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Diabetes mellitus (DM) 

Diabetes mellitus: is a disease affecting the metabolism of carbohydrates 

“CHO”, fat and protein due to deficiency in insulin. 

Metabolic effect of diabetes: 

- The blood sugar increase to high level (more than renal threshold)         

hyperglycemia         glucosuria 

- Liver glycogen falls to very low level, also there’s a decrease in 

muscle glycogen 

- Respiratory quotient (amount of O2 taken/ amount of CO2 excreted) 

falls from 1 to 0.71 indicating an increase in fat metabolism 

This quotient= 1 in normal conditions, but in diabetes respiratory 

quotient falls into 0.71 because glucose is not metabolized. 

- Ingested glucose is not metabolized and it is secreted in urine 

- The rate of tissue protein breakdown is accelerated (so increase in 

urea) 

 

Patient with diabetes mellitus do not use glucose as source of energy, 

but he depended upon the fat and protein, therefore there was a loss in 

his weight. 

- Injection of glucose in normal condition lead to increase in blood 

lactate and puruvate but in DM this does not happen 

- In diabetes large quantities of ketone bodies are produced ( β hudroxy 

butyric acid, acetoacetic and acetone) 

a-These compounds increase due to increase in fat oxidation 

b- Increase ketone bodies cause severe acidosis and depletion of alkali 

reserve as Na
+
, K

+ 
ions          coma          death 

- Excretion of large glucose and ketone bodies results in increase water 

retention in urine and osmotic pressure increase and cause polyuria. 

This lead to dehydration and sever thirst 

- There is increase in the rate of mobilization of triglycerides and fatty 

acids from adipose tissue 

Giving insulin improves all of these conditions. 

 

In diabetes we find that there are a number of tissues that do not 

require insulin for entrance of glucose in the cells (glucose can enter 

through diffusion or another mechanism without needing insulin). 
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So in these cells as result of blood hyperglycemia the intracellular 

glucose will increase because of glucose diffusion, the excess glucose 

is reduced to sorbitol by aldose reductase 

 

Part of the sorbitol is oxidized to fructose: 

Both fructose and sorbitol do not pass through the cell membrane and 

this will result in the accumulation of these substances that increase 

osmotic pressure in these cells causing water retention and this cause 

pathological changes due to decrease in nutrition of the cell. 

 

Some of the problems caused by accumulation of sorbitol are: 

1- Sorbitol accumulation in lens             cataract 

2- Sorbitol accumulation in eye             myopia 

3- Sorbitol elevation in the peripheral nerves             peripheral 

neuropathy (neuritis) 

4-  Sorbitol increase in erythrocytes will displace 2,3 

diphosphoglyceric acid, thus reducing carrying capacity of blood 

5- Other changes which includes vascular problems leading to 

neuropathy, retinopathy, renalpathy and atherosclerosis 

Diabetes mellitus lead also to basement membrane thickening in 

tissue as the small blood vessels and the renal glomeruli 

Basement membrane normally is made of fibrillar network of 

protein and its function is to support cells and to act as selective 

filter 

The basement membrane protein is a fibrousglycoprotein related to 

collagen and its biosynthesis is similar to collagen. The protein 

polypeptide undergoes hydroxylation and addition of sugar in the 

submucose (ribosome). 
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There are 2 types of diabetes: 

1- Juvenile diabetes: occur in children, caused by death of insulin 

secreting cells, this is known as insulin dependent diabetes 

(IDDM)        treated by taking insulin 

2- Mature diabetes: old age diabetes, occur after age of 50, 

caused by exhaustion of the insulin secreting cells, so that their 

secretion will not be enough for supplying the body demands 

and it’s called “ insulin independent diabetes” (NIDDM), 

treated by taking certain drugs such as sulpharil drugs that 

stimulate the pancreas to produce more insulin. 

 

 

Hexose monophosphate Shunt (H.M.S) 

Shunt means subway which returns to the same pathway. H.M.S is a subway 

from glycolysis used to convert hexoses into pentose and vice versa. It is very 

important shunt in synthesis of ribose and deoxyribose which needed to form 

RNA and DNA. 

This shuttle is demonstrated in the liver, lactatory mammary gland, active tissue 

like glands, adipose tissue, testes, adrenal gland and leukocytes. Tissues like 

striated muscle lack this shunt because of deficiency of enzyme glucose 6 

phosphate dehydrogenase 

Biologically importance of H.M.S 

- To produce riboses or pentoses needed for nucleic acid synthesis 

- Through this pathway we have the conversion of pentoses to hexoses and 

the opposite 

- Source of production of NADPH, a reducing agent in anabolic reactions, 

like synthesis of fatty acid, glutathione which is a powerful phagocytic 

that kills bacteria, but it’s not able of energy production while NADH is 

used for energy. 

In H.M.S there is no release of energy unless it’s transformed to NAD 

 

-glucose 6-phosphat by action of glucose-6-phosphat dehydrogenase is 

converted into 6 phosphogluconric acid. This reaction requires cofactor 

NADP to draw H and converts into NADPH which is very strong 
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reducing agent utilized in anabolic reactions while NADP used as source 

of energy as respiratory chain. 

- 6 phosphogluconic acid undergoes a process called oxidative 

decarboxylation by the action of complex enzyme 6 phospho gluconic 

acid dehydrogenase which takes also NADP as cofactor, by the action of 

complex enzyme, an intermediate complex called 6 phospho 3 keto 

gluconic bounded to the enzyme and NADPH is formed  

-Then decarboxylation occur and CO2 is released and Ribulose 5-

phosphat is formed and by the action of isomerase will yield ribose 5 

phosphate which used in the synthesis of RNA or reduced into Dioxy 

ribose 5 phosphate to be used in the synthesis of DNA 

 

Ribulose 5 phosphate and by the action of another enzyme epimerase will 

be converted into Xylulose 5 phosphate, both contain 5 C-atom 

- Now 2-carbon atoms contain keton group from xylose 5 phosphate will 

be added to ribos 5 phosphate forming a compound with 7- atoms called 

sedoheptulose and Xylulose 5 phosphate will be converted into 

glyceraldehydes (3C-atoms) this reaction is done by transketolase and 

requires (TPP) as cofactor. 

- Sedoheptulose and glyceraldehydes will undergo condensation and then 

split into 2 compounds which are : Fructose 6 phosphate (F6P) and 

Erythrose (4 carbon atoms). This reaction is done by transaldose that 

needs thiamine as a cofactor. 

- Now Erythrose by the action of transketolase will take 2 c-atoms from 

another xylulose5 phosphate to fructose 6 phosphate and glyceraldehyde 

3 phosphate which can enter glycolysis 

- Ribose found in food can metabolized by converting into ribose 5 

phosphate then by isomerise result in ribulose5 phosphate which can do 

pervious reaction to give F6P and glyceraldehydes 3 phosphate that 

produce energy through glycolysis. 

 

If we start with 6 moles of glucose we’ll get 6CO2+12NADPH+5 

Fructose ? 

6 glucose           6 glucose 6 phosphate            6 mole of phospho gluconic 

acid and we’ll get 6 NADPH 
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Dehydrogenation (oxidative decarboxylation) of 6 mol of 

phosphogluconic acid results in 6 mole of Ribulose 5 phosphate and we’ll 

get 6 CO2 and 6 NADPH 

6 moles of Ribulose 5 phosphate           4Xylulose 5 phosphate + 2Ribose 

5 phosphate  

2Xylulose 5 phosphate + 2Ribose 5 phosphate           2 glyceraldehydes 3 

phosphate+2 Sedoheptulose             

 2 glyceraldehydes 3 phosphate + Sedoheptulose                                               

2  Fructose 6phosphate + 2 Erythrose 4 phosphate 

2 Erythrose 4 phosphate+2 Xylulose 5 phosphate              2 Fructose 6 

phosphate +2 glyceraldehydes 3 phosphate            1 Fructose 6-phosphate 

So we need 6 NADPH + 6NADPH +6 CO2+2F6P+2 F6P + F6P+ 12 

NADPH + 6CO2=12 NADPH+CO2+5 fructose  

 

 

Striated muscle lack glucose 6 phosphatdehydrogenase enzyme, so can’t 

convert glucose            ribose then how they get their need of ribose? 

In this case we start with F6P and glyceraldehydes 3 phosphate and go 

backwards till the formation ribose 5 phosphate so they’ll form erythrose 

4 phosphate+ xylulose 5 phosphate, now xylulose 5 phosphate 

                  Ribulose 5 phosphate by epimeras and Ribulose 5 phosphate            

Ribose 5 phosphate by isomerase 
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Biochemical lesions of carbohydrate metabolism in RBC 

RBC is synthesized in the bone marrow and it has an average life span of 120 

days. It’s function is to carry O2 to the tissues and carry CO2 to the lungs. 

Mature RBC possesses 2 pathways: 

1- Glycolytic pathway: to produce energy and 2,3 diphosphoglyceric acid 

which play a role in delivery O2 to the tissue 

2- HMP-shunt: to yield NADPH which helps to maintain the sulfahydryl 

group (-SH) of glutathione cell membrane, protein and Hb.  

 Examples of compound containing –SH are: 

a- glyceraldehydes 3 phosphate dehydrogenas 

b- Lactate dehydrogenase 

c- Aldolase 

 The normal RBC production is controlled by “erythropoietin” 

hormone which stimulates the mRNA in bone marrow and thus 

stimulates RBC production. Erythropoietin is extracted in blood 

by the presence of erythropoietic factors that comes from liver 

and kidney which is stimulated by hypoxia and low RBC rate 

 Drugs causing a decrease in number of circulating RBC either 

through: 

a- Impaired production of the bone marrow (bone marrow 

aplacia) due to chloramphenicol which is an antibiotic 

causes anaemia in high doses by bone marrow destruction 

b- Destruction of RBC (haemolysis) caused by a variety of 

chemical compound 

 

Factors causing haemolysis of RBC 

1- Damage to cell membrane due to oxidation of SH group in cell membrane to 

form disulfides(SH              S-S) 

2- Inactivation of glyceraldehydes 3 phosphatedehydrogenas due to oxidation 

of SH group in the enzyme in it’s active site and thus it will cause a decrease 

in amount of energy in the cell causing hemolysis to the RBC 

3- Degradation of Hb and shifting of the equilibrium between HbO2 (oxy 

hemoglubin) and metHb (methyl hemoglubin) due to lack of the enzyme 

Glutathione peroxidase which hydrolyze H2O2  

H2O2              H2O + oxidized glutathione 

4- Biochemical lesion in the synthesis of glutathione 
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Body glutathione made of 3 amino acids which are: glutamate, cystine and 

glycine. There are 2 forms of glutathione (oxidized and reduced) and as 

following: 

 

 

5 Glutathione reductase (flavo protein) deficiency as in Vit. B12  

deficiency gives RBC haemolysis 

6- Other deficiency in production of NADPH.H 

 

Glucose 6 phosphate dehydrogenase deficiency 

This occur due to genetic defect that causes decrease in the amount of NADPH 

in the cell  

NADPH act as reducing power that is used to convert oxidized glutathione 

(GSSG) into reduced glutathione (GSH) by the action of glutathione reductase 

GSH is used to remove the excess hydrogen peroxide H2O2 (that can be formed 

during metabolism) because high amount of H2O2 in the cell causes damage to 

molecules such as SH group (such as cell membrane, enzyme, Hb) so it can 

destroy Hb and result met Hb so GSH is used to keep the SH group 

Now if there is a decrease in the amount of NADPH there will be decrease in 

amount of GSH so the ability to remove peroxide from cell will also decrease 
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therefore the amount of oxidizing agents and peroxide will increase causing 

oxidation to SH group in cell membrane, enzyme, Hb so causing hemolysis of 

RBC. 

Some drugs if administered to people (having this genetic defect) may cause 

haemolytic anaemia some of these drugs: 

1- Antimalaria drugs: primaquine, pamaquine 

2- Sulphonamide: sulphapyridine, sulphanilamide and sulphacetamide 

3- Analgesics: acetanilide 

4- Ingestion of vicia fava beans: nephthaline, phenyl hydrazine 

 

Fava beans have this effect because during it’s growing it will develop a 

fungus and this fungus will produce the toxic fava (favism) so if this fava 

beans is given to person having deficiency of glucose 6 phosphate 

dehydrogenase. This will causes hemolysis to RBC because the cells have 

no ability to remove this toxic substance due to decrease NADPH and 

thus decrease GSH 

 

 

 

 

 

 

 

 

 

 


