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Gluconeogenesis

Ahmed Salem, MD, MSc, PhD, FRCR



Carbohydrates metabolism Il Aerobic
metabolism

1.Gluconeogenesis
Synthesis of glucose from lactate, amino acids and
gl cerol

.Krebs cycle
3.Electron transport and oxidative
phosphorylation
4.Inhibitors of electron transport and oxidative
phosphorylation




Gluconeogenesis: Definition

* Metabolic process by which glucose in synthesised from non-

Ca rbOhYd rate Precursors: genesis s,neo =new gluco = glucose Cua | an¥) (e oy y2ill AT (Saa

e |actate carbohydrates Cusd 3l 50 (e 22 glucose gival e (gl | arual e

* Glucogenic amino acids (major source of glucose after glycogen is depleted)
* Glycerol (part of TAG)
* Odd chain fatty acids (rare); Propionyl coA (minor source)

daase L e alu g aa agll




Physiological importance

(i 2280 & sl ) Mie Jyshall o saall (55 g pda 8 aall 3 Sl e ddailaall e aeli 43 a5 gluconeogenesisd) 4wl

* Maintains blood glucose level especially in starvation

* Brain has a minimum obligatory requirement of 120g glucose/ day = provided in case of starvation via gluconeogenesis
* Appx 60% of total CHO intake by body is metabolized by brain (¢l juai Wl metabolizationd) 4ee carbohydratesd) ¢+ 60%)
* Glucose main source of energy for anaerobic tissues (RBCs, muscles during exercise)

gluconeogenesisd! ke & (w2l g sall) starvationd) IS agle daasy AU 48 Hhall 5 1120g glucose »)38a L L g s lie ¢laall (Y

e Control of acid-base balance
* Production of lactate in excess to clearance = metabolic acidosis
* Re-synthesis of glucose from lactate is a major route for lactate disposal ,acid-base balancedle aadladll _a 45U FLIWY

gluconeogenesisd &b (= glucosed o=l lactated) d s~ muall (il & acidosis sy 23¢5 Aa Al a8y |actated) 1S 55 W juay S5V (ala g

* Glucose required in adipose tissue as a precursor of glycerol

* Glucose is precursor of milk sugar lactose in mammary gland
(Slaaza yall cluaill 8 culall S 8 N Jactosed))

* Glucose is needed to maintain the intermediates of the TCA
(TCA = Krebs cycle)



Important facts about gluconeogenesis

* Sites of occurrence: partially in mitochondria and partially in cytosol
of liver (85-90%) & kidney cortex

s liverd) 85 55K 35 50 (e enzyme 2 43 cuadl s liverdl smals 4ia bl 006 5 cytoplasmdl = > s mitochondriadl ssas 4ie ¢ 3
gluconeogenesisd! 4y enzymesd) sl yiia

* Conditions characterised by active gluconeogenesis:

* Prolonged fasting/ starvation > starts 6-8 h after last meal and fully active 12-18 (after
depletion of liver glycogen) dclu 12-18 2 Julsl) alaliil Jaagag A g JA) (e Gilelu 6-8 22y juay (il -
(reall glycogend) (s de 48 il (550 Al gl sa )

cortisold gl )l . gluconeogenesisd! L 2 A SV (g -
Cushing’s syndrome s 5l 4k 3231 ) Gle ja o OIS )| 2ally

* Cushing’s syndrome (high cortisol level)

e Cortisone and ACTH therapy
*Note: cortisone is the man-made version of cortisol

* Toget rid of increased lactate (severe muscular exercise, lactate from RBCs)
* Unbalanced diet (low CHO, high fat) (fatsd ¢ 3.8 <SS Jias carbohydratesd) (s AL s Jl s 3)

JLaamy iy = 5 9 L a9 JS 0 2al ) Ll Y
After an overnight fast, glycogenolysis and gluconeogenesis make approximately gluconeogenesisd! 1 555 a sill (e (Js¥) Slelully
equal contributions to blood glucose. As glycogen reserves become increasingly §sbuia JS0 ) gl (pae 8 glycogenolysisd! s

depleted, gluconeogenesis becomes progressively more important R ot u‘h glucosed! +4 L« e O L
zals IS gluconeogenesisd! 4wal



Gluconeogenic pathway

(glucosed) S5 sa AN glycolysisd) (L= gluconeogenesisd! 43 Js&i (San paida JS

* Pretty much the reversal of glycolysis (but not just reversal of glycolysis)
* Gluconeogenesis & glycolysis need to be reciprocally regulated (when glycolysis is active,

gluconeogenesis is shut down) 0555 W 1l 8 g iy | iamy Lo Jpind Cytlanll 43 oo Leb i mgee ) A
488 gl oS AW Jaal) 28 3as g

* 3 irreversible reactions of glycolysis need to be overcome:

glycolysisd) (sSa3 (liie <o reversible (sS4 Glleall alaxs 43) glycolysisdb Ll e s 5 L
: Jsaa 3irreversible reactionsd) ae Jalaii 43) L o dhadll gluconeogenesis Jaxi s




(1) Hexokinase

(2) Phosphohexose
iIsomerase

{3) Phospho fructo
kinase

Glucose
ATP
ADP
Glucose-6-phosphate
Fructose-G-phosphate ggm‘
ATP NP 1922
1884-1951
ADP

Fructose-1, 8-bisphosphate

(4) Aldolase

Il

Glyceraldehyde-3-phosphate + DHAP

(5) Glyceraldehyde
3-phosphate
dehydrogenase

MAR!
Pi .
NADH+H

1.3-Bisphospho glycerate

(6) 1,3-bisphospho
glycerate kinase
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(7) Phospho
glyceromutase

(8) Enclase

(9) Pyruvate
Kinase

3-Phosphoglycerate
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(10) Lactate dohydlmgo

Glycolysis
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Fructose-1, 6-bsphosphate
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ADP
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3-Phaspho glycerate .
Gluconeogenesis
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K.’ gluconesogenic anzymes:
=Pyruvate carboxylase; 2=FPhaspho encol pyruvate
carboxykin». 3=Fructoso-1, S-bisphosphatase;

4=Glucose-6-phosphatase

Koy glycolytic enzymes:
S=Hexokinasse, S»Phosphofroctokinase . 7Pyruvate Kinase
Substrates for gluconNeoganesa are shown nside brown SguUares.



aeSe Jani (lie 4eadiudl enzymesd & 3 irreversible reactionsd! be 4as J siaa

Table 9.7. Key enzymes

Irreversible steps in Corresponding key
glycolysis gluconeogenic enzymes
Pyruvate kinase (Step 9) Pyruvate carboxylase;
Phosphoenol pyruvate-
carboxy kinase
Phosphofructokinase (Step 3) (Fructose-1,6-
bisphosphatase
Hexokinase (Step 1) KGIucose-G-phosphatase

phosphated) S5 e 1 slazy 2 enzymesd) J sz ™™




1) FROM LACTATE & PYRUVATE: This requires:

(A) Reversal of Pyruvate Kinase Reaction:
(Dicarboxylic acid shuttle). ..cssbs e sl Jelal

* Pyruvate generated in cytosol is transported to mitochondria and converted to oxaloacetate
* Pyruvate carboxylase like many CO2 fixing enzymes needs biotin

Jsaidgadlg | Al JSEl Jady Gu e Leie allay & siaa s mitochondriad! Ja pyruvated) 43) (5! 3 shaall
g=  ATPA! élblginl be jla a3y AdlaYL  Jelall, CO2J) JAx s, (pyruvate carboxylased) G2k (=) oxaloacetated
,malated oxaloacetated) J:s~3 o malate dehydrogenased! (&b (e (pam ..Co-factor & biotind! 25>
NADHU oxidation dxee J =3l (ala (38l 5 g

Pyruvate carboxylase Malate Dehydrogenase
+ acetyl CoA
Pyruvate 7 / — \ » Oxaloacetate / \, Malate
0 amp

ADPtP NADHF H' NAD



(nitrogenous based!) dxua 5 yinll saclally s 38l (SI ATPI 5542 GTPJ! & note™™

,':”,gfnﬁ‘;’,‘g'a' Guanine = GTPJ Wiv Adenine e (s st ATPJ Cas
: Vitochondiia B malatgd oxaloacetated) J g3 \-\% S ) Y
Cytosol Y [_] ey e sl 5 mitochondriad) (e 4allai jass olie lats
Al 3 ghadll (il 58 5 oxaloacetated g 2 7
Pyrivate carboxylase a ¥ &b e oxaloacetated) pala Cus
Pyruvate » Pyruvate » OXaloacetate ,
/ Biotin  mn** phosphoenol pyruvate carboxykinase (PEPCK)J)!
co, & Jsaii 7 (GTP &oeinly )
Malate DH phosphoenolpyruvate (PEP)
irreversible J\S Jelai Jl (e Luald Ua) ola 5 &
Oxaloacetate «—» Malate < Malate O phads 4uad Ly shaal s glycolysisdh

GTP
AN

Phosphoenol-pyruvate
carboxykinase
(PEPCK)

GDP“~ ™\ co,

Y

Phosphoenolpyruvate
(PEP)

,pyruvate JI 2 ATPs USliul 5 gluconeogenesisdb
4 ATPs LSlginl dlasally i 2 pyruvates be 43) Laj
* PEPCK is a cytosolic enzyme > oxaloacetate must be transported
out of mitochondria

* As there is no mitochondrial carrier for oxaloacetate, it is
transported as malate or aspartate

* Malate shuttle carries oxaloacetate and reducing equivalents
* Aspartate shuttle does not require preliminary reduction step,
depends of availability of glutamate and a ketoglutartae

(aspartated! <3 a3 s ;malate shuttled! s (s 75 xi4l))



(B) Reversal of the phosphofructokinase reaction:

Fructose-1, 6-bisphosphatase is the KEY ENZYME of
gluconeogenesis.

fructose-1,6-biphosphated) Jisa3 ok = 5 48 98 Jel&lly juay A oY)
fructose-1,6-bisphosphatased .k = fructose-6-phospate !
(ATP USlginl Le (58 )

H,0 Pi

F-1, 6-BP » ‘ - o
Fructose-1, 6-bisphosphatase

Fructose-1, 6-bisphosphatase enzyme is not found in heart,
smooth muscle or adipose tissue , so gluconeogenesis does
not occur in these sites.

AlalS dlae g 4d e 45 5 48l dae sdann g Al e




(C) Reversal of the Hexokinase Reaction:

- G-6-phosphatase is present in the liver & (kidney, & intestines) Ol fage AL
lesser extent Jsasl s Ads i 5 liverdh sl gluconeogenesisd) (» 85-90% 43 Ll L S5 Lia)
organsd) 8L (e S S) 4y liverd) 4 G-6-phosphatased)!
- Liver provides >85% of glucose produced in body vie Calia Gl gl oS -
- This proportion | in prolonged starvation = kidney production T |iyerdL Jib ¢ua starvationd!
- Totally absent in brain, muscles and adipose tissues kidneydb s s

- In skeletal muscles gluconeogenesis ends in G-6-P which
cannot leave the cell, but G-6-P can form glycogen

A gy g GBlaal)l Jala Jiay 7 5 G-6-PJ) 4] (Sira (aled GBlianll 3 ga 50 (e il enzymed) 4) L Lua
glycogend Jsai (Sas Al sy A (S glucosed Jsai Lo s (J3NAlk 3lx) trapping

H,0 Pi

G-6-P S . Glucose

Glucose-6-phosphatase




Gluconeogenic precursors

Gk e (e (by LDH) pyruvated 4k =3 & olie [iverd! Jiiv |actated) 43 jpan
Ciath g actated) (e dsasY) g aall (aalas S 48y Hhall sle s glucosed Jsah gluconeogenesisd)

* Lactate
* End product of anaerobic metabolism
of glucose in muscle, RBCs

* |tis transported from muscle, RBCs to
liver where it is reoxidised by LDH to
pyruvate which is converted to glucose

e Cori cycle
* Occurs between [RBCs and muscles in
vigorous exercise] and liver
e Clears blood and tissues from lactate
to give glucose in the liver

= prevents lactic acidosis

Liver and renal cortex

/ Glucose

tZ NAD*
2 NADH +

Gluconeogenesis
g T 2H?

o/\w-/T

2 Pyruvate

2 NADH +
2 H*
LDH

2 NAD*

2 Lactate =

dalanl) sla & 6 ATPs USlginl 43) Laadli g [actic acidosis < s~

Muscle, erythrocytes, and others

Glucose

2 NAD* J
2 NADH +

2 H* l Glycolysis

Y
2 Lactate



Cori Cycle (Lactic Acid Cycle) -
Blood Glucose
70-110 mg/dl

(3.5-6 mmol/I)

Liver and kidney

Cori Cycle : in fasting, insulin level is decreased while glucagon,
adrenaline and cortisol levels increase . This stimulates
gluconeogenesis in the liver and kidney tubules , which converts
lactate into glucose to maintain blood level . Most of the glucose
is directed to the brain and red blood cells . Less amounts go to
skeletal muscles , which rely on ketone bodies and fatty acids for
energy . Red cells convert glucose all the time to lactate but brain
and skeletal muscles also produce lactate under anaerobic
conditions which in the brain could be contributed to by
morphine respiratory depressants . Lactate is released to the
blood and taken by the liver to be reconverted back to glucose .

Gluconeogenesis

Lactic acid
2-5 mmol/I
(Increasedin lactic acidosis)

Brain

Red blood cells




oLl amino acidsd! classificationd) & sase (e s 3 st s Adia Ul adldl (ala **
R EN 2OLl) agad dslaia dlasy LR ST M) Chdia g ,L”;ﬁal.d\ Jdll biology moleculardy
e According to their metabolic fate, amino acids can be classified
Into 3 main groups:

* Pure glucogenic: give glucose inside the body

— include all amino acids except the members of the other two groups

* Pure ketogenic: give ketone bodies inside the body

— Include leucine and lysine

* Mixed glucogenic and ketogenic: give both glucose and ketone bodies inside
the body

— include phenylalanine, tyrosine, tryptophan and isoleucine



Glucose from amino acids:

- All glucogenic and mixed amino acids can give glucose (i.e.

all amino acid except leucine and lysine)  glucose i amino acidsd! Js
pure ketogenicd i

- Amino acids give pyruvate or intermediates of Krebs’ cycle

- = both can be converted to oxaloacetate which by PEPCK can
give phosphoenolpyruvate (PEP)

- PEP by reversal of glycolysis can form glucose or glycogen

ALl CilayDldly 4aia 65 &5 W s ) 30w gluconeogenesisdb 1 Ay ~ 5 oxaloacetated aeli st b W 2 jaa

lic Caeld siall Cund S 3ie oli) ol




Serine — Cysteine -

Glycine — Threonine Lo

Tryptophan — Alanine.l

| Stucosgpe——rer, ==

Tyrosine

phenylalanine

Fumarate

amino acidsd! [5_« (S*

*aa Cilaga

Lactate

e

Pyruvate

Oxaloacetate

Aspartic acid
Asparagine

Succinyl-CoA

T

)

Isoleucine
valine
methionine

| TCA-cycle I

wx el 1o Faga uams I
Krebs cycled & Jax 7 ¢ns amino acid

Acety FCOA

Citrate

a- Ketoglutarate

Glutamic acid
glutamine — histidine

Glucogenic amino aclds ghive py ruvate or intermediate of Krebs' cycle
All of which are transformed to ax aloacetate which can give glucose

proline — ornithine
arginine




Glucose-Alanine cycle

* Alanine is transported from muscle to liver,
transaminated = pyruvate = glucose

Glucose

glucose & pyruvated Jsais (pass | 28U Al (e Jii alanined! 3 J sl

* Glucose can enter glycolytic pathway to form
pyruvate which is transaminated = alanine

& o S pyruvate Libas s glycolysisd) Jax as 1 7 glucosed!) (pam
alanined Js4

* Glucose-alanine cycle is of primary importance in
conditions of starvation

(2) Urea gluconeogenesis

6 ATP
4 ATP
(2) -NH* (2) Pyruvate

% glutamate
A\ ™ 2-oxoglutarate

(2) Alanine -

* Importance
* Transfer of 3C of pyruvate to the liver to give glucose

e Transfer of NH3 in non-toxic form from muscle to liver Hepatocyte Muscleicel
to be converted to urea L o .
* Related to Cori cycle & cycled) gl 2aalé glucosed! # starvationd! vie Wil 4i) 8 Jle Ual

glucose b= olie liverd! (3 Carbons 4 ) pyruvated! Ja



GLUCOSE FROM GLYCEROL:

(Lbaia)) shortcut Jesh dalaall (sl 48] (s Haaall 5V
glucosed! J sasll lgd Hai (palise US &l sha i

<|:Hzo " Giyceroki PO Gcerola-p DH c|:H"’OH
cerokKinase CEerol-s- . . . .
CHOH ’ » (l)HOH - ; \. C=0 * Glycerol results from hydrolysis of TAG in adipose tissue
| Mg"’ | I . ) .
CHOH 75 ) \A‘DP CHO0-(P) nap' NADHHHT  CHO0—(P) (glycerol b s S8 Fatty acid s glycerol (» ¢35 TAGJ! 43Y)
Glycerol Glycerol-3-P Di“’EdD"f"?"f)cemne’P * In liver & kidney, glycerol is converted to glycerol 3-P
* Adipose tissue cannot utilise glycerol as it lacks
glycerol kinase enzyme
Aldolase Isomerase
F-6-P «—— Fructose-1,6-BP « DHAP is point of entry into gluconeogenesis
ti‘,Ho
(I:HOH * Glycerol release from adipose tissue is 1 in stress
.6- Gl
G-6-P——» ucose CH20'®

Glyceraldehyde-3-P

glycerokinased! G sk oo glycerol 3-PJ glycerold! Jisal hay Jelaill

o= Dihydroxyacetone-P (DHAP)J 4lisai ohy = 5 A5 (ATP <Blginl ax)
s Aldolase ik e s yall sl 25 glycerol-3-P DHJ ik
el glucose Lsay Jlie 43,k DHAPJ! JaS ) Isomerase



GLUCOSE FROM ODD CHAIN FATTY ACIDS: It is rare conversion

(Acetyl-CoA)n  CH, CO; CH,
Odd chain F.A | \ Carboxylase _ | . : : i | ,
ol — > CH,—CO-SCOA—™ —~ - \ > CH-CO-SCOA Propionate is not a significant gluconeogenic precursor
B-Oxidation Atp ) oan  Derived from catabolism of odd chain FA & isoleucine,

, valine, methionine, threonine
Propionyl-CoA Methyl-malonyl-CoA

odd chain FAJ) eSS (3 )k (e adde J paall 24 propionated)
amino acidsd) y=x

By, | Isomerase
e Even chain FAs cannot be converted to glucose as the

CO-SCOA pyruvate dehydrogenase reaction is strictly irreversible
. |
Glucose‘Reversal of glycolysis Oxaloacetate TCA-cycle (IJHQ * Propionate enters gluconeogenesis through the
CH, formation of succinyl coA which is converted to
(I:OOH oxaloacetate
Succinyl-CoA

oe propionyl-CoAd Jsai &ua odd chain FAJ) ¢« delall (ily
&b e methyl-malonyl-CoAd J =i & beta-oxidationd! G sk
o= succinyl-CoAd d sk (pamy (ATP USleind 5 5) carboxylased!

glucosed! I ¥ s 5 Krebs cycled) Jax & |isomerased) 2k



Energy requirements for gluconeogenesis

* Gluconeogenesis is a costly metabolic process

* Energy requirements for gluconeogenesis depends on starting point:
* |f start with pyruvate = 6 ATP
* |f start with oxaloacetate = 4 ATP
* |f start with glycerol > 2 ATP




Regulation of gluconeogenesis

* Gluconeogenesis and glycolysis are reciprocally regulated
* Inhibition of glycolysis = stimulation of gluconeogenesis ,Jalia aadais Gl 53 piilae gl U S Uil
o g o~y Al Ad agie Bas g () ¢S5 Lal Sy

* 4 key enzymes of gluconeogenesis: 35wl enzymesd 2 )

- Pyruvate carboxylase (PC) (irreversible reactionsd) usSe

* Phosphoenolpyruvate carboxykinase (PEPCK)
* Fructose 1, 6 —Bisphosphatase (F-1, 6-BPtase; the key enzyme) - (This one is the most key enzyme)
* Glucose-6-phosphatase (G-6-Ptase)

* Types of regulation

* Allosteric regulation
 Hormonal regulation

Sidie a9 &l Shg el K& e liel agll)




Allosteric regulation: Pyruvate carboxylase
* Allosterically activated by acetyl coA according to different conditions:

* Low energy status of cell 2 important to replenish oxaloacetate for directing TCA to
provide ATP

glucosed! 45) & ¢ Hypoglycaemia = acetyl coA produced from lipolysis & B oxidation of FAs:
(AL el * Promotes oxaloacetate synthesis (gluconeogenesis)
* Inhibits pyruvate dehydrogenase = blocks consumption of pyruvate

* High energy status of cells (excess CHO) = 1 acetyl coA - 1 in oxaloacetate (via
stimulation of pyruvate carboxylase) - to form citrate > enables FAsynthesis

Sae Cua Llla zlisg 585 438 avall LW sl covs Ci sy ) acetyl CoAd) gl iny
4y pd i (Sas sl FA synthesisd) 5l gluconeogenesisdle (Ses 5l TCA cyclew Jau



Allosteric regulation: fructose 1,6 biphosphatase

* The key enzyme of gluconeogenesis: F-1, 6-Bisphosphatase
which is allosterically inhibited by F-2, 6-BP

* Fructose-2, 6-Bisphosphate: [F-2, 6—-BP] is formed by
phosphorylation of F-6-P by the enzyme .- e s r2,6-8p0 cossitidee o
phosphofructokinase—2 (PFK-2) 2 4wl F-6-PJ) phosphorylationd

phosphofructokinase-2 4e



* Fructose-2, 6-Bisphosphate plays an important role in
regulation of glycolysis and gluconeogenesis.

* CHO feeding —T71T F-2, 6-BP >
— it allosterically stimulates PFK-1 and

— inhibits F-1, 6-BPtase — stimulates Glycolysis and inhibits
Gluconeogenesis

Swiadl galy 7 s | S UG F-2,6-BPJ) S i adi = carbohydratesd) (s 3 s daeS J sl dic
gluconeogenesisd ki s glycolysisd! jés 7 JAlbs F-1,6-Bpased! hxii JWll s PFK-1J)!

— So, glycolysis and Gluconeogenesis can’t occur at the same
time.

5AY) g Luall 3 (3 il g ~laall GlLul 5] aglll




Phosphofructo-
kinase-1
(PFK-1)

%

‘ Glycolysis |‘

®

Fructose-6-P
PFK-2
v €
Fructose-2, 68wy
Fructose-1,6-BP

‘ Gluconeogenesis I

Fructose-1,6-
Bisphosphatase




Hormonal regu lation Jec 32k e gluconeogenesisd! (s | su 3 S 54 3J) J saad

4 key enzymesd! synthesisd! (e &all) induction

» Glucagon, epinephrine & glucocorticoids 1 gluconeogenesis:
* Induce synthesis of 4 key gluconeogenic enzymes
« Pyruvate carboxylase, PEPC, G-6- phosphatase, F 1,6 bisphophatase

Repression/ inhibition of 3 key glycolytic enzymes (pyruvate kinase, PFK-1, glucokinase)

Promote lipolysis > 1 free FA > 1 acetyl coA - activates pyruvate carboxylase = Which will lead to
Gluconeogenesis

Release of glycerol - gives glucose in liver

Glucocorticoids: muscle proteind! JwSi (Jn 323) promotion Jdesi sala JS5 glucocorticoidsd)
« promotes proteolysis of muscle protein - release of free AA - oxidation of AA - intermediates
for gluconeogenesis
* Induces transaminases

 Insulin = inhibits gluconeogenesis
» Repressor of gluconeogenic enzymes
 Inducer of glycolytic enzymes



(3_palaally cas i) A aual gall (pardd paliae S0 aaand 408 J gaall (ala )

: aekonii Table 9.8. Regulatory enzymes of
ioirees e gluconeogenesis (compare with Table 9.3)
“ (+) Citrate (+)AMP il Enzyme Activation Inhibition
Fructose-1, 6-bis- (+) F-2, 6-P PFK = o
phosphatase (-) AMP (-) ATP PC Cortisol, Glucagon Insulin, ADP
H,0 (-)F-2,6-P () Citrate ADP AMM”", AQM CoA
Fructose-1, 6-bisphosphate PEPCK do Insulin
F-1,6-bis-1 do F-1,6-BP,
Fig. 9.32. Reciprocal regulation of PFK (glycolytic  phesphatase AMP
enzyme) and Fructose-1,6-bisphosphatase F-2,6-BP
(gluconeogenic enzyme) G-6-phos- do Insulin

phatase




Impaired gluconeogenesis  (uconeogenesis

* Decreased gluconeogenesis =2 lactic acidosis & hypoglycemia (could

cause brain damage)

* Blood glucose levels below 30-40mg/dL = severe hypoglycaemia
OS  braind! =t (Ses AU) hypoglycemia s lactic acidosis be e gluconeogenesisd) J& Wl
(starvation 4ls & adll)

. . . .
Causes of impaired gluconeogenesis ey S S g e i e B 55 ) 41 L
* Insufficiency of glucocorticoids, glucagon 2 gluconeogenesisJb i
* Severe liver disease = gluconeogenesisd il & 48 e 5l Jiverdy yual dleall (e 85-90% 43y 1k -
* Inherited deficiency of fructose 1,6 biphosphatase (hypoglycaemia, lactic acidosis, ketosis)

* Glucose 6-phosphatase deficiency (von Gierk’s disease ) =2 severe hypoglycemia**, lactic
acidosis and hepatomegaly wr e ateYl ) S 5 daga AP

. G-6-PJ) e S IS sadias gluconeogenesisd! sl glycogend) ik o glucosed! ¢Uac¥ pathwaysd!
JSLiall e La e 5 SEVERE fasting hypoglycemiad b 7 4ifi

ad) dala die o308 Caegdy culhia gl g Can jo e e ginl ) aglll




