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Q1• Define starvation and what are the Metabolic changes takes places during starvation? 
Starvation Definition

 Defined medically in two parts and that is the act or process of starving and the condition of being starved

Types of Starvations 

1• Acute
 (results from sudden stoppage of food.) 
2•Chronic 

(results from gradual deficient supply of food.)

Causes
• Famine (Scarcity) 

• Trapped in pits, mines

 • Neglect on part of parents

 • Willful withholding of food

 • Willful refusal to take food Causes

Post mortem appearances

External examination
 • In children, skeleton shows spinal curvature, rickets and dental defects

 • Face is pale, the skin inelastic and pigmented

 • Edema around ankles and inside the thighs, in wet type there is marked edema, ascites and pleural effusion

 • Eyes are sunken, cheek bones appear prominent 

• Hair is dry, lusterless and brittle 

External examination

  • Tongue is dry and thickly coated 

• Nails are brittle and ridged

 • Limbs are almost skeletal 

• Ribs are prominent. 

• Abdomen is scaphoid 

• Fat of female breast and orbit spared till late 

 Internal examination
 • Loss of adipose tissue from omentum ,mesentery and perirenal fat stores

 • Atrophy of organs(except brain) with reduction in size, shows changes similar to premature senility • Heart is small from brown atrophy 

• Lungs are pale and collapsed

 • Stomach and intestine shows atrophy of all coats and mucosa is stained with bile 

Internal Examination

Bowel contain offensive watery fluid and gas 

• Liver is atrophied show necrosis due to protein deficiency

 • Spleen is shrunken

 • Gall bladder is distended with bile

 • Kidneys shows atrophy of nephrons 

• Blood volume is markedly reduced

 • There may be some evidence of some incurrent disease

Medicolegal importance
•Starvation may be homicidal, victim is usually infant, or aged

• Baby-farmer is a condition in which children is starved by their parents and guardians. •Starvation may be accidental if person is caught/entombment in mines, earthquake, or landslides

Change in fat metabolism

 •starvation enhanced secretions of glucocorticoids, glucagon, and adrenaline

  •hormone sensitive lipase of the adipose tissue 

•mobilize large amounts of fatty acids from adipose tissue to the liver for oxidation.

 Ketosis results enhanced beta oxidation and a failure to oxidize the acetyl CoA 

Fatty  acid synthesis is reduced 

 elevated plasma levels of long chain fatty acids inhibit acetyl CoA carboxylase 

 Reduce the outflow of mitochondrial citrate for cytoplasmic Lipogenesis 

 the decline in insulin secretion prevents the induction of NADPH generating malic enzyme and glucose 6 phosphate dehydrogenase

Lipoprotein lipase activity declines in the adipose tissue, but rises in cardiac and skeletal muscles. 

 start using fatty acids as their principal energy source 

 no stored glycogen so it uses significant amounts of ketone bodies from about the 5th day of starvation 

 Starvation ketosis is more pronounced in females than in males, and in children than in adults. Ketosis and ketonuria produce acidosis and enhance urinary ammonia pulmonary ventilation and CO2 elimination.

• Starvation may be suicidal, persons fast voluntarily for the purpose of exhibition, public attention

• Psychiatric cause (Paranoid schizophrenia, Senile dementia, hysteria) these persons may refuse to eat or spend money on food, clothes. 

Changes in protein metabolism 

 Negative N balance results from increased protein catabolism for gluconeogesis and energy production 

 Breakdown tissue proteins lowers the body protein by more than 25% and the resulting decrease in the cell mass reduces the intracellular fluid volume 

 Intestine, liver, spleen, heart and muscles atrophy considerably due to protein catabolism

Intestinal atrophy severely restricts digestion and absorption 

 Atrophic changes of the heart lower the cardiac output to produce hypertension and circulatory failure. 

 protein catabolism lowers the secretion of insulin, thyroxin and gonadotropins, and causes failures of reproduction and lactation. 

 NPN and urea are reduced while neutral sulfur and uric acid are increased in urine

 Changes in water and mineral metabolisms 

 prolonged starvation, extensive cellular distengration lowers the intracellular K+,total body K+ and the intracellular fluid volume. 

 fluid (ECF) is reduced in the first few days due to increased water loss, 

 Low serum albumin contributes to the production of edema 

 Glomerular filtration is reduced and metabolic water is elevated•

Q2• write clinical significance of some of the enzymes ?

 Clinical significance of enzymes 

Enzyme units 

( one micromole of substrate conversion / per minute/l of serum sample ( IU /l )

 Standard international 
/SYSTEM INTERNATIONAL /KATAL (catalytic activity ) number of moles of substrate transformed /second /l of sample

 KAT Or K( IU= 60 MICROKATAL )

Techniques for estimation of enzymes

 • Colorimetry /spectrophotometry 

• Fluorometry 

• RIA • ELISA 

• Chemiluminescence

 Factors affecting enzyme estimations

 1. Age

 2. Sex

 3. Pregnancy

 4. Time of sampling

 5. Temperature 

6. p H

 7. Substrate concentration 

8. Product concentration 

9. Presence of drugs in plasma 

 strict control on estimation of enzyme is needed

CLINICAL SIGNIFICANCE OF ENZYMES 

Enzyme function Normal range Occurrence Clinical significance Aldolase F1,6 P 

Phosphate 1.5-7.2micromoles /l Myocardium Skeletal muscles liver Sensitive index in muscle wasting Muscular dystrophy Poliomyelitis Myasthenia Gravis α-Amylase Starch 

Maltose Serum – 50-120 IU/L URINE < 375 IU /L Salivary gland Pancreas placenta MUMPS > 1000IU/L Ectopic pregnancy Acute pancreatitis Acid phosphatase ( optimum p H) Hydrolysis of esters of phosphoric acid 2.5 – 12 IU /L Prostrate RBC WBC Platelet semen PROSTRATE CANCER FORENSIC RAPE CASE PSA-PROSTRATE SENTSITIVE ANTIGEN (SERINE PROTEASE ) 1 -5 MICROGRAM /L Prostrate semen ( LIQUIFICATION OF COAGULUM ) PROSTRATE CANCER ( > 10 MICROGRAM /L )BEFORE RECTAL EXAMINATION BENIGN PROSTRATE ENLARGEMENT (5- 10 MICROGRAM /L )

ASPARTATE TRANSAMINASE (AST/SGOT ) 

Pranciple  OF ESTIMATION OF SGOT α KGA +Aspartate ↔ Glutamate + Oxaloacetate ↓ Pyruvate Pyruvate +DNPH  BROWN COLOR COMPLEX ( Alkaline pH ) 

 Significance of SGPT

 1. Normal range of Serum SGOT = 2-20 IU/L

 2. Significant increase observed in Myocardial Infarction 

3. Moderate increase observed in liver disease including Hepatoma

 4. Isoenzymes –Cytosolic ( Mild Injury )/Mitochondrial (Severe Injury )

Q2(A) Gamma - glutamyl transferase • 

What is a gamma-glutamyl transferase (GGT) test:

A gamma-glutamyl transferase (GGT) test measures the amount of GGT in the blood. GGT is an enzyme found throughout the body, but it is mostly found in the liver. When the liver is damaged, GGT may leak into the bloodstream. High levels of GGT in the blood may be a sign of liver disease or damage to the bile ducts. Bile ducts are tubes that carry bile in and out of the liver. Bile is a fluid made by the liver. It is important for digestion.

A GGT test can't diagnose the specific cause of liver disease. So it is usually done along with or after other liver function tests, most often an alkaline phosphatase (ALP) test. ALP is another type of liver enzyme. It's often used to help diagnose bone disorders as well as liver disease.

Other names: gamma-glutamyl transpeptidase, GGTP, Gamma-GT, GTP•

Q2(B) Glucose -6 - phosphate dehydrogenase• 

Glucose 6-P Dehydrogenase 

. Introduction 

Glucose 6-phosphate dehydrogenase (G6PD) deficiency is an inherited disease • This disease characterized by hemolytic anemia caused by the inability to detoxify oxidizing agents. • G6PD deficiency is X-linked. • Clinical manifestation of G6PD deficiency is neonatal jaundice appearing 1–4 days after birth.

Role of G6PD inside RBCs

 • Diminished G6PD activity impairs the ability of the cell to form the NADPH that is essential for the maintenance of the reduced glutathione pool. This results in a decrease in the cellular detoxification of free radicals and peroxides formed within the cell. • Glutathione also helps maintain the reduced states of sulfhydryl groups in proteins, including hemoglobin. Oxidation of those sulfhydryl groups leads to the formation of denatured proteins that form insoluble masses (called Heinz bodies) that attach to the red cell membranes.

Heinz bodies

 • Additional oxidation of membrane proteins causes the red cells to be rigid (less deformable), and they are removed from the circulation by macrophages in the spleen and liver.

. Why G6PD deficiency has more effect on RBCs ? 

• Although G6PD deficiency occurs in all cells of the affected individual, it is most severe in erythrocytes, where the pentose phosphate pathway provides the only means of generating NADPH.

 • The erythrocyte has no nucleus or ribosomes and cannot renew its supply of the enzyme. Thus, red blood cells are particularly vulnerable to enzyme variants with diminished stability.

Question 3:  How electrones transfer takes place in electrones transport chain? 

[image: image1.jpg]Elechit- Trndiiieeon \





Electron Transport Chain Definition
The electron transport chain is a cluster of proteins that transfer electrons through a membrane within mitochondria to form a gradient of protons that drives the creation of adenosine triphosphate (ATP). ATP is used by the cell as the energy for metabolic processes for cellular functions.
Where Does the Electron Transport Chain Occur?
During the process, a proton gradient is created when the protons are pumped from the mitochondrial matrix into the intermembrane space of the cell, which also helps in driving ATP production. Often, the use of a proton gradient is referred to as the chemiosmotic mechanism that drives ATP synthesis since it relies on a higher concentration of protons to generate “proton motive force”. The amount of ATP created is directly proportional to the number of protons that are pumped across the inner mitochondrial membrane.
The electron transport chain involves a series of redox reactions that relies on protein complexes to transfer electrons from a donor molecule to an acceptor molecule. As a result of these reactions, the proton gradient is produced, enabling mechanical work to be converted into chemical energy, allowing ATP synthesis. The complexes are embedded in the inner mitochondrial membrane called the cristae in eukaryotes. Enclosed by the inner mitochondrial membrane is the matrix, which is where necessary enzymes such as pyruvate dehydrogenase and pyruvate carboxylase are located. The process can also be found in photosynthetic eukaryotes in the thylakoid membrane of chloroplasts and in prokaryotes, but with modifications.
By-products from other cycles and processes, like the citric acid cycle, amino acid oxidation, and fatty acid oxidation, are used in the electron transport chain. As seen in the overall redox reaction,
2 H+ + 2 E+ + ½ O2 → H2O + ENERGY
energy is released in an exothermic reaction when electrons are passed through the complexes; three molecules of ATP are created. Phosphate located in the matrix is imported via the proton gradient, which is used to create more ATP. The process of generating more ATP via the phosphorylation of ADP is referred to oxidative phosphorylation since the energy of hydrogen oxygenation is used throughout the electron transport chain. The ATP generated from this reaction go on to power most cellular reactions necessary for life.
Steps of the Electron Transport Chain
In the electron transfer chain, electrons move along a series of proteins to generate an expulsion type force to move hydrogen ions, or protons, across the mitochondrial membrane. The electrons begin their reactions in Complex I, continuing onto Complex II, traversed to Complex III and cytochrome c via coenzyme Q, and then finally to Complex IV. The complexes themselves are complex-structured proteins embedded in the phospholipid membrane. They are combined with a metal ion, such as iron, to help with proton expulsion into the intermembrane space as well as other functions. The complexes also undergo conformational changes to allow openings for the transmembrane movement of protons.
These four complexes actively transfer electrons from an organic metabolite, such as glucose. When the metabolite breaks down, two electrons and a hydrogen ion are released and then picked up by the coenzyme NAD+ to become NADH, releasing a hydrogen ion into the cytosol.
The NADH now has two electrons passing them onto a more mobile molecule, ubiquinone (Q), in the first protein complex (Complex I). Complex I, also known as NADH dehydrogenase, pumps four hydrogen ions from the matrix into the intermembrane space, establishing the proton gradient. In the next protein, Complex II or succinate dehydrogenase, another electron carrier and coenzyme, succinate is oxidized into fumarate, causing FAD (flavin-adenine dinucleotide) to be reduced to FADH2. The transport molecule, FADH2 is then reoxidized, donating electrons to Q (becoming QH2), while releasing another hydrogen ion into the cytosol. While Complex II does not directly contribute to the proton gradient, it serves as another source for electrons.
Complex III, or cytochrome c reductase, is where the Q cycle takes place. There is an interaction between Q and cytochromes, which are molecules composed of iron, to continue the transfer of electrons. During the Q cycle, the ubiquinol (QH2) previously produced donates electrons to ISP and cytochrome b becoming ubiquinone. ISP and cytochrome b are proteins that are located in the matrix that then transfers the electron it received from ubiquinol to cytochrome c1. Cytochrome c1 then transfers it to cytochrome c, which moves the electrons to the last complex. (Note: Unlike ubiquinone (Q), cytochrome c can only carry one electron at a time). Ubiquinone then gets reduced again to QH2, restarting the cycle. In the process, another hydrogen ion is released into the cytosol to further create the proton gradient.
The cytochromes then extend into Complex IV, or cytochrome c oxidase. Electrons are transferred one at a time into the complex from cytochrome c. The electrons, in addition to hydrogen and oxygen, then react to form water in an irreversible reaction. This is the last complex that translocates four protons across the membrane to create the proton gradient that develops ATP at the end.
As the proton gradient is established, F1F0 ATP synthase, sometimes referred to as Complex V, generates the ATP. The complex is composed of several subunits that bind to the protons released in prior reactions. As the protein rotates, protons are brought back into the mitochondrial matrix, allowing ADP to bind to free phosphate to produce ATP. For every full turn of the protein, three ATP is produced, concluding the electron transport chain.

Question 4: Write note on metabolism of carbohydrate? 
Carbohydrate metaboliasm
Carbohydrates are organic molecules composed of carbon, hydrogen, and oxygen atoms. The family of carbohydrates includes both simple and complex sugars. Glucose and fructose are examples of simple sugars, and starch, glycogen, and cellulose are all examples of complex sugars. The complex sugars are also called polysaccharides and are made of multiple monosaccharide molecules. Polysaccharides serve as energy storage (e.g., starch and glycogen) and as structural components (e.g., chitin in insects and cellulose in plants).
During digestion, carbohydrates are broken down into simple, soluble sugars that can be transported across the intestinal wall into the circulatory system to be transported throughout the body. Carbohydrate digestion begins in the mouth with the action of salivary amylase on starches and ends with monosaccharides being absorbed across the epithelium of the small intestine. Once the absorbed monosaccharides are transported to the tissues, the process of cellular respiration begins (Figure 1). This section will focus first on glycolysis, a process where the monosaccharide glucose is oxidized, releasing the energy stored in its bonds to produce ATP.
Glycolysis
Glucose is the body’s most readily available source of energy. After digestive processes break polysaccharides down into monosaccharides, including glucose, the monosaccharides are transported across the wall of the small intestine and into the circulatory system, which transports them to the liver. In the liver, hepatocytes either pass the glucose on through the circulatory system or store excess glucose as glycogen. Cells in the body take up the circulating glucose in response to insulin and, through a series of reactions called glycolysis, transfer some of the energy in glucose to ADP to form ATP (Figure 2). The last step in glycolysis produces the product pyruvate.
Glycolysis begins with the phosphorylation of glucose by hexokinase to form glucose-6-phosphate. This step uses one ATP, which is the donor of the phosphate group. Under the action of phosphofructokinase, glucose-6-phosphate is converted into fructose-6-phosphate. At this point, a second ATP donates its phosphate group, forming fructose-1,6-bisphosphate. This six-carbon sugar is split to form two phosphorylated three-carbon molecules, glyceraldehyde-3-phosphate and dihydroxyacetone phosphate, which are both converted into glyceraldehyde-3-phosphate. The glyceraldehyde-3-phosphate is further phosphorylated with groups donated by dihydrogen phosphate present in the cell to form the three-carbon molecule 1,3-bisphosphoglycerate. The energy of this reaction comes from the oxidation of (removal of electrons from) glyceraldehyde-3-phosphate. In a series of reactions leading to pyruvate, the two phosphate groups are then transferred to two ADPs to form two ATPs. Thus, glycolysis uses two ATPs but generates four ATPs, yielding a net gain of two ATPs and two molecules of pyruvate. In the presence of oxygen, pyruvate continues on to the Krebs cycle (also called the citric acid cycle or tricarboxylic acid cycle (TCA), where additional energy is extracted and passed on.
Glycolysis can be divided into two phases: energy consuming (also called chemical priming) and energy yielding. The first phase is the energy-consuming phase, so it requires two ATP molecules to start the reaction for each molecule of glucose. However, the end of the reaction produces four ATPs, resulting in a net gain of two ATP energy molecules.
Glycolysis can be expressed as the following equation:
\displaystyle \text{Glucose}+2\text{ATP}+2\text{NAD}^{+}+4\text{ADP}+2\text{P}_{i}\to\text{Pyruvate}+4\text{ATP}+2\text{NADH}+2\text{H}^{+}Glucose+2ATP+2NAD​+​​+4ADP+2P​i​​→Pyruvate+4ATP+2NADH+2H​+​​
This equation states that glucose, in combination with ATP (the energy source), NAD+ (a coenzyme that serves as an electron acceptor), and inorganic phosphate, breaks down into two pyruvate molecules, generating four ATP molecules—for a net yield of two ATP—and two energy-containing NADH coenzymes. The NADH that is produced in this process will be used later to produce ATP in the mitochondria. Importantly, by the end of this process, one glucose molecule generates two pyruvate molecules, two high-energy ATP molecules, and two electron-carrying NADH molecules.
The following discussions of glycolysis include the enzymes responsible for the reactions. When glucose enters a cell, the enzyme hexokinase (or glucokinase, in the liver) rapidly adds a phosphate to convert it into glucose-6-phosphate. A kinase is a type of enzyme that adds a phosphate molecule to a substrate (in this case, glucose, but it can be true of other molecules also). This conversion step requires one ATP and essentially traps the glucose in the cell, preventing it from passing back through the plasma membrane, thus allowing glycolysis to proceed. It also functions to maintain a concentration gradient with higher glucose levels in the blood than in the tissues. By establishing this concentration gradient, the glucose in the blood will be able to flow from an area of high concentration (the blood) into an area of low concentration (the tissues) to be either used or stored. Hexokinase is found in nearly every tissue in the body. Glucokinase, on the other hand, is expressed in tissues that are active when blood glucose levels are high, such as the liver. Hexokinase has a higher affinity for glucose than glucokinase and therefore is able to convert glucose at a faster rate than glucokinase. This is important when levels of glucose are very low in the body, as it allows glucose to travel preferentially to those tissues that require it more.
In the next step of the first phase of glycolysis, the enzyme glucose-6-phosphate isomerase converts glucose-6-phosphate into fructose-6-phosphate. Like glucose, fructose is also a six carbon-containing sugar. The enzyme phosphofructokinase-1 then adds one more phosphate to convert fructose-6-phosphate into fructose-1-6-bisphosphate, another six-carbon sugar, using another ATP molecule. Aldolase then breaks down this fructose-1-6-bisphosphate into two three-carbon molecules, glyceraldehyde-3-phosphate and dihydroxyacetone phosphate. The triosephosphate isomerase enzyme then converts dihydroxyacetone phosphate into a second glyceraldehyde-3-phosphate molecule. Therefore, by the end of this chemical- priming or energy-consuming phase, one glucose molecule is broken down into two glyceraldehyde-3-phosphate molecules.
The second phase of glycolysis, the energy-yielding phase, creates the energy that is the product of glycolysis. Glyceraldehyde-3-phosphate dehydrogenase converts each three-carbon glyceraldehyde-3-phosphate produced during the
energy-consuming phase into 1,3-bisphosphoglycerate. This reaction releases an electron that is then picked up by NAD+ to create an NADH molecule. NADH is a high-energy molecule, like ATP, but unlike ATP, it is not used as energy currency by the cell. Because there are two glyceraldehyde-3-phosphate molecules, two NADH molecules are synthesized during this step. Each 1,3-bisphosphoglycerate is subsequently dephosphorylated (i.e., a phosphate is removed) by phosphoglycerate kinase into 3-phosphoglycerate. Each phosphate released in this reaction can convert one molecule of ADP into one high- energy ATP molecule, resulting in a gain of two ATP molecules.
The enzyme phosphoglycerate mutase then converts the 3-phosphoglycerate molecules into 2-phosphoglycerate. The enolase enzyme then acts upon the 2-phosphoglycerate molecules to convert them into phosphoenolpyruvate molecules. The last step of glycolysis involves the dephosphorylation of the two phosphoenolpyruvate molecules by pyruvate kinase to create two pyruvate molecules and two ATP molecules.
In summary, one glucose molecule breaks down into two pyruvate molecules, and creates two net ATP molecules and two NADH molecules by glycolysis. Therefore, glycolysis generates energy for the cell and creates pyruvate molecules that can be processed further through the aerobic Krebs cycle (also called the citric acid cycle or tricarboxylic acid cycle); converted into lactic acid or alcohol (in yeast) by fermentation; or used later for the synthesis of glucose through gluconeogenesis.
Anaerobic Respiration
When oxygen is limited or absent, pyruvate enters an anaerobic pathway. In these reactions, pyruvate can be converted into lactic acid. In addition to generating an additional ATP, this pathway serves to keep the pyruvate concentration low so glycolysis continues, and it oxidizes NADH into the NAD+ needed by glycolysis. In this reaction, lactic acid replaces oxygen as the final electron acceptor. Anaerobic respiration occurs in most cells of the body when oxygen is limited or mitochondria are absent or nonfunctional. For example, because erythrocytes (red blood cells) lack mitochondria, they must produce their ATP from anaerobic respiration. This is an effective pathway of ATP production for short periods of time, ranging from seconds to a few minutes. The lactic acid produced diffuses into the plasma and is carried to the liver, where it is converted back into pyruvate or glucose via the Cori cycle. Similarly, when a person exercises, muscles use ATP faster than oxygen can be delivered to them. They depend on glycolysis and lactic acid production for rapid ATP production.
Aerobic Respiration
In the presence of oxygen, pyruvate can enter the Krebs cycle where additional energy is extracted as electrons are transferred from the pyruvate to the receptors NAD+, GDP, and FAD, with carbon dioxide being a “waste product” (Figure 3). The NADH and FADH2 pass electrons on to the electron transport chain, which uses the transferred energy to produce ATP. As the terminal step in the electron transport chain, oxygen is the terminal electron acceptor and creates water inside the mitochondria.
Krebs Cycle/Citric Acid Cycle/Tricarboxylic Acid Cycle
The pyruvate molecules generated during glycolysis are transported across the mitochondrial membrane into the inner mitochondrial matrix, where they are metabolized by enzymes in a pathway called the Krebs cycle (Figure 4). The Krebs cycle is also commonly called the citric acid cycle or the tricarboxylic acid (TCA) cycle. During the Krebs cycle, high-energy molecules, including ATP, NADH, and FADH2, are created. NADH and FADH2 then pass electrons through the electron transport chain in the mitochondria to generate more ATP molecules.
Question 5 Draw diagram of oxidative phosphorylation ? 

oxidative phosporylation diagram 
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