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Our Lord! Grant us good in this world and
good in the Hereafter, and save us from the
chastisement of the fire

[2:201]




YOUR PATIENT

* 5year old Amena was
brought to the Paeds
Emergency with high
fever, excessive thirst,
frequent urination,
extreme fatigue and
sleepiness

Urine test




on Examination

Fruity odour in breath (ketosis)
Tachycardia Indicate dehydration or hypovolemia
Low volume pulses
Hypotension

Impaired skin turgor
Sunken eyes

Delayed capillary refill time
Absence of tears

Weight loss (if premorbid weight known)—

Rapid deep sighing breathing, Kussmaul respiration (metabolic acidosis)

Changes in sensorium, coma 2
Bradycardia, hypertension

Papilledema L Indicate cerebral edema
Abnormal pupillary reflexes, cranial nerve palsies

Posturing: decerebrate, decorticate




DIABETIC KETOACIDOSIS
CLASSICAL TRIAD IN DKA

+« Hyperglycemia - blood glucose greater than 200 mg/dL
+ Ketosis - ketones present in blood and/or urine

« Acidosis - pH less than 7.3 and/or
bicarbonate less than 15 mmol/L




|

Fiw ', :‘../"‘U‘

Akt Chinical Correlatons

LIPID METABOLISM

-

> - —
» -
L -



KETONE BODY
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KETONE BODIES




LEARNING OBJECTIVES

KETONE BODIES LIST

WHEN ARE THEY SYNTHESISED

WHY ARE THEY SYNTHESISED

HOW ARE THEY SYNTHESISED

WHICH TISSUES USE THEM

HOW ARE THEY USED BY THE TISSUES
COMPLICATIONS OF EXCESS



LEARNING QBIECTIVIES

Definition M Significance l§ Synthesis

| Utilization Ketosis




Ketone bodies are
ketones that are
produced during
excessive breakdown
of fatty acids.
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KETONE BODIES
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Ketone Bodies

High rate of Fatty
Acid Oxidation in Liver

!

Produces considerable
amount of
Acetoacetate,
3-hydroxybutyrate

]

Acetoacetate
continuously
undergoes
decarboxylation to
form acetone

*Acetoacetate

3 Hydroxy butyrate
*Acetone

Are called ketone bodies
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3 KETONE BODIES

Acetone - (CH,),CO
OH  Acetoacetic acid - CH,C(O)CH,CO,H

OH  f-hydroxybutyric acid - CH,C(OH)CH,COH



KETONE BODIES

* 3types:-
1. Acetone
2. Acetoacetate
3. 3-Hydroxybutyrate
/ B-hydroxybutyrate
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WHY ARE KETONE BODIES
SYNTHESISED

Lack of Insulin
Excess Glucagcin, Catehcolamines
Excess Breakdown
of Triglycerides

Increased Free Fatty Acids

|

Formation of Ketone Bodies

2

acetoacetlate p- hgdroxgbutm’o!o acetone
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Alternate source to
glucose for energy

Production of ketone bodies under
conditions of cellular energy deprivation

Utilization of ketone
bodies by the brain

SIGNIFICANCE )




KETONE BODIES AS AN
ALTERNATE ENERGY SOURCE

~ Blood Levels of Energy Substrates in Starvation
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* Liver mitochondria
* [ oxidation of Fatty acids—> Acetyl CoA
—>Ketone bodies
e —>transported in blood
—>peripheral tissues
—>Acetyl CoA
—>TCA cycle
—>Energy
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KETOGENESIS



Ketone
bodies are
synthesized
only in liver

check
http: / fwww.zdsolutions.it/flash/ gallery_med.htm

SITE OF KETOGENESIS



IMPORTANT ENERGY SOURCE
FOR PERIPHERAL TISSUE

1. Water soluble - do not need to be carried
as lipoproteins/ with albumin
2. Produced when M Fatty acids >liver can oxidize
3. Used by extra hepatic tissue in place of glucose
during fasting
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Formation of Ketone

Bodies

Occurs in hepatic mitochondria.

Resulls from over production of CoA
fammgaom



HEPATIC MITOCHONDRIA
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adipose
tissue Fatty Fatty Acids

Triglyceride Acids
albumin 2 mitochondria

Fatty Acids

Glucagon
Epinephrine

.| Hormone
G-Iucocortlc- Sensitive _ B-oxidatio
oids Lipase JAlbumin

' | Acetyl Co A
Glycerol

Fatty Acids — Fatty Acids

Energy for the"Brain and
Extrahepatic tissues




KETOGENESIS

Fasting—>
Adipose tissue—>FFA—>Liver

- MBoxidation of FFA
—> Mhepatic acetyl CoA

- PyruvateDehydrogenase
+ MPyruvate Carboxylase

> PMOAA-Liver
gluconeogenesis ( not TCA)

—Acetyl CoA - Ketone
bodies

Bicarbonate Pyruvate

0
HO c/o + CH —'cl—c/0
% 3 \

0 (o

ATP
pyruvate bioti
carboxylase o
ADP + P;

A 4

o\ /o
C—CH,—C—C Oxaloacetate
/ I\

-0 5 o-

26



KETOGENESIS

TCA CYCLE
MNATP and NADH
—>inhibits Isocitrate "V"”"‘;
- 3 ATP, acetyl CoA
Dehydrogenase g e
in the TCA cycle Acetyl CoA
Oxalo- -
pree i\Citrale
- Malate. 7
Malate ‘
t Isocitrate
-> leaves the mitochondrion & st
—>gluconeogenesis. > T —
Succinate u-Ketoglutarate
N\

Excess acetyl CoA - sosci g T e
rerouted to ketogenesis CoA NAGH



KETOGENESIS

Blood




KETOGENESIS

Insulin In Glucagon ]
Lipolysis J

|

‘l- Free fatty acids ]

i ilasma

Hepatic output
of I-cet-nne bodies

!

] Ketoacidosis ]




Ketogenesis
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Ketone Bodies

» Acetone is volatile — Expelled = Lungs
» Acetoacetate and 3 Hydroxybutyrate excreted - urine
» Ketone bodies are produced in Liver

> Liver is not able to utilize ketone bodies due to the
absence of the enzyme THIOPHORASE required to
activate acetoacetate

» Extrahepatic tissues contain the enzyme THIOPHORASE
required to activate acetoacetate (They are able to
utilize ketone bodies)

)
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Acetyl CoA enters TCA cycle - Oxidized - energy

After 3 days of starving = liver forms lots of ketone bodies

* Brain fulfils 1/3 of its energy needs from Acetoacetate.
* Heart also uses Ketone bodies

After several weeks of starvation = ketone bodies become major
fuel of brain ( 60-75% energy from ketone bodies )

Now only 40gm glucose / day is needed by brain
compared to 120 gm/day on 15t day of starvation



1. SYNTHESIS OF HMG CoA

e 2 Acetyl CoA
condense -
Acetoacetyl CoA

Enzyme = Thiolase
* Acetoacetyl CoA +

Acetyl COA->HMG CoA
Enzyme=Mitochondrial
HMG CoA Synthase

Fatty acyl CoA

i
2 CH4C - CoA

2 Acetyl CoA

Thmfase/(

GHEG CH, -

C CoA

Acetoacetyl CoA

HMG CoA

i
CH,;C - CoA
Acetyl CoA

synthase &
CoA

Y
0 OH
“0-C - CH,- c CH, -
CH,

O
C—CUA

HMG CoA
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* HMGCoA—->AcetylCoA

2. SYNTHESIS OF KETONE BODIES

+ Acetoacetate
Enzyme=HIVIG CoA
Lyase

Acetoacetate—

(reduced with NADH)->

3-hydroxy Butyrate
/ (decarboxylated)—>
Acetone(breath)

PMwith > 1T FA
oxidation

- "NADH:NAD

0 OH 0
“0-C - CH,- c CH,- G- CoA
CH,

HMG CoA

HMG CoA lyase ?
CHZC - CoA
Acetyl CoA

i i
CH,C - CH,-C- 0"

Acetoacetate

Spontaneous 3-Hydroxybutyrate
dehydrogenase
NADH
+H*
NAD*
D
CH; - {.'}H3 IGH3 . - CH; - C -0
Acetone OH
(metabolic

dead end)

3-Hydroxybutyrate
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KETONE BODY UTILIZATION

) Ketone bodies are not oxidized in the liver or RBCs
Utilized in extrahepatic tissues such as brain, heart, skeletal
muscle and kidney




B-Hydroxybutyrate PESSSSSN Acetoacetate
Succinyl CoA

. CoA transferase

Succinate
\ 4

Acetoacetatyl CoA
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KETOLYSIS (USE OF KETONES BY
PERIPHERAL TISSUE)

Liver continuously makes low levels of Ketone bodies
M secretion during fasting

/ Diabetes Mellitus (Type 1 uncontrolled)
— provides energy to peripheral tissues

Liver cannot use Ketone bodies as fuel because it
lacks Thiophorase
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KETOLYSIS (USE OF KETONES BY
PERIPHERAL TISSUE)

All extrahepatic tissue having mitochondria can use
Ketone bodies

*3-Hydroxybutyrate (oxidized) + NAD ->Acetoacetate +
NADH + H*

Enzyme = 3-Hyroxybutyrate dehydrogenase
*Acetoacetate + CoA (from Succinyl CoA by

Sucinyl CoA:Acetoacetate CoA transferase/
Thiophorase ) >Acetoacetyl CoA

*Acetoacetyl CoA - 2 Acetyl CoA
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KETOGENESIS AND KETOLYSIS

PERIPHERAL TISSUES

BLOOD [ (for example, MUSCLE}
FATTY ACID , 2 Acetyl CoA
LIVER CATABOLISM GLYCOLYSIS T
%j 4} Acatoacetyl
2 Acelyl CoA € Succmate\ fCoA
CoA  Acetyl CoA PCoA
TCA CYCLE bk
3-Hydroxy-3-methylglutaryl CoA (L—l Acetoacetyl CoA /
| > Acetyl CoA Succinyl CoA
Y
Acetoacetate Acetoacetate Acetoacetate
- NADH + H* i*) cor i\ it
+
v‘)m bl Wl
‘3Hydroxybutyrate == > 3-Hydroxybutyrate 3-Hydroxybutyrate
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KETOGENESIS AND KETOLYSIS
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ENERGY YIELD FROM KETONE
BODIES

Ketone bodies are used as fuel,
yielding 2 GTP and 22 ATP
molecules per Acetoacetate
molecule when oxidized In the
mitochondria.



OTHER USES OF KETONE BODIES

MITOCHONDRION CYTOPLASM

Fasty acd i Zhcetyl CoA
f-oxidation —p ZACELY] COA e Otric acid Viciaal
‘ THIDLASE cycle .
Acetsacetyl Cod Acetoacetyl Cod
HuG-CoA " ‘ WuG=CoA
‘ FYNTHASE s SYNTHASE
ﬂ“O‘COA'LYAS! & :: "“G'COA
ACELOne g ACSTOACRTALE vt B-Hydroxybutyrate RECUCTASE
[I=HYOROXYBUTYRATE A Mavilonate
DEHYDAOGENASE ‘
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Biochemical

findings




Ketosis is a disorder of @
excessive production of
\\Q ketone bodies

KETOSIS - DEFINITION >




Prolonged starvation

e Carbohydrate deprivation

Uncontrolled diabetes mellitus

e Impaired uptake of glucose by the
peripheral tissues

KETOSIS - CAUSES »




Ketonemia Hyperkalemia

Metabolic

Ketonuria . §
acidosis

KETOSIS — BIOCHEMICAL FINDINGS




B hydroxybutyrate

e |[n plasma

Acetoacetate

e |[n urine
e Rothera’s test

KETOSIS —
BIOCHEMICAL DIAGNOSIS




KETOACIDOSIS

In normal individuals - constant production and
utilization of Ketone Bodies

Normal Ketone body level < 3mg%

When Ketogenesis > Ketolysis

—>Ketonemia ( 90mg/dl )

—>Ketoacidosis
—>Fruity odor in breath (Acetone)
—>Ketonuria (5000mg/ day)

Diabetic ketoacidosis (Type 1- uncontrolled) /Starvation

—>Ketoacidosis—>Ketonuria (+ Glucosuria)

— Dehydration



 Ketonemia - Ketonuria (excretion of ketone
bodies in urine)

e Ketonemia + Ketonuria = KETOSIS

e Smell of acetone in breath—> Ketosis.

* When a DMT1 suffers a biological stress event
(sepsis, heart attack, infection) - Ketosis



Isopropanol
(2-propanol)

ADH

Lipolysis

NADH

Slow
reaction

Breath
Keton-
bodies

Hydroxymetabolites

Ketosis

Urine
CYP2E1
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Ketosis ; Ketoacidosis

Ketonemia + Ketonuria = Ketosis

Ketone bodies (acetoacetic acid & 3-OH Butyric acid )
are acidic in nature

N

Hydrogen ions are neutralized by bicarbonate (HCO;") of
the blood

l

Bicarbonate (HCO;") level of the blood decreases -
metabolic acidosis

l

Metabolic acidosis is due to accumulation of ketone
bodies so it is called ketoacidosis
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Diabetic Ketoacidosis

Relative or absolute deficiency of insulin combined with
counter regulatory hormone excess

7

[INSULIN] / [GLUCAGON] ‘L

Excess mobilization of fatty acids

Hyperglucagonemia alters hepatic metabolism to
favor ketone body formation, through activation of the
enzyme carnitine palmitoyltransferase I.

\/

Excess B-oxidation of fatty acids in the
hepatocytes

\4
Excess ketone body formation




Diabetic Ketoacidosis
Consequences

Cell Extracellular Fluid Space Kidney

|

(*)  Myperglycemia m
K* K* < Hyperosmolarity ™~ @) |
Na*
K* l
Na*/K'ATPase

Osmotic Diuresis

".
B + loss of hypotonic fluids
Insulin
deficlency loss of ketoacid anions

with Na*, K*, H* and NH4*
cations

) 2007, Bervmnd L Jaber, MD >/






Signs and Symptoms of DKA

* Polyuria, polydipsia  Fruity breath
— Enuresis . — Acetone
* Dehydration « Kussmaul breathing
— Tachycardia . Mental status
— Orthostasis changes
« Abdominal pain — Combative
— Nausea — Drunk
— Vomiting — Coma
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CLASSICAL TRIAD IN DKA

+ Hyperglycemia - blood glucose greater than 200 mg/dL
+ Ketosis - ketones present in blood and/or urine

+ Acidosis - pH less than 7.3 and/or

bicarbonate less than 15 mmol/L
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Facial flushing ¢

Nausea & vomiting <
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Symptoms cf

Acidosis
Central 8
- Headache ¥ — Respiratory
- Sleepiness - %,/ -shertness of
- Confusion B / breath
- Loss of ' - Coughing
consciousness
- Coma Heart
- = Arrhythmia

Muscular - Increased
- Seizures heart rate
- Weakness

Gastric
Intestinal - Nauses

- Diarrhea - Vomiting
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HISTORY OF DKA

IABETIC KETO-
ACIDOSIS

Lack of Insulin

-
Onset Over 6@
4-10 Hours ©'Veeet Fobie Pmese

Thirsty, Dehydration

- Russmaul Respirations ‘?
N A

- Tachycardia
Hypotension
Acidosis

Hydration
insulin
TeE—
3 Electrolyte
- Hiagh Biood Suaar (> 240 ma/dl) chlaccman
- Hyperkalemia
- 3’0.}‘.’.“"_‘ m D007 Nursing S aucaton Commitartn
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