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Lymphatic Vessels

• One main lymph vessel receives lymph from the right 
upper arm and the right side of the head and the thorax 
and empties into the vascular system at the junction of 
the right internal jugular vein and right subclavian 
vein.

• The other one, the thoracic or left lymphatic duct 
which is much larger, drains lymph from the left upper 
arm, left side of the head and thorax, and digestive 
organs, pelvis, and legs and empties into the vascular 
system at the junction of the left internal jugular vein and 
left subclavian vein



• These facts are clearly illustrated in the 
next three slides 3,4 & 5).

• This is not a mere technical point   this is a 
fundamental issue of digestion and 
absorption of fat.  









Lymph capillaries 
converge to become 
collecting vessels 
and end up as either
Thoracic duct or 
right lymphatic duct

Thoracic (left lymphatic) duct

Left subclavian vein

Right 
lymphatic 
duct

Right 
subclavian 
vein

Cysterna Chyli



• Note that in the next three slides (7, 8 & 9) 
that long chain fatty acids and 
monoglycerides are taken up by 
chylomicrons in the lacteals!

• AGAIN this is NOT a mere technical point   
this is a fundamental issue of digestion 
and absorption of fat. 





Lymphatic Vessels

• Lymphatic capillaries
– Lacteals

• Specialized lymphatic 
capillaries found in the 
villi of the intestinal 
mucosa

• Assist in the absorption 
of digested fats from 
the small intestine

• Contain a milky white 
lymph known as chyle





• Lets see the next major issue we must 
grasp in metabolism.

• NOTE THE IMPORTANCE OF ACETYL 
CoA IN MATABOLISM.

• Note  if you use carbs its converted to 
pyruvate and then ACETYL CoA!

• If you use FATS its converted to ACETYL 
CoA!

• If you use proteins (i.e eat lots of meat 
then) its converted to ACETYL CoA 
directly, or via pyruvate!



Overview of Human Metabolism
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Lipid Metabolism



Degradation of aminoacids 
gives intermediates 

for saccharides and lipid synthesis

The twenty common amino acids are degraded to a total of 
seven different compounds, all of which are related to the citric 

acid cycle: 





Overview of Metabolism



• Have you got it yet friends?

• ACETYL CoA  is FUNDAMENTAL IN 
METABOLISM.



• Now let me tell it to you one more time 
{this one is especially for the laymen} LOL 
(as if medical students for whom these 
notes are  written are not essentially 
laymen)   LOL

• BUT ALL YOU NEED GRASP IS  THE 
CENTRAL ROLE OF ACETYL CoA! 



• When we eat food such as a tuna fish sandwich, the 
polysaccharides, lipids, and proteins are digested to 
smaller molecules that are absorbed into the cells of our 
body. As these molecules of glucose, fatty acids, and 
amino acids are broken down further, energy is released. 

• This energy is used in the cells to synthesize high—energy 
compounds such as adenosine triphosphate (ATP). Our 
cells utilize ATP energy when they do work such as 
contracting muscles, synthesizing large molecules, 
sending nerve impulses, and moving substances across 
cell membranes.

• All the chemical reactions that take place in living cells to 
break down or build molecules are known as metabolism. 
In a metabolic pathway, reactions are linked together in a 
series, each catalyzed by a specific enzyme to produce an 
end product. 



• The term metabolism refers to all the chemical 
reactions that provide energy and the 
substances required for continued cell growth. 

• There are two types of metabolic reactions: 
catabolic and anabolic. 

• In catabolic reactions, complex molecules are 
broken down to simpler ones with an 
accompanying release of energy. 

• Anabolic reactions utilize energy available in the 
cell to build large molecules from simple ones.

• Using the tuna fish sandwich for our example, 
we  can think of the catabolic processes in 
metabolism as consisting of three stages, as 
indicated in the next slide. 



Energy generation occurs in 3 
stages







• In stage I of metabolism, the processes of 
digestion break down the large macromolecules 
into small monomer units by hydrolysis. 

• For example, the polysaccharides in bread break 
down to monosaccharides, the lipids in the 
mayonnaise break down to glycerol and fatty 
acids, and the proteins from the tuna yield amino 
acids. 

• These digestion products diffuse  into the 
bloodstream for transport to cells. 



• In stage 1, we see that the hydrolysis of 
complex molecules that take place in the 
stomach during digestion converts 
complex molecules such as 
carbohydrates, proteins and fats into their 
component building blocks, or monomeric 
units, i.e amino acids, glucose, fructose, 
galactose, glycerol, and fatty acids etc.   



• In stage 2 of metabolism, digestion products 
are further broken down in body cells to two- 
and three—carbon compounds such as 
pyruvate and acetyl CoA. 

• In stage 2 of metabolism, there is conversion of 
the digestion products (building blocks) to key 
simple intermediates such as acetylCoA or 
other simple molecules.

• A small amount of energy is usually captured as 
ATP in the process. But the amount is small 
compared to that produced during the third 
stage of metabolism. 



• Stage 3 begins with the oxidation of the two-
carbon acetyl CoA in the citric acid cycle, 
which produces several reduced 
coenzymes. 

• As long as the cells have oxygen, the 
hydrogen ions and electrons are transferred 
to the electron transport chain, where most 
of the energy in the cell is produced. 

• This energy is used to synthesize adenosine 
triphosphate (ATP), which provides energy 
for the anabolic pathways in the cell.



• The citric acid cycle is the final common 
pathway in the oxidation of fuel molecules. In 
stage 3 of metabolism, citric acid is a final 
common catabolic intermediate in the form of 
acetylCoA.

• AcetylCoA is oxidized to two CO2, and 4 
pairs of electrons are transferred to the 
coenzymes NAD+ and FAD to produce NADH 
and FADH2.

• Large amounts of energy are generated as 
the electrons from NADH and FADH2 flow to 
oxygen in oxidative phosphorylation.
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• So if you eat lots of fat whether saturated or 
unsaturated   YOU WILL MAKE LOTS OF 
ACETYLCoA!

• IF YOU EAT LOTS OF CARBS YOU WILL 
MAKE LOTS OF ACETYLCoA!

• If you eat lots of fries and oily fried chicken 
YOU WILL MAKE LOTS OF ACETYLCoA!

• In the next slide we see one of the things that 
happens when you have excess acetylCoA 
units… YOU MAKE KETONE BODIES.





• WHERE  ARE THEY ARE MADE?
• The major site of production of acetoacetate 

and 3-hydroxybutyrate is the liver.
• Ketone bodies are produced in the liver 

when the amount of acetylCoA exceeds the 
oxidative capacity of the liver……….when 
there is excess acetylCoA in the blood.



• Ketone bodies are produced in the liver 
when the amount of acetylCoA exceeds the 
oxidative capacity of the liver……….when 
there is excess acetylCoA in the blood.

• Normally, when fat and carbohydrate 
degradation are appropriately balanced, 
the acetyl CoA formed in fatty acid 
oxidation enters the citric acid cycle.



• But during high rates of fatty acid 
oxidation  (as occurs in states such as 
diabetes, fasting and starvation), when 
carbohydrates are not available to meet 
energy needs, or are properly utilized, the 
body breaks down body fat by a process 
called beta oxidation of fats. 

• Under these conditions, when fatty acid 
degradation predominates, and occurs 
more rapidly than glycolysis, large and 
excessive amounts of acetyl-CoA are 
generated from fatty acids, but little 
oxaloacetate is generated from pyruvate.



• But during high rates of fatty acid 
oxidation …………….when fatty acid 
degradation predominates, and occurs 
more rapidly than glycolysis, large and 
excessive amounts of acetyl-CoA are 
generated from fatty acids, by beta 
oxidation of fats, but little oxaloacetate is 
generated from pyruvate.

•  



• The large amounts of acetyl-CoA generated 
exceeds the capacity of the TCA cycle to 
function, since entry of acetyl CoA into the 
TCA depends on the availability of 
oxaloacetate for the condensation reaction 
that forms citrate to start the TCA. 

• But the supply of oxaloacetate is too low to 
allow all of the acetyl CoA that is made in the 
increased fat and protein breakdown that 
accompanies these states to enter the citric 
acid cycle. 

• So this pathway becomes very limited in its 
function. 



• In such circumstances when 
oxaloacetate levels  are too low, 
oxaloacetate is diverted from entering 
the citric acid cycle to gluconeogenesis 
to form glucose and is thus unavailable 
for condensation with acetyl CoA. 

• The excess acetyl CoA from the beta-
oxidation pathway or protein 
degradation is diverted to form the 
ketone bodies acetone, acetoacetate 
and  β-hydroxybutyrate.



• Ketone bodies are thus produced in the course 
of breakdown of fatty acids, in states when 
fatty acid breakdown predominates, because at 
some point beta oxidation reaches the point where 
the fatty acid is degraded to the 4-carbon 
acetoacetyl CoA. 

• Acetoacetyl CoA can either:
• 1- break down further to acetyl CoA,
• 2-  be used for synthesis of cholesterol and its 

many derivatives, or .
• 3- be converted to the ketones (acetoacetate (C4), 

hydroxybutyrate (C4), and acetone (C3), in the 
process of ketogenesis.



• When there are elevated levels of ketone 
bodies in the blood, the blood pH becomes 
acidic, and can lead to death due to  ketosis 
or ketoacidosis , which can often be 
detected by the odor of acetone on the 
breath.

• Because two of the ketone bodies are acids, 
they can lower the blood pH below 7.4, 
which is acidosis, a condition that often 
accompanies ketosis. 

• A drop in blood pH can interfere with the 
ability of the blood to carry oxygen and 
cause breathing difficulties.



• NOTE  that the first two reactions in 
cholesterol biosynthesis are shared by the 
pathway that  produces ketone bodies. 

• Liver parenchymal cells contain two 
isoenzyme forms of HMG CoA synthase: the 
one in the cytosol is involved in cholesterol 
synthesis, while the other has a 
mitochondrial location and functions in the 
synthesis of ketone bodies.



Two Fates of HMG-CoA



• Friends  do you think that these 
Betzpaenic folk got it yet?
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