain can use.
The major source of glucose comes from the intro-
duction of carbohydrates with the diet. When blood
glucose levels fall, they are immediately reported in
the standard glucagon stimulating glycogenolysis.
Once the liver and muscle deposits of glycogen are
exhausted, new glucose is produced by neoglucoge-
nesis starting from alanine and glutamine
(neoglucogenic amino acids).

The only source of deposition of amino acids
1s muscle tissue, so protein catabolism will result in
muscle mass loss, but it only occurs in the early
hours of fasting. So, in the first few weeks of a
ketogenic diet, it is possible to add neoglucogenic
amino acids in order to prevent the catabolism of
muscle tissue. Subsequently, an adaptation to hypo-
glycemia will occur which will result in a decrease
in glucose utilization by the body, without the con-
sent of the protein pool. As the hypoglycemia con-
tinues, the catabolic process of fatty acids, beta-oxi-
dation, begins. In fact, on the third day of ketosis,
proteins cease to be catabolized and the only energy
sources are free fatty acids and ketone bodies. This
is due to the prolongation of hypoglycemia which

further increases the release of hormones against
insulars, which in turn responsible for the activation
of hormone-sensitive lipase. It hydrolyses triglyc-
erides by mobilizing them from the white fatty tis-
sue and makes them available as an energy sub-
strate. The free fatty acids thus obtained are catabo-
lized to acetyl-CoA, a dicarboxylic acid molecule
entering the Krebs cycle resulting in further energy
production. Under glucose deficiency, less pyruvate
is produced by glycolysis and, consequently, for the
Krebs cycle, less acetyl-CoA acceptor oxalacetate is
available: the rate of formation of acetyl-CoA
becomes therefore higher compared to its use. This
results in accumulation and condensation with
itself, giving rise to ketone bodies: acetic acid, beta-
hydroxybutyrate and acetone. This is the process of
chetogenesis that occurs in liver mitochondria.
When available, free fatty acids can be used as a
source of energy from many tissues including the
heart and skeletal muscle. Instead, tissues such as
the brain, red blood cells, kidney bone marrow,
bone marrow and type II muscle fibers, while not
being equipped with the metabolic device that they
use, need glucose. It is true, however, that the brain
and other organs, in the absence of glucose, are able
to use ketone bodies as alternate fuels when they
are present in sufficient concentration. Continue
ketosis in the third week causing a decrease in con-
sumption of ketone bodies from extracerebral tissue
by down-regulation of hormones responsible for
their use, That there is greater availability for the
brain. After the third week, most tissues extract
their energy exclusively from the catabolism of free
fatty acids, making it possible to maintain adequate
levels of ketone bodies for the brain. It is thus clear
that the only condition in which the blood level Of
ketone bodies is increased, beyond type I diabetes,
the increased use of fatty acids by the body, and this
can be achieved, as well as with prolonged fasting,
by dietary restrictions on carbohydrates.
'Carbohydrate inhibition blocks the fatty acid catab-
olism, minimizing the introduction of carbohy-
drates, maximizing lipid catabolism. The correla-
tion between levels of glucose and free fatty acids
is called Randle free fatty acid glucose cycle. At the
encephalic level, what determines the preferential
use of ketone bodies is their blood concentration,
which is why it must be kept constantly higher than
2 mmol / 1 Acetoacetate and 3-beta-hydroxybu-
tyrate represent 75% of energy consumed by the
brain under ketosis. These, converted into acetyl-
CoA, are catabolized into the Krebs cycle.
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A variable amount of pyruvate is normally
converted to acetyl-CoA via pyruvate dehydroge-
nase, but ketone bodies represent the major source
of acetyl-CoA (81-100).

Summarizing, there are several hypotheses
regarding the molecular mechanism responsible for
the therapeutic action of KD:

* Degeneration of the enc ephalic pH (acidosis
favors neuroinhibition by direct action on proton-
sensitive ion channels)

* Variations in water and electrolytic balance;

* Direct inhibitory effect of polyunsaturated
free fatty acids

* Changes in neurotransmission

* Changes in energetic metabolism due to the
formation of ketone bodies.
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