Human Circulatory System
The human body is a complex machine, requiring many processes to function efficiently. To keep these crucial processes running without any hitches, vital elements and components need to be delivered to the various parts of the body.
This role of transportation is undertaken by the human circulatory system, moving essential nutrients and minerals throughout the body and metabolic waste products away from the body. 
Human Circulatory System
The human circulatory system consists of a network of arteries, veins, and capillaries, with the heart pumping blood through it. Its primary role is to provide essential nutrients, minerals, and hormones to various parts of the body. Alternatively, the circulatory system is also responsible for collecting metabolic waste and toxins from the cells and tissues to be purified or expelled from the body.
Features of Circulatory System
The crucial features of human circulatory are as follows:
· The human circulatory system consists of blood, heart, blood vessels, and lymph.
· The human circulatory system circulates blood through two loops (double circulation) – One for oxygenated blood, another for deoxygenated blood.
· The human heart consists of four chambers – two ventricles and two auricles.
· The human circulatory system possesses a body-wide network of blood vessels. These comprise of arteries, veins, and capillaries.
· The primary function of blood vessels is to transport oxygenated blood and nutrients to all parts of the body. It is also tasked with collecting metabolic wastes to be expelled from the body.
· A fact that most circulatory system diagrams do not visually represent is its sheer length. Theoretically, if the veins, arteries, and capillaries of a human were laid out, end to end, it would span a total distance of 1,00,000 kilometers (or roughly eight times the diameter of the Earth).
Organs of Circulatory System
The human circulatory system comprises of 4 main organs that have specific roles and functions. The vital circulatory system organs include:
· Heart
· Blood (technically, blood is considered a tissue and not an organ)
· Blood Vessels
· Lymphatic system
Heart
The heart is a muscular organ located in the chest cavity, right between the lungs. It is positioned slightly towards the left in the thoracic region and is enveloped by the pericardium. The human heart is separated into four chambers, namely, two upper chambers called atria (singular: atrium), and two lower chambers called ventricles.
Though other animals possess a heart, the way their circulatory system functions is quite different from humans. And in some cases, the human circulatory system is much more evolved when compared to insects or molluscs.
Double Circulation
The way blood flows in the human body is unique, and it is quite efficient too. The blood circulates through the heart twice; hence, it is called double circulation. Other animals like fish have single circulation, where blood completes a circuit through the entire animal only once.
The main advantage of double circulation is that every tissue in the body has a steady supply of oxygenated blood, and it does not get mixed with the deoxygenated blood.
Blood
Blood is the body’s fluid connective tissue, and it forms a vital part of the human circulatory system. Its main function is to circulate nutrients, hormones, minerals and other essential components to different parts of the body. Blood flows through a specified set of pathways called blood vessels. The organ which is involved in pumping blood to different body parts is the heart.  Blood cells, blood plasma, proteins, and other mineral components (such as sodium, potassium and calcium) constitute human blood.
Blood is composed of:
· Plasma  – the fluid part of the blood and is composed of  90%  of water.
· Red blood cells, white blood cells and platelets constitute the solid part of blood.
Types of Blood Cells
The human body consists of three types of blood cells, namely:
· Red blood cells (RBC) / Erythrocytes
Red blood cells are mainly involved in transporting oxygen, nutrients, and other substances to various parts of the body. These blood cells also remove waste from the body.
· White blood cells (WBC) / Leukocytes
White blood cells are specialized cells which functions as a body’s defense system. They provide immunity by fending off pathogens and harmful microorganisms.
· Platelets / Thrombocytes
Platelets are cells that help to form clots and stop bleeding. They act on the site of an injury or a wound.
Blood Vessels
Blood vessels are a network of pathways through which blood travels throughout the body.  Arteries and veins are the two primary types of blood vessels in the circulatory system of the body.
Arteries
Arteries are blood vessels that transport oxygenated blood from the heart to various parts of the body. They are thick, elastic and are divided into a small network of blood vessels called capillaries. The only exception to this is the pulmonary arteries, which carries deoxygenated blood to the lungs.
Veins
Veins are blood vessels that carry deoxygenated blood towards the heart from various parts of the body.  They are thin, elastic and are present closer to the surface of the skin. However, pulmonary and umbilical veins are the only veins that carry oxygenated blood in the entire body. 
Lymphatic System
The human circulatory system consists of another body fluid called lymph. It is also known as tissue fluid. It is produced by the lymphatic system which comprises a network of interconnected organs, nodes and ducts.
Lymph is a colorless fluid consisting of salts, proteins, water, etc. which transport and circulates digested food and absorbed fat to inter cellular spaces in the tissues. Unlike the circulatory system, lymph is not pumped; instead, it passively flows through a network of vessels.
Functions of Circulatory System
The most important function of the circulatory system is transporting oxygen throughout the body. The other vital functions of the human circulatory system are as follows:
1. It helps in sustaining all the organ systems.
2. It transports blood, nutrients, oxygen, carbon dioxide and hormones throughout the body.
3. It protects cells from pathogens.
4. It acts as an interface for cell-to-cell interaction.
5. The substances present in the blood helps repair the damaged tissue.
PATTERNS OF CIRCULATION 1. Blood moves through the body in a continuous fashion: Left ventricle → systemic circulation (body) → right atrium → right ventricle → pulmonary circulation (lungs) → left atrium → left ventricle. 2. Deoxygenated blood is pumped from the right ventricle into the lungs through the pulmonary arteries – the only arteries to carry deoxygenated blood. 3. Blood returns to the heart through the pulmonary veins, the only veins to carry oxygenated blood. 4. The systemic circulation starts at the left ventricle and ends at the right atrium. It carries blood to and from the rest of the body. 5. The heart itself receives its supply of blood from the two coronary arteries leading from the aorta. Blood enters into capillaries that lead to veins through which blood returns to the right atrium. 6. There are three parts of the systemic circulation that you need to know: A. coronary circulation - supplying blood to the heart muscle (coronary artery). B. renal circulation – supplying blood to the kidneys (renal artery). Nearly 25% of the blood leaving the heart flows to the kidneys, which are pressure filters for waste. C. hepatic portal circulation- nutrients picked up by capillaries in the small intestines are transported directly to the liver in the hepatic portal vein, where excess nutrients are stored. This is about 70% of the liver’s blood supply. The liver also receives oxygenated blood from the hepatic artery, which branches off the aorta, and provides 30% of its blood. All blood leaves the liver through the hepatic vein.
Human Excretory System
Life of every organism depends on certain basic processes. Excretion is one among them. Different organisms follow different modes of excretion. In complex organisms including humans, there is a specialized system for excretion called human excretory system.
We all obtain our nutrients from different sources which are later digested and metabolized in our body. After metabolic reactions, the body starts to sort out useful and toxic substances in an individual. As we all know, the accumulation of the toxins may be harmful and the body removes all the metabolic wastes by the process called excretion.
Different organisms follow different modes of excretion such as kidney, lungs, skin and eyes depending on their habitat and food habit.
For example- Aquatic animals excrete waste in the form of ammonia, while birds and insects excrete mainly uric acid. Humans produce urea as the major excretory product.
Let us have a detailed look at the excretory system notes to explore the excretory system in human beings, different organs of the excretory system and the mechanism of excretion in humans.
Also Read: Excretory Products and their Elimination
Excretory System Organs
The human excretory system organs include:
A pair of kidneys
A pair of ureters
A urinary bladder
A urethra
Kidneys
Kidneys are bean-shaped structures located on either side of the backbone and are protected by the ribs and muscles of the back. Each human adult kidney has a length of 10-12 cm, a width of 5-7 cm and weighs around 120-170g.
The kidneys have an inner concave structure. At the centre, there is a notch called hilum through which the blood vessels and nerves enter the organ. Towards the inner surface of the hilum, there is a large funnel-shaped space called renal pelvis with projections called calyces.
Structure of Kidney
The structure of the kidney is explained below:
Capsule
The outer layer is called the capsule. Inside the kidney, there are two zones- the outer zone is cortex and the inner zone is medulla. The cortex extends in between the medullary pyramids as renal columns called columns of Bertin.
Nephrons
Nephrons are the functional units of the kidney. Each nephron has two parts- glomerulus and renal tubule.
Glomerulus consists of a bunch of capillaries formed by afferent arterioles. Blood from glomerulus is carried away by efferent arterioles.
The renal tubule starts with a cup-like structure called Bowman’s capsule and this encloses the glomerulus. The malpighian body consists of glomerulus and Bowman’s capsule. The highly coiled structure in the tubule next to the Bowman’s capsule is the proximal convoluted tubule.
Explore more: Nephrons 
Henle’s loop
The next part of the tubule is Henle’s loop which has an ascending and a descending limb. The ascending loop continues as a distal convoluted tubule. The distal convoluted tubules of many nephrons open into the collecting duct.
The cortical region of the kidney comprises of malpighian corpuscle, proximal convoluted tubule and distal convoluted tubule and the medullary region contains a loop of Henle.
There are two types of nephrons – cortical and juxtamedullary. In the case of cortical, the loop of Henle is very short and extends only a little into the medulla. In juxtamedullary, the loop of Henle is very long and runs deep into the medulla.
Ureter
A thin muscular tube called the ureter comes out of each kidney extending from the renal pelvis. It carries urine from the kidney to the urinary bladder.
Urinary Bladder
It is a sac-like structure that stores urine until micturition. Micturition is the expulsion of urine from the body. The urine is carried to the bladder through the ureters.
Urethra
This tube arises from the urinary bladder and helps to expel urine out of the body. In males, it acts as the common route for sperms and urine. Its opening is guarded by a sphincter.
Human Excretory System Diagram
The diagram below represents the different parts of the human excretory system.
Human Excretory System
Excretion in Humans
Excretion is the process where all the metabolic wastes are removed from the body. Excretion in humans is carried through different parts and in a series of processes.
Most of the unicellular organisms eliminate waste from their body through diffusion. A human body is an exceptional machine, where different life-processes (respiration, circulation, digestion, etc.) take place simultaneously. As a result, many waste products produced in our body are in various forms that include carbon dioxide, water, and nitrogenous products like urea, ammonia, and uric acid.
In addition to these, the chemicals and other toxic compounds from medications and hormonal products are also produced. A simple diffusion or evaporation will not be sufficient to eliminate the waste from our body. Therefore it is eliminated through different parts in a series of processes.
Blood contains both useful and harmful substances. Hence, we have kidneys which separate useful substances by reabsorption and toxic substances by producing urine.
Kidney has a structural filtration unit called nephron where the blood is filtered. Each kidney contains a million nephrons.
Capillaries of kidneys filter the blood and the essential substances like glucose, amino acids, salts, and the required amount of water are reabsorbed. Meanwhile, the pureblood circulates back to other parts.
Excess water and nitrogenous waste in humans are converted to urine. Urine thus produced is passed to the urinary bladder via the ureters. The urinary bladder is under the control of the Central Nervous System. The brain signals the urinary bladder to contract and through the urinary opening called urethra, we excrete the urine.
Mechanism of Excretion in Humans
The process of excretion in humans takes place in the following steps:
Urine Formation
The urine is formed in the nephrons and involves the following steps:
Glomerular Filtration
Tubular Reabsorption
Secretion
Glomerular Filtration
It is the primary step in urine formation. In this process, the excess fluid and waste products from the kidney are filtered out of the blood into the urine collection tubules of the kidney and eliminated out of the body.
The amount of filtrate produced by the kidneys every minute is known as Glomerular Filtration Rate.
Tubular Reabsorption
It is the absorption of ions and molecules such as sodium ions, glucose, amino acids, water etc. Water involves passive absorption, while glucose and sodium ions are absorbed by an active process.
Secretion
Potassium ions, hydrogen ions, and ammonia are secreted out to maintain the equilibrium between the body fluids.
The functions of the various tubules involved in the process are:
Glomerulus filters the blood
Proximal Convoluted Tubules reabsorb ions, water, and nutrients, removes toxins, and maintains the pH of the filtrate.
Descending Loop of Henle allows water to pass from the filtrate into the interstitial fluid through aquaporins.
Ascending Loop of Henle reabsorbs sodium and chloride ions from the filtrate into the interstitial fluid.
Distal Tubule reabsorbs and secretes selective ions and maintains the pH of the blood.
Collecting Duct, solutes, and water is reabsorbed from the filtrate by the collecting duct.
Micturition
The urinary bladder is stretched and gets filled with urine formed in the nephrons. The receptors present on the walls of the urinary bladder send signals to the Central Nervous System, thereby, allowing the relaxation of sphincter muscles to release urine. This is known as micturition.
