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Practical class 1. Metabolic rate and energy expenditure





The questions for self-study:


Introduction.


Bomb calorimeter and calorific values of foods


Methods to determine metabolic rate :


(a) Direct calorimetry, (b) Indirect calorimetry : (i) Respiratory quotient, (ii) Energy equivalent of oxygen utilized, (iii) Benedict Roth Spirometer (close circuit method), (iv) Open circuit method.


Values of metabolic rate.


Basal metabolic rate: (i) Definition, (ii) Normal values, (iii) Factors determining, (iv) Applied physiology.





Introduction


Man, to remain alive, has to expend energy, even at rest. Thus, while he is at rest, heart continues to beat, respiration must occur and at cellular levels, Na+ K+ ATPase activity, active reabsorption in renal tubules, etc. must go on. These are some examples to illustrate that even a resting individual has to expend energy continuously.


When the individual begins to work, additional energy expenditure occurs.


This energy comes from break down of ATP and other energy rich compounds. The ATP and related energy rich compounds are resynthesized by extracting energy which was potential in the food stuffs like carbohydrate, protein and fat, by catabolic processes.


Ultimately all energies must be provided from the food. If no food is available, the body will utilize its own reserve food (glycogen of the liver and muscle, and triglycerides of the adipose tissue) as well as break down its own muscle for nitrogen supply; this state will continue as long as it is possible and then death will occur.


Catabolism of food stuff, ultimately speaking, requires oxygen supply. Temporarily, even in absence of oxygen, partial catabolism and generation of little amount of ATP (anaerobic oxidation) can occur, but for long term purposes, O2 must be supplied from the atmosphere. Ultimately therefore, in a given subject, greater the O2 utilization, greater is the intensity of metabolism. Determination of oxygen consumption per unit time therefore will determine the metabolic rate as the two parameters are interrelated.


Bomb Calorimeter


This device, built by the great Ely Rubner of Germany, can determine the amount of energy that can be liberated when a food stuff is completely oxidized. An accurately weighted quantity of food is introduced into the 'bomb' (a strong cylindrical container made up of steel), completely oxidized by igniting the food electrically in an atmosphere of oxygen and the heat produced (because of the oxidation) is measured by calorimetric principles. The value obtained is the amount of energy hidden (i.e., potential energy) within the food. Ely Rubner in the last part of the 19th century thus found out the calorific values of food stuffs in vitro.


Subsequently, the amount of energy liberated by the food stuffs when they are oxidized within the body (in vivo) were also measured, notably by Benedict and Atwater. Their values are give below:


Table


Calorific Values of foodstuffs


Food Stuff�
Calorific Value (per gm)�
�
�
In bomb calorimeter


(in vitro)�
Within the body


(in vivo)�
�
Carbohydrate�
4Kcalorl7KJ�
4 Kcal or 17 KJ.�
�
Fat�
9 Kcal or 38 KJ.�
9 Kcal or 38 KJ.�
�
Protein�
5.5 Kcal or 23 KJ.�
4 Kcal or 17 KJ�
�
Note, that the values obtained so far as fat and carbohydrate are concerned, by the bomb calorimeter, are same as those obtained when they are catabolized within the body.


However, with the protein, the values differ; the bomb calorimeter gives higher values. Its explanation is as follows :


Carbohydrate and fat are completely oxidized within the body (by the biological processes) and therefore, for them, the values do not differ.


But in case of protein, in our body, a part of protein, viz, nitrogen, in the form of urea, is excreted out (via urine) without oxidation (that is, protein oxidation in our body is incomplete), whereas in the 'bomb' it is complete.


UNITS


The old unit for heat was calorie (= the amount of heat necessary to raise 1 gm of pure water's temperature from 14.5°C to 15.5°C). In physiology, as calorie is too small an unit, Kcal or Cal is usually used (1 Kcal = 1000 cal). Modern unit is joule 0) or KJ (Kilo Joule). Thus, 1 cal = 4.184 J, hence 1 Kcal = 4.184 KJ.


(Note : Kilo calorie can be written either as Kcal or as Cal, the C being capital).





Methods of determination of metabolic rate (energy expenditure)





Direct method


Aim of this method is to determine the heat given out by an individual in 24 hours. The subject stays within a specially constructed chamber, called Benedict-Atwater chamber for a period of hours together. A pipe encircles the room and water circulates through the pipe. The heat evolved by the subject escapes into the water of the pipe, so that by noting the (i) initial (= where water enters the room) and final (= where water leaves the room) temperatures of the water, and (ii) the volume of the water circulated during the period of observation, the total heat evolved by the subject during the period of observation can be found out.


Next, the period of observation and total body surface of the subject, in square meter, are found out. From this, heat evolved/hr/sq m of body surface in Kcal can be expressed and is called the metabolic rate.


Metabolic rate is the amount of energy liberated by a subject per hour per sq. m of body surface area.


The room is made up of such material that does not cause loss or gain of heat to or from the exterior. The heat given out via the subject's excreta is also added.


This method is absolutely accurate but very expensive and cumbersome and unsuitable for routine use.


Indirect Calorimetry


In indirect calorimetry, the heat evolved is not directly measured. Instead, two other parameters, viz, 


the respiratory quotient (RQ), and 


(ii) the oxygen utilized in a specific period, are measured. 


If these two data are known, energy expenditure can be calculated.


The principles involved in the indirect calorimetry (indirect method of determination of the metabolic rate) can be stated as follows :


1. At a given time, the body is utilizing a particular mixture of protein, carbohydrate and fat as a fuel. Oxidation of a fixed quantity of this mixture will produce an exact quantity of heat and will require an exact amount of oxygen.


Slated otherwise, when a particular fuel mixture is being used (oxidized) by the body, utilization of exactly one liter of oxygen will produce an exact quantity of heat [because one liter of O2 can oxidize only a fixed quantity, not more, not less, of this fuel mixture and a fixed quantity of fuel mixture when oxidized can produce a fixed amount of heat].


What particular fuel mixture is burnt can be understood from the RQ. In practice, as stated below, one simply has to know the heat equivalent of 1 liter of O2 at the given RQ.


2. The proportions of protein, carbohydrate and fat in the above mentioned fuel mixture varies from time to time, but the proportion can be found out by determining the respiratory quotient or RQ.


Thus, if the fuel mixture is known (which can be found out by the RQ) and volume of oxygen utilized in a given period be determined, the heat produced by the body in that given period can be found out. If now the surface area of the body is determined, the metabolic rate becomes known.


Calorific Value of Oxygen


When the body is utilizing purely glucose, utilization of exactly one liter of oxygen produces oxidation of that much amount of fuel (glucose) which produces 5.04 Kcal (21.1 KJ) of energy (the calorific value of (one liter) oxygen, when glucose (carbohydrate) is the fuel). Similarly calorific value of O2, when protein or fat are the fuels are 4.83 Kcal (20.2 KJ) and 4.7 Kcal (19.7 KJ) respectively. However, human beings ordinarily utilize a mixture of carbohydrate, protein and fat. In such a mixed fuel, assuming the proportions are usual' (so that RQ is 0.85).


RESPIRATORY QUOTIENT (RQ)


The respiratory quotient, RQ is defined as,the volume of CO2 produced in a given time the volume of O2 utilized in the same period


For example, a resting man produces 200 ml of CO2 and utilizes 250 ml O2 per minute; his RQ will be 200/250 = 0.80.


There are several factors which influence the value of the RQ, as stated below :


1. Fuel (food) utilized. When pure carbohydrate is being oxidized, the RQ is 1. With protein and fat, it is 0.8 and 0.7 respectively. With a 'mixed' diet, the RQ is about 0.85.


Take the case of carbohydrate. Inside the body, the only form of carbohydrate is glucose (C6H12O6). Now,


C6H12O6 + 6O2 = 6CO2 + 6H2O + Energy


that is, when six molecules of CO2 are evolving and glucose is the fuel, then six molecule of oxygen must have been utilized. According to Avogadro's hypothesis, equal number of molecules under same temperature and pressure must have same volume. Therefore, 6 molecules of CO2 and 6 molecules of O2 must have same volumes. So we have, for glucose, the RQ to be 1.


If the structural formula of a long chain fatty acid is examined (e.g. palmitic acid) it will be seen that the ratio between C and O is very high in the molecule (with glucose it was 1 : 1). Therefore, complete oxidation of a fatty acid requires greater amount of O2 so that the value of the RQ, when fat is the fuel, becomes low, about 0.7.


It has been found out by experimental works that about 14 hours after last meal, if there is mental and physical rest, the value of RQ is about 0.8. The reason is, 14 hours after the last meal, the body uses a fuel at which RQ becomes 0.8. [if the fasting be prolonged, the RQ will move closer to 0.7 as there will be more and more higher proportions of body reserve fat in the fuel],


2.	Exercise. During severe exercise, lactic acid concentration of blood rises (from about 5 mg/100 ml at rest to such figures like 120 mg/100 ml). Lactic acid of blood reacts with plasma bicarbonate according to the equation.


The H2CO3 is then broken down to form H2O + CO2 and the CO2 escapes via the lungs. This causes a rise of RQ and during violent exercise values of RQ may become over 1.5.


During recovery the RQ falls (may be as low as 0.5). 


3.	Altered VE. Alteration of the ventilatory volume


(VE), (other parameters remaining constant), can cause alteration of RQ. Thus, during voluntary hypoventilation, CO2 is retained and the value of the RQ falls. Reverse occurs in voluntary hyperpnea. Hyperpnea due to even acidosis also should cause rise of RQ. [But in diabetic acidosis, two opposing factors work : (i) the attendent hyperpnea tends to increase the RQ. But (ii) the associated combustion of fatty acids tend to decrease the RQ. The actual RQ, therefore, will be the resultant of these two opposing factors].


Measurement of RQ


Douglas bag and gas analysis. Expired air is collected by a Douglas bag and its O2 and CO2 concentrations as well as the ventilation volume/minute are found out From these values the values of CO2 evolved and O2 utilized in ml/min under NTP can be found out and thus the RQ can be determined. O2 and CO2 concentrations of the sample of air from the Douglas bag can, alternatively, be determined by the Scholander's gas analyzer. 


In modern laboratories, RQ can be measured by using modern computerized electronic gadgets where the subject merely breathes in the atmospheric air but exhales into the instrument and the printed result comes out of the instrument. Within the instrument, as described earlier in this book, O2 is analyzed by paramagnetic O2 analyzer and CO2 by infrared CO2 analyzer.


The value of the RQ depends upon the nature of the fuel utilized by the body. Again the nature of the fuel (hence the value of the RQ) determines how much energy will be liberated when exactly one liter of O2 is used. Conclusion therefore is, if the value of the RQ is known, how much energy liberation occurs ('energy equivalent of the O2 utilized') per liter of O2 utilized, can be found out. Stated in another way if the RQ and the volume of O2 utilized are known, the energy expenditure can be found out.


Thus at RQ values of 0.85,1.0 and 0.7, the energy equivalents of one liter of O2 are 4.875 Kcal, 5.04 Kcal and 4.7 Kcal respectively. At an RQ of 0.8 the value is about 4.83 Kcal/liter ( = 20.2 KJ/liter).


Common procedures for indirect calorimetry


Benedict-Roth Spirometer is the classical instrument for determination of BMR (basal metabolic rate, that is, metabolic rate at basal conditions, see below), used in clinical laboratories. For determination of metabolic rate (MR) during outdoor activities like sports, mountaineering or any other form of activities, this instrument is unsuitable.


Preparation of the subject. The subject is tested about 12 to 14 hours after the last meal. The subject must desist all works after the last meal. Any condition which alters the BMR (e.g., fever) makes the subject unsuitable for testing. In the luteal (secretive) phase of menstrual cycle, there is usually an elevation of basal body temperature (BBT). 


Principle. 12 to 14 hours after the last meal, the subject's RQ is presumed to be 0.8, as stated earlier. Therefore, the CO2 need not be determined, as the RQ is already known, Further, as stated earlier, metabolic rate is determined from the principle that if the RQ is known, the energy expenditure can be determined from the volume of O2 utilized. All that is required, is to estimate the O2 consumption in a specified period of time (six minutes). At this RQ, the calorific value of O2 is 4.83 Kcal or 20.2 KJ per liter of O2 utilized.





The instrument. Basically the instrument consists of a gas holder containing soda lime (= a mixture of KOH and lime, to absorb CO2), which is filled with oxygen. Through a mouthpiece the subject breathes in and out in the gasholder. Thus he uses up the oxygen in the gas holder, but the CO2 evolved is absorbed. As a result, the volume O2 falls in the gas holder.


Exactly after six minutes, the testing is stopped. The exact volume of oxygen utilized can be determined as follows : A writer is attached by means of a pulley with the top of the gas holder which is made up of a rubber diaphragm. The writer writes on a paper on a motor driven drum (kymograph). As the O2 content within the gas holder falls, the diaphragm falls in height and the writer moves up. The O2 utilization can be measured now, as 1 mm of upward movement of the writer = 20.73 ml of O2 utilization (at NTP) Example :


After 6 minutes of testing the writer moves 70 mm up. What is the BMR of the subject ?


1 mm = 20.73 ml of O2 utilized. 70 mm = 20.73 x 70 ml of O2.


The RQ is assumed to be 0.8 :


.. 1000 ml O2 utilized = 4.83 Kcal


.. 20.73 x 70 ml O2 = (20.78x70/1000) x 4.83


7.0 Kcal of heat. In six minutes the caloric evolved is 7.0 Kcal.


In one hour, it is 70 Kcal. Let, the body surface is 1.8 sq. meter.


. . The BMR is 70 + 1.8 = 40 Kcal (approx)/sq.m/hr.


The problem can be looked up in another way, thus, 1 mm rise of the writer = 20.73 ml of O2 utilization.


Now,


1000 ml of O2 utilization = 4.83 Kcal of heat


20.73 ml ≡ 20.73x4.83/100 Kcal


This amount was produced in 6 minutes. In one hour, the heat produced will be :


(20.73 x 4.83 x 10)/1000 or 1 Kcal


Thus, the instrument is so designed that a rise of 1 mm of the writer is equivalent to an amount of heat of 1 Kcal/hr. This therefore, eliminates arithmatical calculations in routine practice.


Douglas bag (open circuit method). The principle and procedure involved in procedure with Douglas bag has been explained earlier in this chapter. Here the RQ has to be found out. The great advantage of this method is that it can be used in determination of BMR as well as MR in non basal conditions.


Determination of surface area. The surface area of the body can be determined by Dubois formula —S = W0.425 x H0.725 x 7.184 x 10-3


where S, W and H stand for surface area (in sq m), body weight (in Kg) and height (in cm) respectively. [In practice, the surface area is determined from the height and weight of the subject and referring the data to standard tables given in practical books.]


Values. The value for normal BMR has been discussed below. Table gives values for MR at some common non basal states.


Table


Values of metabolic rate


Work�
Energy Expenditure�
�
�
Unit, Kcal�
Unit, KJ.�
�
Light works


Moderate works


Very hard works�
140 to 280 /hr 280 to 430 /hr Over 570 /hr�
600 to 1200 /hr


1200 to 1800 /hr


Over 2400 /hr�
�
BASAL METABOLIC RATE (BMR)


Definition. It is the metabolic rate at basal conditions. Basal condition is a condition when the subject is at complete mental and physical rest (but not sleeping ) 12 to 14 hours after the last meal, at an ambient temperature of about 25°C and free from all illness.


Normal values. Values are expressed as Kcal(or KJ) per square meter of body surface per hour.


In adults, BMR for healthy males is 40 Kcal (about 168 KJ)/sq mlhr and in healthy females, it is 37 Kcal (155 KJ)/ sq m/hr.


This means, that the total caloric expenditure in 24 hours, at complete basal state is, 1,800 Kcal (7,500 KJ) for males and 1400 Kcal (5859 KJ) for female assuming the total body surface areas are 1.8 sq m and 1.6 sq m respectively-


The values for old age and childhood have been given below.


Factors influencing BMR value


Age. In childhood it is high. In old age (after 60) the BMR tends to fall.


Sex. Throughout life, BMR is somewhat lower in the females. But if the BMR values be taken for fat free lean body tissue mass, the difference due to sex disappears.


Food. If the food contains excess protein, the BMR value rises. This is due to the high specific dynamic action (for details see chap 12, sec VII) of the food protein.


Climate. Colder the climate higher is the BMR and vice versa.


Pregnancy. In later months of pregnancy, the BMR rises, because at this stage, the maternal BMR includes that of the fetus which is considerable. In early stage of pregnancy also, there is some rise of BMR. This is perhaps due to HCG (human chorionic gonadotropin) which might have a TSH like action.


Endocrine factors. BMR is related to thyroid activity. In thyrotoxicosis BMR rises whereas in hypothyroidism the BMR falls. Prior to the advent of modern methods like radio immunoassay (RIA), thyroid disorders used to be diagnosed by BMR estimation. A value of BMR over 40% than normal (i.e., more than + 40%) or less than —20% (i.e., less than - 20%) used to be usually regarded as diagnostic of thyrotoxicosis and myxedema respectively. BMR and Na+ K+ ATPase. Ultimately speaking a major part of our BMR is due to the action of this enzyme


Applied Physiology


BMR estimation used to be a diagnostic tool for disorders of thyroid. In less developed countries where RIA facilities are not freely available, this may be still of con siderable help. However, at the time of writing this (1991), routine estimation of BMR, for all practical purposes, in clinical medicine, is obsolete.


BMR gives an idea about the food requirement of the subject. Thus for subjects, lying in bed, the attending physician can formulate his diet.


SUMMARY & HIGHLIGHTS


In our body 1 gm of carbohydrate, protein and fat yields, 4, 4 & 9 Kcal respectively. BMR is the metabolic rate at basal conditions (12 to 14 hrs after meal, complete mental and physical rest, environmental temperature about 25°C, freedom from disease) and its value is 40 Kcal/sq m/hr (male) or 37 Kcal/sq.m/hr (female). Usually the surface area of an 'average' man is around 1.8 sq m and an average woman is 1.6 sq m.


In Benedict Roth method, the patient is so prepared that only oxygen consumption for six minutes is all that is to be determined. Moreover, the instrument is so designed that rise of the writer through 1 mm is equivalent to 1 Kcal per hr. In Douglas bag, the RQ and the O2 consumption values are to be determined.





�





Practical class 2. Thermoregulation





The questions for self-study:


Introduction


Importance of thermoregulation.


Normal body temperature.


Source of 'gain' of body heat & channels of heat loss


Mechanism of thermoregulation in exposure to cold.


Mechanism of thermoregulation in hot envi ronment.


Applied physiology :


fever, (b) anti pyretics, (c) pyrogens, (d) heat stroke, (e) heat exhaustion, (f) hypothermia.





Introduction


Thermoregulation is one of the most fundamental physiological regulations in our body. Man (and other mammals as well as birds) are 'homeothermic' animals, that is, whatever may be the environmental temperature, their own body temperature does not vary. [By contrast, the body temperature of reptiles and other 'poikilothermic' animals (also called, 'temperature conformers'') changes as the environmental temperature changes.]


This ability to keep the body temperature within a very narrow range, the 'temperature homeostasis', is possible, because of the operation of 'thermoregulatory mechanism' which is present in the mammals. In poikilothermic animals, thermoregulatory mechanisms is weak or absent. However, even these poikilothermic animals must have a body temperature within a narrow range and to achieve that they have to depend upon other (behavioral) means.


Importance of thermoregulation


The body temperature, at rest, of healthy human being, is about 37° C  If the temperature rises too much, the proteins in our body begin to deteriorate, resulting in deterioration of enzymatic functions (all enzymes are protein in nature), and thus causing a havoc. Further elevation of temperature causes beginning of denaturation of protein. Cold, on the other hand, inhibits the enzymatic activity of our body; contractility of heart muscles also suffer. Therefore, to remain alive, internal temperature must be within a narrow range.


Student may note, that human beings live and carry on their daily business in the deserts (eg, Bedouins of Arabian deserts, where the outdoor temperature may be around 60° C) or in the Tundra regions (outdoor temperature may be as low as — (minus) 40° C) and yet both the Bedouin and the Eskimo, amidst their natural environment, have an internal body temperature of about 37° C.


It is possible, that environmental temperature will play a decisive role, in the future biological process :Explosive increase in human population → sharp increase in the production of CO2 and methane gas → these two gases will form a layer covering the earth → loss of heat {by radiation) of earth hampered (but the incoming rays of sun are not prevented) → earth becomes warmer → (i) expansion of the seas causing floods in the coastal regions (ii) melting of the ice caps at polar regions of the earth causing floods and cold waves. Besides, the rise of temperature itself may cause a havoc. The above mentioned effects may be called 'green house effects'.


Rise of CO2 mentioned above, will be due to high consumption of fuel. Methane is obtainable from termites, animal excreta, wheat and paddy fields.


The devastating effects of the green house effect can appear as early as within, say, 50 yrs.


Normal body temperature


1.Oral (i.e., mouth) temperature of normal healthy


adults, at rest, at about 8 a.m. is around 37°C. Usually, in clinical practice, oral temperature is taken.


Range of the oral temperature in healthy adults, at rest, is between 35.8° C to 37.8° C.


Body temperature shows a circadian rhythm. It is usually highest in the afternoon or in the evening and least at around 5 a.m. in the morning. The difference is about 0.5° C or slightly more. This rise in the evening is not due to the activities in the day, as this is found even in bed ridden subjects.


Rectal temperature is usually some 0.5° C more than that of the oral temperature. Generally it is presumed that the rectal temperature is nearest to the core temperature. Thus, if the rectum is loaded with feces, the fecal bacterial metabolism may cause considerable generation of heat and give falsely high values. Or, in cold environment, where the legs are exposed, the blood of the long saphenous vein may become cold and as this cold blood reaches the pelvis, the rectal temperature may give falsely low values. [Oral tempera ture also can alter in mouth breathers or after a hot or cold drink],


After a severe bout of exercise the body temperature of a normal adult may be as high as 40° C.


In the children, the temperature regulation being not highly satisfactory, (their body) temperature may occasionally be high (in summer) or low (in winter). In general their body temperature is about 0.5° C higher.


7.Non pregnant women in their reproductive phase of life, show usually 0.5° C higher body temperature in the luteal phase of the menstrual cycle. This rise of 'BBT' (basal body temperature) is due to the endogenous progesterone.


"CORE" AND "SHELL" TEMPERATURE


Skin and subcutaneous tissue constitute the 'shell', whereas all other internal structures (covered by the shell) are called 'core'. 


The core temperature is about 37°C or slightly more and it is this core temperature whose value is kept constant in the homeothermic animals (including man). The skin temperature may drop in cold environment, to as low as, say, 15° C and that is not necessarily harmful, because even when the skin temperature is 15° C, the core temperature remains at 37° C. To record the core temperature, the clinicians take oral or rectal temperature as an alternative.


SOURCE OF 'GAIN' OF BODY HEAT


(a) Metabolism of foodstuff (including specific dynamic action, SDA) at rest. Further, (b) considerable heat is also generated by basal level muscular activities like pumping of the heart, respiratory movements, peristalsis etc. 


Physical activity (muscular contraction), when present, causes further additions to the heat gain by the body. Thus, venous blood coming from a heavily working muscle is very hot. It has been estimated that the heat produced during the BMR level activity is such that it, if not removed, would raise the body temperature by 1° C/hour. Obviously the heat must be removed otherwise the temperature of the core will rise sufficiently to cause disaster.


In some types of cerebrovascular accidents (eg, pontine hemorrhage), the shell no longer dissipates heat and the body temperature rises sharply. A similar thing happens in heat stroke.


CHANNELS OF HEAT LOSS


I. Conduction


Convection.


Radiation.


Evaporation of sweat (saliva in some animals)


Loss through urine and feces. & Respiration


BASIC PRINCIPLES


The heat of the core reaches the shell via the arterial blood which comes to the skin from the core. From the shell the heat goes to the environment by conduction/convection etc.:


Conduction. Example : lying bare bodied on the cold floor. Heat from the body moves to the floor and the body is cooled (assuming floor is colder than the body).


Convection. Example : moving air, which is colder than the body, coming in contact with the skin, takes out the heat from the skin, and then moves away and fresh cold air comes in contact again; a cold water shower also behaves similarly.


Radiation. Body heat goes to the environment by radiation.


It is to be remembered in all such instances, the temperature of the body must be higher than the temperature of the environment, otherwise the flow of the heat will be reversed and the body will gain heat by the above mentioned processes.


Evaporation. Evaporation of 1 ml of body water takes about 580 cal, (0.58 Kcal), which is taken from the skin so that the skin becomes cold. This cold skin now receives heat from the blood (which is bringing heat from the core), so that the venous blood returning from the skin becomes cooler and thus the core is cooled.


The source of the water which is thus evaporated is :


the sweat, the principal source, and 


(ii) water of the 'insensible perspiration'.


Sweat. Sweat is the secretion of cutaneous sweat glands, which are innervated by cholinergic sympathetic fibers. [Therefore, atropine abolishes sweating ]. In order to produce its cooling effect, the sweat must be evaporated. The evaporation is facilitated by (i) an air which is dry and moving and (ii) bare body. This explains, why 'dry heat' is better tolerated than 'humid heat' or why one prefers to sit bare bodied under a circulating fan particularly in a humid atmosphere. It has been seen that while a dry heat having 100° C (a temperature which causes the water to boil) can be tolerated for some time (although brief), a moist (humid) heat only little over 50° C can cause rise of body temperature very quickly and is thus intolerable.


Sweat consists, principally of NaCl and water. Excessive sweating thus may lead to loss of Na and water. In humid heat, the sweating occurs, but is not evaporated and as the body temperature is not lowered (because of the non evaporation of sweat) further sweating occurs and a combined deficiency of Na and water develops. For the sweating to occur, there must be cutaneous vasodilatation which is helped by bradykinin (a locally active hormone). The rate of sweating may be as high as 1.5 1/hr


In the past, unscrupulous prize fighting sports person very often tried to reduce their body weight, during the weighing before tournament. Their chosen methods included, hot foot bath, severe jogging in a closed room etc., all aimed to cause heavy sweating → weight loss.


Insensible perspiration. Water from the core of the body seeps and gradually reaches skin and then is evaporated; this is insensible perspiration and it occurs even in very cold climates. It is not dependent on any neural mechanism (cf. sweating). The daily amount is about 700 ml.


Urine and feces. Urine and feces (which have identical temperature with the core) account for some loss of heat from the body.


Respiration. The cold air is inspired, but the air is warmed up in the upper respiratory passage. When the air leaves as expired air it has the body temperature. In this way some heat is lost.


Relative importance of the different channels


This depends upon the environmental temperature. Obviously when the temperature of the surroundings is more than that of the body, conduction/convection/radiation can cause a flow of heat from the surroundings to the body (and thus cause heat gain). Under such circumstances sweating and the evaporation of the sweat remains the only channel of heat loss. However, usually ambient temperature is lower than that of the body and conduction, convection and radiation, particularly the last one, have greater importance. For example, at 21° C ambient temperature (a common outdoor temperature in the European cities), radiation accounts for about 70% of the heat loss.


THERMOREGULATION IN COLD 	ENVIRONMENT


On exposure to cold, an animal maintains its body temperature chiefly by two basic mechanisms


(i) Hypothalamus and the sympathetic mediated intrinsic mechanism. This is present in homeothermic animals only and absent in poikilothermic animals (reptiles, amphibians, fish etc.) The most important aspect of this mechanism is that the 'shell' becomes remarkably resistant to heat conduction (i.e., acts as a non conductor of heat), so that core temperature does not reach the skin; metabolic heat accumulates in the core and as a result core remains warm.


(ii) By adjusting the behavior. This is present in homeothermic as well as poikilothermic animals. However, in the poikilothermics, this remains the only means to fight the environmental cold (or heat). It is pointed out that like their mammalian counterparts, poikilothermics also must keep their body temperature within the permissible range.


In addition to these two basic mechanisms, 


(iii) endocrinal mechanism also plays its role.


(iv) Heat generation in the body is also increased.


I. Hypothalamus sympathetic mediated intrinsic mechanism


The body heat, at rest, is largely generated, due to its metabolic activities, in the liver (muscle in addition, when muscular activities are going on). If the cutaneous vessels are dilated, the hot blood (carrying heat from the liver or muscle), reaches skin and from the skin the heat flows to the surroundings.


Therefore, if cutaneous vasoconstriction occurs, heat of the core fails to reach the shell. Or in other words, if there is cutaneous vasoconstriction, shell behaves as thermal insulator whereas if there is cutaneous vasodilatation, the shell acts as thermal conductor.


Further details of the mechanism


The cutaneous vasoconstriction occurs due to sympathetic stimulation.


The sympathetic stimulation, in turn, is due to stimulation of the posterior part of hypothalamus.


The hypothalamic stimulation in turn, is due to stimulation of cold receptors. Details of the cold receptors are as follows :


(a) Two types of cold receptors are present, viz, 


(i) the peripheral cold receptors, situated at the skin, 


(ii) the 'central cold receptors ' situated at the hypothalamus itself. 


When there is low environmental temperature, cutaneous cold receptors are stimulated → afferent nerves arising from these receptors are stimulated and the impulse ultimately reaches the posterior part of hypothalamus and the hypothalamus is stimulated. As a result of this hypothalamic stimulation, cutaneous vasoconstriction + shivering + horripilation occur.


When posterior hypothalamus is stimulated, vasoconstriction, shivering and piloerection occur. It will be stated later, in connection with the thermoregulation in hot environment, that when rostral or anterior hypothalamus is stimulated, vasodilatation and sweating occurs. From this, it was concluded that anterior hypothalamus contains the center which when activated, reduces the body temperature, while posterior hypothalamus contains the center which when activated produces thermoregulation in cold exposure. Indeed this was, and to some extent, still is, the traditional teaching. Opinion, now, however, is gaining strongly, that :


anterior hypothalamus alone contains both the heat and cold regulating centers. Posterior hypothalamus contains merely some descending paths, 


there is no specific nucleus in hypothalamus which regulates the heat or cold; rather, the so called center is diffusely spread over an wide area of anterior hypothalamus].


Generation of heat


Hypothalamic stimulation which in turn causes sympathetic stimulation, leads to adrenalin secretion; sympathetic activity and adrenalin secretion together, cause adipose tissue lipolysis. Adipose tissue lipolysis causes heat generation.


Posterior hypothalamic stimulation also causes shivering. This causes tremendous heat generation.


Shivering is caused by the stimulation of fibers coming from the posterior hypothalamus and terminating on the motor centers of tegmentum of mid brain as well as pons.


Shivering is involuntary muscular contractions. When the environmental temperature is 23° C ('critical temperature'), [assuming the subject is nude], shivering begins, and suddenly there is tremendous rise in heat production.


However, shivering causes extra work by the heart and thus may be dangerous in a patient suffering from cardiac disorder.


Horripilation. Posterior hypothalamus stimulation also leads to standing up of the body hair (horripilation). In between the erect hairs, considerable amount of air is trapped. Air, when dry, is a thermal non conductor, and thus helps to preserve body temperature by reinforcing the thermal insulation of the shell. Horripilation is a very important tool for thermoregulation in furred mammals, but owing to the scantiness of hairs in man, this is of no major importance in him.


Summary. Exposure to cold causes hypothalamic stimulation leading to 


cutaneous vasoconstriction,


 (ii) shivering 


(iii) horripilation. 


There is also some adipose tissue lipolysis.





BEHAVIOR ADJUSTMENTS IN COLD ENVIRONMENT


I.	Muscular contractions are increased and thus there is increased heat production. Increased muscular contraction can be of several varieties, viz, 


(a) increased tone of the muscles; 


(b) voluntary activities, like foot stamping, hand rubbing, sporting activities and so on.


II.	Use of garments. Winter garments (wollen or cotton) are made such that there are enough spaces within the layers of the garments. These spaces trap air and the air (provided it is dry) being thermally non conductor, causes preservation of body heat. By implication, wet winter garments (wet by winter rains) are useless.


III.	Various behavioral methods like curling, huddling (reduction of the exposed part of the body), sitting close to the fire, use of hot drinks etc. are also useful methods.


As a result of these activities, the equation of energy balance alters and the subject feels more hungry. He not only eats more but prefers to eat protein foods. Proteins, because of their high SDA, causes more generation of heat.


ROLE OF ENDOCRINES


On exposure to cold the adrenalin secretion rises, leading to lipolysis of adipose tissue thus creating more heat. 


In the new boms of polar mammals, the brown fat is very remarkable and occurs all over the body. 


In the uterus, the fetus was exposed to a temperature of about 38° C whereas on birth it becomes exposed (in an arctic environment) to a temperature of, say, -40° C, thus facing a thermal shock of 78° C.


As the exposure to cold occurs, severe stimulation of sympathetic develops and there is intense brown fat metabolism and great amount of calorigenesis , helping the new born to survive. It is now covered by its mother, who has, in the meantime, recovered from the stress of labor and crouches on the new born thus providing warmth to the new born. Brown fat, to some extent is also seen in human new boms (but not in the adults).


Thyroxine secretion is also increased but this comes long afterwards. Increased thyroxine causes the BMR to rise. Thyroid overactivity is thus a feature of the people living in cold environment.


THERMOREGULATION IN HOT ENVIRONMENT


As in cold adjustment, thermoregulation in hot environment is also achieved chiefly by, 


(i) hypothalamic mechanism, 


(ii) behavioral adjustments.


I.	Hypothalamic mechanism


In hot environment, there is cutaneous vasodilatation so that core heat brought to the skin can be dissipated to the surroundings by conduction, convection and radiation, provided the temperature of the environment is lower than that of the body.


When the environmental temperature exceeds 36.8° C ('set point' of hypothalamus) sweating starts. For the sweating also, cutaneous vasodilatation is needed. Sweat is evaporated which leads to cooling of the body (see earlier part of this chapter, for details).


The vasodilatation and sweating occur due to hypothalamic stimulation. In the rostral part of hypothalamus there is a center, which when stimulated, causes cutaneous vasodilatation plus sweating. The mechanism is : heat receptors are present in the hypothalamus; hotter blood, on coming in contact with the heat receptors of hypothalamus, stimulate them → stimulation of rostral hypothalamus → sweating + cutaneous vasodilatation.


Viewed in this way, the hypothalamus may be regarded to harbour a thermostat, for thermoregulation in our body. It acts to achieve thermoregulation in both hot and cold environment.


II.	Behavioral adjustments


Lying bare bodied on cold floor, bathing in cold show er, sitting underneath a tree (trees 'transpire' just as we sweat and evaporation of the transpired water causes cooling of the region around the tree) are some common behavioral methods.


In addition, circulation of air by fans, cold drinks are also useful methods.


3.Appetite falls; food intake, particularly intake of protein food, falls.


4.Voluntary muscular activities and sporting activities diminish and the muscle tone is reduced.


Cold and warm receptors. Till a few years ago, it used to be believed that Ruffinis end organ and Krauses end bulb (table 10B1.1.2) were the cutaneous heat and cold receptors respectively. It is now known this idea was erroneous and probably no definite histological structure acts as either cold or heat receptors. Nevertheless, cold and warm spots in our skin do exist, the cold ones outnumbering the warm ones heavily. Therefore, today, it is fashionable to speak in terms of cold and warm receptors or spots.


Neurotransmitters (NTs) in hypothalamus. As al ready stated, the NTs in the hypothalamic neurons include 5 HT, noradrenalin (NA), histamine, prostaglandin, dopa mine and so forth. For the thermoregulation, the 5 HT and NA are important.


Experiments on cats suggest that activation of serotonergic neurons in rostral hypothalamus leads to shivering and vasoconstriction whereas NAgic activity causes cutaneous vasodilatation and fall of body temperature. Also prostaglandin causes rise of body temperature.


THERMOREGULATION IN THE POIKILOTHERMICS


Some broad hints only will be made. (1) these animals in order to remain alive, must keep their temperature within physiological limits, although without having the benefits of the hypothalamic thermostat. (2) In the winter, snakes and frogs often go inside a hole in the earth, where the temperature is warmer. (3) In excessively hot climate, they reside by the side of water (ponds/river). (4) They avoid places where the temperature is unmanageably extreme.


APPLIED PHYSIOLOGY


Fever


Fever occurs in mammals and submammals alike. In the homeothermic animals, the basic mechanism of fever (pyrexia) is : the hypothalamic thermostat is reset, from a normal set point (which was, say at 37° C), to above i.e. to a new set point, say, at 38° C, so that until the body temperature is sufficiently high, the reset thermostat of the hypothalamus considers it (the body temperature) below normal. Thus, in the above example, until and unless the body temperature is 38°C, the hypothalamus will consider it subnormal (so that in this man, body temperature, now, is 38°C). However, once the body temperature is sufficiently high and reaches the new set point of the hypothalamus, further rise of temperature is prevented by the hypothalamus.


Mechanism


There are many causes of fever but bacterial infection is probably the commonest cause. In infection, due to bacteria, bacterial toxins act on the neutrophils to release a substance, chemically a polypeptide, called 'endogenous pyrogen' (EP). EP in turn, acts on various areas of the brain (particularly the preoptic area of hypothalamus) and the set point of hypothalamus for thermoregulation is reset at higher level; for this to occur, release of prostaglandins is essential at hypothalamic level [prostaglandin biosynthesis, therefore, if inhibited, should result in antipyretic (antifever) action ].


The teleologic benefits of fever are probably : the elevated body temperature 


harms the invading micro organisms and 


(ii) raises the antibody production, thus reinforcing the defence mechanism


However, fever, also by the associated tachycardia, embarrases the cardiovascular system. It also causes increased catabolism. Very high fever can cause irreversible damage of brain and death. Fever over 104°F should be immediately lowered by drugs or other proper measures.


Antipyretics


These are drugs which reduce pyrexia (fever). Aspirin is a typical example. As stated above, in the production of fever, prostaglandins play an important role and aspirin causes inhibition of the synthesis of prostaglandins and thus acts as an antipyretic. It is to be noted that apart from the fever, prostaglandins also play important roles in production of the inflammation and pain. Aspirin thus is an antipyretic, antiinflammatory and analgesic drug. Many other drugs act as aspirin


Pyrogens are substances which produce fever. As stated above bacterial cell wall contains substances, (lipopolysaccharides) which are powerful pyrogenic agents and are not destroyed by boiling water, the bacterial pyrogens interact with the neutrophils to produce endogenous pyrogen, which on reaching the hypothalamus, causes fever. Exogenous pyrogen mean the pyrogen of bacterial origin, which chemically is lipopoly saccharide, whereas endogenous pyrogen means substances like interleukin I (see, 'monokines', p. 60) and the polypeptide produced by the neutrophib.


Heat stroke


This condition, also called heat hyperpyrexia, typically occurs when the environmental temperature is very high (say in the outdoor of north Indian summer noon) and the person is unaccustomed to heat. Nevertheless, local inhabitants are also susceptible. The risk increases, when the subject undertakes heavy manual work.


The outstanding features are 


(i) absence of sweating 


(ii) high body temperature. Rectal temperature may reach around 42° C. There is congestion of the brain and CSF tension rises. Ultimately unconsciousness develops. Post mortem examination reveals degeneration of the neurons in the hypothalamus and other areas of brain. Heat stroke, therefore, is due to failure (due to the death) of the hypothalamic heat regulating mechanism. Treatment, in principle, consists of cooling the body, doing lumbar puncture (to relieve CSF tension) and treating associated complication like circulatory shock. Lack of sweating has given rise to the picturesque clinical phrase, 'dry hot man'. It is generally agreed that death occurs when the core temperature exceeds 43° C.


Heat exhaustion


This develops due to excessive sweating in a hot environment. The condition is characterized by tachycardia, hypotension, cramps and oliguria. Heat exhaustion may sometimes pass into heat stroke.


Hypothermia


When the core temperature is lowered, the metabolism is reduced and the needs of the body are also reduced. While a critical surgical operation (eg, operation on the heart) is being made, a deliberate hypothermia, by artificial means, is usually made, so that the vital organs of the body can withstand the lack of blood supply to a better extent. After the operation, the core temperature is allowed to return back to normal values. The core temperature can be lowered to as low as about 23° C and even then the person can be induced to return to normal temperature without any damage. However, spontaneous recovery to normalcy, usually does not occur if the core temperature drops below 28° C.


Thermoregulation in the newbom and in the old


Newborn. If the room temperature is low (eg. cold climate), the new born, while born is suddenly exposed to a cold environment.


Drawbacks of the newborn are, 


(i) its hypothalamic thermostat is less efficient, and 


(ii) it lacks the behavioral adjustment. Further, 


(iii) its surface area in proportion to its body weight, is greater, so that the new born loses its body heat (to the cold environment) more speedily.


However, not to speak of the newborns of the polar animals, even the human neonates have brown fat whose lipolysis causes great heat generation 


(ii) the BMR in the new born is high and rises rapidly in the first few hours of life. Anyway, warmth must be provided to the new born, by artificial means, in cold climate. Hypothalamic efficiency is also poor in the old and thus they are also susceptible to cold injuries.


Summary.


Thermoregulation


In short, within our body, there is an arrangement, by which our body temperature remains at around 37° C, irrespective of the external temperature. If there is cold environment in the outside, there is cutaneous vasoconstriction, standing up of the hair (horripilation) and shivering, Or, when there is a hot environment, there is sweating, cutaneous vasodilatation and relaxation of the muscle tone. By these mechanisms, the body heat is either preserved (as in exposure to cold environment) or vigorosly lost to the exterior (in hot environment) and the temperature within the body remains constant at 37° C. Hypothalamus detects the external environmental temperature and when necessary sets the thermo regulatory machine in our body in action. Viewed in this way the hypothalamus acts as a thermostat.





Practical class 3. Food and nutrition





The questions for self-study:


Importance of food


Principles of dietetics


The balanced diet


Some common foods


Applied physiology





Importance of food


Food is eaten for the purpose of supplying the energy for such vital activities like pumping action of heart, maintenance of respiration, keeping the body warm, for various metabolic activities and so on. These are instances of energy expenditure which occurs even at rest. Additional energy expenditure occurs during muscular activities or during exposure to cold.


We also require food for other purposes. These include : (i) supplying of vitamins and essential amino acids, i.e., substances which cannot be synthesized in the body. Even regarding substances which can be synthesized in the body the source of the raw materials, ultimately, is the food.


For the children and convalescents, food is the basis of growth (in children) or replenishment of materials lost from the body during the sickness (in convalescents).


In short, food serves the following purposes mainly : 


supply of energy, 


(ii) formation of tissues of the body (growth, replenishment of loss due to wear and tear), 


(iii) maintenance of body temperature, which is actually a corollary of the first point (energy supply).


Principles of Dietetics


1 Introduction


Taking care of the calorie requirements.


Protein : 


		(a) cause of its indispensability;


first class and second class; biological va lue of proteins, supplementary proteins;


quantity of protein required, different re commendations;


protein rich foods;


protein malnutrition.


Fat :


		(a) Is it indispensable ? Essential fatty acids.


Advantages of fat in the diet.


Dangers associated with excess food fat. Saturated versus unsaturated fat.


Optimal requirement.


Carbohydrate : 


		(a) Quantity required.


(b) Advantages and disadvantages of carbohydrate.


Vitamins and minerals.


Fibers, roughage.


Food habits, taboos, cost considerations.


Loss : Cooking , digestibility.


Introduction


The scientific basis of NUTRITION is called "the principle of dietetics". The amount, proportions of the different food matters (e.g., protein, carbohydrate, fat), content of vitamins and minerals etc. are optimal. 


The principles of dietetics are as follows :


1. The calorie need must be satisfied and extra calories provided for growing children or convalescents. Under supply of calories leads to "calorie starvation" whereas excess supply of calorie leads to "obesity"; both conditions are harmful.


[1 gm of protein or 1 gm of carbohydrate supply 4 Kcal each but 1 gm fat supplies 9 K cal. Protein intake per day in healthy adult should be constant, about 1 gm/kg body wt; caloric needs are adjusted by varying the fat and carbohydrate].


The proximate constituents of the food, that is protein, carbohydrate and fat should be in ideal proportion in the food. Too much deviation from this optimal proportion leads to disease. Quality of these proximate constituents, particularly protein and fat must be satisfactory.


Vitamins and minerals must be present satisfactorily in the food.


Food must contain sufficient fibrous element and roughage. However, a great increase of them is not desirable.


Food habits, religious or other taboos, availability of prescribed food, all must get due considerations.


6. Loss of food values due to cooking must get due consideration. In addition, digestibility of a food also should be considered.


The water intake should be sufficient. However, in general, water is not considered as a food.


Calorie need


This must be satisfied. Question arises what is the calorie need of a given individual (whose diet is to be formulated) and how to calculate it ? General principles are described first.


In an adult healthy man ( = a man who is not gaining or losing body weight) the calorie intake = the calorie expenditure.


Again, the calorie expenditure = BMR + extra calories expended during various works.


BMR in a healthy adult person can be calculated, BMR is 40 K cal or 37 K cal, per sq m per hour in males and females respectively. 


One of the most universally applied practical method for the masses is to keep a weight chart of the person concerned. The person (who is, say, healthy adult) is allowed to eat as much as he likes (i.e. 'his appetite governs the amount of food'). Subsequently if he begins to develop obesity, the calories are cut down. Or if there is loss of body weight, calories are added. However, in case of growing children this should lead to normal growth.


In this connection, it is important to have a gross idea about the calorie requirement at the beginning. Heavy manual workers (wood choppers, earth diggers, rickshaw pullers, sportsmen undergoing training for the tournament) for every hour of their heavy muscular work, expend around 570 K cal/hr (= 2,400 K/hr) or more. Values for light and moderate works are also available. Examples of light works are shaving, dressing and light domestic works. Examples of moderate works are walking at brisk pace, soil tilling in agriculture and so on. The interested reader can consult special books1.


On an 'average', moderately working healthy adult male require about 2200 Kcal/day.


Excess intake of calories will lead to as stated earlier, obesity, whereas the reverse produces starvation; both the conditions have been discussed towards the end.


The principle of 'appetite governing the amount of food to be taken' works excellently with the animals. The animals, when given a free access to food, will eat only that much food required by it, not more not less. However, some human beings are prone to eat excess and develop obesity when they have free access to food. However, there is no easy and practical method (which can be used by the masses), to determine the exact number of calories needed in a given individual.


The best method for him is to follow appetite governing the amount of food and watch his own weight.


Protein


Cause of indispensability : Protein of satisfactory quality must be present in the diet, in sufficient quantity. 


Protein is required for 


(i) replenishment of the lost tissues, lost due to wear and tear, 


(ii) for accretion of new tissue during growth, convalescence and pregnancy;


 (iii) for synthesis of enzymes (all enzymes are protein in nature), protein hormones (e.g. insulin, parathormone, ADH etc.) and breast milk; 


(iv) for maintenance of concentration of plasma proteins. These are the reasons, which make food protein, an essential (. essential = indispensable) article of diet. 


Besides these reasons, there are other reasons why protein is needed by the body :


(i) Extra heat : protein helps generation of excess heat due to its SDA (specific dynamic action). For this, people living in cold environment like to take extra protein in their diet. By the same token, persons living in hot and tropical climates do not like to have excess protein.


(ii) many persons have a great fascination for such proteins like meat or fish which whets up their appetite.


Quality of protein : First class and second class proteins : Essential amino acids


Of the 20 amino acids found in our body, some can be synthesized by the body whereas others cannot be synthesized. Those amino acids which cannot be synthesized, obviously have to be supplied from outside in the form of food. Such amino acids, which must be supplied from outside are called essential (i.e., indispensable) amino acids (isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan, valine.)


The great majority of proteins of our body contains all the (essential as well as non-essential) amino acids. Therefore our food proteins should be such that they supply all the essential amino acids in addition to the non essential aminoacids (non-essential amino acids, however, can be synthesized in our body, provided the raw materials for synthesis are available).


Proteins that contain all the essential amino acids  are called first class proteins.


Proteins in which one or more essential amino acids are missing are called second class proteins. As a rule, the animal proteins [that is proteins of animal origin (like the proteins of meat, fish, milk and egg)] are first class proteins. One exception is, gelatin, which although an animal protein (obtained from tendons and ligaments) is a second class protein.


Some vegetable proteins (that is proteins of plant origin) are second class proteins. However, some vegetable proteins, e.g. rice protein, is first class protein.


Previously, (unfortunately) first class proteins and second class proteins were equated with animal and vegetable proteins respectively. As it is now well known that many vegetable proteins are first class proteins, such equations are not made now.


Supplementary proteins


Wheat contains two proteins, gliadin and glutenin. Now, gliadin is poor in lysine and so it is an incomplete or second class protein. Glutenin, which is also present in the wheat, is very rich in lysine. When one eats, he eats not gliadin or glutenin in isolated way but eats wheat as a whole, so that the deficiency of gliadin is made good by glutenin. This is an example of supplementary role of proteins.


In the world of vegetarians ('vegans'), this knowledge seems to be naturally present, although those vegans may be totally unaware of any idea of proteins, let alone supplementary role of proteins. 


Biological value of proteins


Amino acid composition of our body protein may simulate closely or differ widely from the amino acid composition of the food proteins. Where the similarity is close, the food proteins (provided they have been digested satisfactorily) can synthesize body proteins more economically. Such food proteins (whose amino acid composition resembles that of our body proteins closely) are called "protein of high biological value". In general animal proteins have high biological values.


Conversely, where the amino acid composition of the food protein differs widely from that of our body protein, the food protein cannot be used by our body very economically. Such proteins are called proteins of low biological values. Some vegetable proteins are of low biological value and some other vegetable proteins (e.g., rice protein, wheat protein) have a high biological value.


According to the biological values, ranking of the protein can be (and has been) made. Thus, egg protein is superior to milk though both belong to the class of animal proteins. For human infants, mother's milk protein has a superior biological value than cow's milk protein. If the biological value is high, the amount of the food protein needed will be less. Therefore, inspite of the lower concentration of protein in mother's milk (compared to cow's), mother's milk is fully satisfactory from nutritional point of view, to the human baby.


But it is important to remember that too much stress need not be given on biological values of food protein (excepting for the growing children). From what has been stated in connection with supplementary protein, it is obvious that combinations of several food proteins, covers up any possible deficiency in the biological values.


Quantity of protein required


How much protein is required per day per head ? Recommendations vary widely from author to author. Some are given below:


In the 1900s Chittenden in USA found that only 42 gms/ day for healthy adults is enough. On the other hand, Voigt found from his studies on German workers that the daily requirement may be around 150 gms of protein. These two represent two extreme ends of the view.


According to a recommendation of BMA (British Medical Association) Committee of Nutrition, 11% of the total calories should come from protein. As an example, a person requires 2200 Kcal/day. 11% of 2200 = 242 K cal. Now each gm of protein = 4 Kcal. 242 K cal can come from 242 + 4 = 60 gms of protein approximately.


The most widespread idea is, an adult requires 1 gm/kg/ day of food protein. Thus, if he (or she) weighs 65 kg, the protein requirement is 65 gm/day.


The protein requirement increases in the following conditions :


(i) Growing children.


Infants require 3 to 5 gms of protein/kg body wt/day and most of the protein should be animal proteins or proteins of very high biological value. Throughout the period of growth, (which completes around 18th year in the boys) greater proportion of protein is required. Between 14th to 16th year in the boys, when there is again a fresh spurt of growth, heavier quantity of protein is to be given.


(ii) Lactation, pregnancy. The protein requirement is about 1.5 gm/kg body wt/day.


(iii) Convalescence.


It should, however, be remembered that if the food protein is mainly from proteins of very high biological values (meat, egg, fish) the amount of the daily requirements will be on the lower side whereas if the proteins are mainly from those of the lower biological values, the requirements will be on the higher side.


Protein rich foods


Meat (20%), fish (20%), egg (15%), cow's milk (3.5%) are some of the excellent sources of protein of high biological value. The figures in the bracket indicate percentages of protein. Thus, 100 gms of lean meat (free from fat and bones) contain 20 gms of protein.


Dal (about 20%), legumes (about 25%), rice (10%), wheat (10%) are some examples of vegetable proteins. (The figures in the bracket indicate their protein concentration). Because of the quantity consumed, rice and wheat have assumed major importance as protein suppliers of Indian diet. Soya bean is another vegetable rich in protein, but the quality of protein in soya bean is low.


Protein malnutrition


In the underdeveloped countries, protein malnutrition is a serious problem. One dangerous form of protein malnutrition is 'Kwashiorkor'. This disease was first reported in Africa, but it is quite common in India and other poorer Asiatic Nations. It occurs in infants, and young children, who after weaning from breast milk cannot get cow's milk or any other good protein and instead have to thrive mainly on carbohydrate diet. There is also a concomitant lack of energy (calorie) supply and hence the disease should be called a 'protein-energy starvation'. Victims cease to grow, become edematous and show dermatitis (due to associated vitamin deficiency). A very important laboratory finding is low serum albumin concentration.


Effects of excess protein intake


It is often stated excess protein eaters are prone to suffer from gout, hypertension and constipation. It is also sometimes stated that an excess protein eater begins to look older than his or her real age.


The European and North American pattern of food ( = a food containing high proportion of meat), perhaps is a heavy predisposing factor for cancer of the colon.


Proteins, when taken in excess, produce a rise of body temperature due to its high SDA(specific dynamic action). In colder climates, this is beneficial to the person but in tropical countries like India, this is deleterious. Further, heavy physical workers and sportsmen may find, due to the high SDA values of food protein, that excess amounts of proteins cause deterioration of his (or her) efficiency (as higher body temperature reduces the physical working capacity of an individual).


Nitrogen balance


This term should be understood. NH2 group of deaminated amino acids are removed from the body as urinary nitrogen (urea). Thus from the quantity of nitrogen excreted, the protein equivalent can be calculated. In an adult, due to wear and tear, endogenous protein breakdown occurs but is exactly replenished by food N2 and he is thus in N2 equilibrium. Similarly, during growth, there is +ve N2 balance, ie, more N2 input occurs than N2 excretion and so on. SDA (Specific dynamic action)


All the three proximate constituents of foodstuff, viz protein, carbohydrate and fat, exhibit this phenomenon. However, it is with the protein, the phenomenon assumes great importance, because the SDA value for protein is highest.


An example will help to understand the phenomenon of SDA : 25 gms of protein is supposed to yield 100 K cal of heat. But if 25 gms of protein be ingested, within the body, not 100 K cal but 130 K cal of heat will be evolved. This extra 30 K cal is due to the SDA of protein. Therefore, SDA of protein is 30%; similarly, for fat and carbohydrate, the values are approximately 13% and 5% respectively.


The cause of SDA of protein is believed primarily to be due to two reasons 


deamination of amino acid, and 


(ii) urea synthesis — both of which produce heat. For glucose it may be the conversion glucose into glycogen. 


While formulating a diet, provisions for SDA must be kept.


FAT


Is fat indispensable in the food ?


By the term 'indispensable', it is meant that if this item is absent in the food, there will be deleterious effects on health. 


There are a few fatty acids, called 'essential fatty acids' (EFA) which cannot be synthesized by the animals and therefore have to be supplied through the food. These essential fatty acids are linoleic, linolenic and arachidonic acids. Incidentally all these acids are also 'polyunsaturated' fatty acids (that is, fatty acids which have more than one double bond).


People who consume polyunsaturated fatty acids (vegetable oils) do not develop hypercholesteremia easily.


In growing human infants, essential fatty acid deficiency has been reported. It has also been reported, under extraordinary circumstances, in adult persons too. However, the incidences of such EFA deficiency in adults are very rare.


Eicosanoids (= prostaglandins, leucotriens and thromboxane) are derived from arachidonic acid. It is advocated that about 2% of total energy expenditure should come from arachidonic acid.


Besides, the fat soluble vitamins (A, D and E) are present in the edible fats, A and D in the animal fats and E in the vegetable oils.


For all these reasons, on the whole, some amount of fat, particularly polyunsaturated fatty acids are desirable in the food. However, the middle aged or elderlies should take low quantities of fat. 


Advantages of fat in the diet


(i) 1 gm of fat yields 9 K cal of heat. Therefore, where the calorie requirement per day is very large (e.g. hard manual laborers), a greater amount of food fat is desirable as it reduces the bulk of the food. A great bulk of the food is inconvenient. Further, during cooking, carbohydrate imbibes water and increases the bulk of the food to a still greater extent. A classical example is the lumbermen (of yesteryears) of Sweden and Canada who used to consume about 6,000 K cal/day and 60% of the energy came from food fats. Champion sportsmen during their training period consumes heavier quantity of fat.


(ii) Fat makes the food more palatable. As a rule, attractive and palatable items of food are those which contain good deal of fat or oils.


(iii) Fat prevents too rapid emptying of the stomach and thus prevents the need of too frequent eating.


(iv) As already stated, fat supplies EFA as well as vitamins A, D and E in the food.


Dangers of excess food fat. Saturated and unsaturated fats


1.	Atherosclerosis.


People who ingests greater quantity of saturated fats, are prone to develop hypercholesteremia and atherosclerotic disorders (coronary thrombosis, cerebral thrombosis and so on). As a rule animal fats like tallow (beef fat), mutton fat, lard (pork fat), ghee etc and hydrogenated fats like 'Vanaspati' are saturated fats. Edible oils like ground nut oil, safflower oil etc are rich in polyunsaturated fatty acids.


Oils containing rich amounts of polyunsaturated fatty acids reduce the serum cholesterol level and hence are antiatherosclerotic. Coconut oil is an exception; although of vegetable origin it is a saturated fat.


All races which consume heavy amounts of meat, concomitantly ingest heavy quantity of saturated fats and have greater tendencies to suffer from atherosclerotic disorders. Examples of the Japanese may be cited. A Japanese in Japan eats very low quantity of saturated fat and coronary thrombosis is not a common disease in Japan. But the Japanese of USA, who consume the American styled food containing high quantities of saturated fat, suffer frequently from coronary heart disease.


Another disadvantage of fat is that, it is comparatively undigestible. Too much fat in a single meal can produce acute indigestion. Saturated fats are usually more indigestible.


There are strong reasons to suspect that women (particularly obese women) consuming excess fat are more susceptible to cancer of the mammary gland. More important, unlike atherosclerosis, both saturated and unsaturated dietary fats can predispose to mammary cancers.


Optimal requirement


1.	The amount of dietary fat which will satisfy a per son varies from race to race. Orientals, particularly east and south east Asiatics, consume and remain satisfied with very low amounts of fat (sometimes with only 20 gms/day) whereas Westerners, particularly the north Europeans and Canadians, consume great quantities of fat (often 150 gms or more for a moderately working man). The low fat consum ing orientals, however, do not suffer from any disease for their low fat intake.


2.	Many authors prescribe that 25% (but no more) of the total calories consumed, should come from fat. Thus, for a person consuming 2,500 K cal/day, 625 K cal (i.e., about 70 gms) but not more, may come from fat. A good portion of food fat should come from the oils (polyunsaturated fatty acids).


carbohydrate


Quantity required


The rest of the energy should come from carbohydrate. Example


Let a man, weighing 70 kg, require 2500 K cal/day. How much of it should come from carbohydrate ?


Protein requirement is 1 gm/kg body wt/day = 70 gm protein = (70 x 4) = 280 K cal. Fat requirement is 25% of 2,500 K cal = 625 K Cal ( = 70 gms of fat). The rest, that is [2500 -(280 + 625)] = 1,600 K cal (approx) must be provided by carbohydrate.


Carbohydrate requirement is 1,600 + 4 = 400 gms/day (= 64% of calories).


Advantages and disadvantages


Carbohydrates are the cheapest of all foodstuff. However, they are apt to produce fermentation in the gastrointestinal tract. Among the poorer sections of Indians over 80% of the calorie needs are satisfied by the carbohydrates.


Carbohydrate rich foods are rice (about 70%), wheat (about 70%), cane sugar (100%), potato and so on.


Protein sparers


The non essential amino acids can be synthesized provided the raw materials are available in the body. Intermediaries of glucose and fatty acids are such raw materials and the NH2 group can be obtained from transamination and deamination processes. Therefore, excess carbohydrate and fat intake can reduce the need of food proteins. For this, carbohydrates and fats are called 'protein sparers'.


VITAMINS AND MINERALS


Diet should be rich in vitamins. Recall further, vit. A has anticancer effect. Of the minerals, Na, K, Ca, Fe, iodine and fluorine are important.


In short, between 10 to 15 gms of NaCl are consumed/ day. If the supply is short, the body tries to retain Na tenaciously (that is, Na excretion is remarkably reduced). Short supply of Na, however, from nutritional point of view, is not important because ordinarily it does not occur (shortage of Na occurs in some special conditions, e.g. some forms of renal disease. They are, however, not important from nutritional standpoint). Excess Na supply is however important as our ability to excrete sodium is not highly satisfactory; excess sodium in food may help to develop high blood pressure. There are conditions where it is necessary to use a 'salt free' (Na restricted diet). Foods comparatively deficient in sodium are rice, wheat, fruits, milk and sugar.


The daily intake of K is between 2 to 3 gms in average. Plant foods are rich in K.


Calcium is obtainable from milk, milk products and egg. For details see chap. 6.3. Growing children and lactating women require more calcium.


iodine is obtainable from sea fish and sea water. People living far away from the sea should be supplied with table salts containing iodine, otherwise they may develop goiter. 


Iron rich foods are egg, liver, meat and some vegetable food. Milk is , deficient in iron.


 Fluorine deficiency causes 'mottlings' on the teeth and dental caries. Fluoride ions are widely distributed in nature but our chief source of fluoride are plants, foods and water. In certain areas of the world, drinking water is deficient in fluorine. That is why fluoride ion is added to the water supply to the extent of 1 ppm (part per million) in some countries.


FIBERS AND ROUGHAGE


Leafy vegetables containing a cellulose or hemicellulose coating, are indigestible in human intestine. Hence if such substances are present, they tend to increase the bulk of the feces and 'mass peristalsis' is favored, and constipation can be avoided. Great amounts of leafy vegetables however can produce diarrhea.


Plant components (cellulose/hemicellulose/pectins/ lignins etc.) which cannot be digested by the enzymes of our digestive tract are collectively called fibers. Strong evidences indicate that, lack of fibers in the diet predispose colorectal cancer, breast cancer, diverticulosis and coronary heart disease. Grams, peas and dal contain good deal of indigestible vegetable fibers.


LOSS


In an average menu, loss due to cooking and indigestibility together may account for about 10% of the food value.


THE BALANCED DIET CHART


The calorie requirement varies from person to person and in the same person from time to time. To adjust this, carbohydrate (rice, wheat, potato, sugar, jaggery and so on) and fats and oils (butter, ghee, cooking oil) should primarily be adjusted whereas, ordinarily, protein should not be considered for adjustments of calories.


SOME COMMON FOODS


Common articles of food may be divided as follows:


I.	Meat, fish, egg


Sources of animal protein (meat about 20%, fish same as meat, egg about 14%). Proteins are of very high quality. Disadvantage is high cost. However, because of the Government policy of encouraging poultry in most states of India, price of egg is not high. The associated fat (in ordinary butcher's cut of meat) is however saturated and its ingestion predisposes to atherosclerosis.


Milk, milk products (excluding ghee/butter): Milk is almost a complete food, very high quality protein.  


Grains (cereal) : Rice and wheat. Rich in starch and con tain between 7 to 10% protein. Protein is of good quality. 


Important. See that, 


there is enough fibers in the diet (to prevent colorectal cancer, breast cancer, atherosclerosis, diverticulosis), 


plenty of caroteinoids are taken (to prevent cancer lung, breast cancer),


fat, particularly saturated fat intake is low 


NaCl is restricted and finally (v) sugar intake is low.


IV.	Pulses (dal) and legumes:


Protein content of the dry dal is between 20% to 25%; cheap.


By legumes, usually the dried peas and beans are meant. Soyabean is also a kind of legume. They contain high amount of vegetable protein. Soyabean contains approximately 40% protein and 17% fat.


V.	Nuts (peanuts, almonds, walnuts, ground nuts, etc): Very rich in fat (about 40%) and protein (about 25%) content is almost equal to dal.


IV.	 Roots and tubers : Potato and sweet potato are examples of tubers. They are rich in starch but poor in fat.


Carrots and beet roots are examples of roots. Beet is a rich source of sugar like sucrose but not of starch. Protein content is very low. Carrot has protective effects against lung and breast cancers.


VII.	 Green Vegetables : Green leafy vegetables are primarily taken to increase the bulk of food and to avoid constipation. Other vegetables like brinjal, pulbul, lady's finger etc. are low in calories.





APPLIED PHYSIOLOGY


Obesity


Introduction. Every healthy person has some fat in his adipose tissues, which can be mobilized when there is lack of energy input (starvation) to provide energy. Teleologically, therefore some extra fat is desirable, particularly for our primitive ancestors (who, sometimes, had to face acute shortages of food) or in a comatose patient who might have to remain without food for days together.


Normally however, in todays society, with food, supply usually assured, obesity is a major health hazard. This is because, obesity is associated with a number of diseases, notably, diabetes mellitus, coronary artery atherosclerosis, breast cancer, hypertension and so on. Further, with todays beauty (how does one look) conscious society, obese people are often laughing stocks for others.


Two types of obesity are described : 


secondary, where the obesity is due to some endocrinological or CNS disease, like hypothalamic syndrome/Cushing's syndrome/hypothyroidism etc, 


 primary, where obesity cannot be explained due to a frankly recognizable (endocrinal, CNS and so on) disease. 


Defining obesity is difficult, 


A rule of thumb is whenever the body fat percentage (normally fat accounts not more than 18% of the gross body wt) rises more than 25%, obesity can be declared. Clinically, body fat percentage can be determined by measuring the thickness of skin (and subcutaneous tissue) in subscapular regions or over the triceps, by specially designed skin calipers; the value thus obtained is then treated by suitable formula, 


Another (old) method is to compare the body wt (with reference to the height) with standard height weight tables (provided by life insurance companies etc); however, this method is not satisfactory because a man with heavy muscular built, by this method may be found overweight although he is not obese 


a method, called Quetelet index is fairly dependable : in this method, body wt (in kg) is divided by the square of height (in meters); in normal persons, value should not exceed 25 (eg. Wt 80 kg, height 1.8 m; the index is 80 + (1.8)2 = 24.7 approx). 


Most often, however, obesity is simply judged by the appearance, pinching the abdominal skin etc.


Types of obesity. Fat, in the form of triglyceride, is deposited in the adipose tissues in every form of obesity. However, 


in one type, the obesity occurs chiefly round the waist; this form of obesity is more frequently associated with the diseases and is thus worst than 


the other type, where fat deposition occurs chiefly over the buttock.


Cause. The immediate cause of obesity is excess energy input, ie, the person eats more than his (or her) requirement. 


Role of hypothalamus. Hypothalamus has a set point. A person (presuming he is adult and healthy) has a sort of predetermined fat mass. If the person has below that level of fat in his body, he will overeat until he reaches that 'predetermined' fat mass. Conversely, if, by some design, his body fat mass is more than the 'set point', his appetite will diminish and his food intake will reduce. Appetite (or anorexia) depends principally on the hypothalamus (and also to some extent on the stomach). In short, the hypothalamus has a set point. Hypothalamus detects whether a set point is exceeded or underreached. If exceeded, anorexia occurs; if underreached, appetite increases, and the person over eats. Various feed back signals reach the hypothalamus on the basis of which the hypothalamus is informed of the quantity of the body fat mass. One such signal may arise from the adipose issue themselves.


It is highly likely that every person has a fixed hypothalamic set point, which means, if, for correction of his (her) obesity, the person underfeeds himself, he will have a constant tendency to over eat because his hypothalamus will be constantly trying to reach its own set point. It is because of this, it is comparatively easy to reduce the body fat mass after a few days of starvation, but to stay in that state is difficult. 


Role of stomach. Stomach does not have a major role in the regulation of hunger and satiety. Anyway, if the stomach is full, the sense of hunger is diminished. Therefore, roughage, green vegetables, taken in excessive quantities can keep, to some extent, the hunger subdued and yet can keep the energy in put low. This forms the basis of so called diet courses for the obese.


		Role of adipose tissue lipoprotein lipase (ATLA). Recall, there are several types of lipoprotein lipases in our body, ATLA being one of them. ATLA hydrolyses the triglycerides of lipopro tein and the fatty acids (FA) thus released are incorporated into the adipose tissue cells (adipocytes). Obese people, in general, have excessive concentrations of ATLA.


		Role of brown fat. In the adult, the amount of brown fat is usually meager. Nevertheless, brown fat activity causes development of great heat, ie, brown fat activities cause calorigenesis and this in turn raises the BMR, which in turn raises the energy output and reduc tion of body fat. Obese persons have no brown fat in their body (in contrast to normal persons who have some, although meager, quantity of it).


		Psychological factors. Habits


Many persons eat when it is 'time for the meal' no matter, whether he is feeling hungry or not. This often leads to excess energy input. Some persons will eat whenever he finds 'good food', no matter whether he is hungry or not. Some psychiatric persons (eg, some cases of depression) often over eat. It is important to remember depression in extremely common in the present day society and many such cases are never suspected even to be suffering from depression.


Dangers of obesity. Atherosclerosis, hypertension, diabetes mellitus, mammary cancer, gall stones are some diseases which are associated with obesity. Some well known adages, reflecting the observation and wisdom of the lay people may be quoted : 


people dig their own graves by their teeth, 


(ii) longer the belt, shorter is the life, 


(iii) (diabetes is), fat man's folly 


if you want to eat for longer number of days, eat less each day, and so on.


Diabetes deserves special mention. The maturity onset (NIDDM) diabetes commonly occurs in the obese persons. It is now known that in the obese 


the insulin receptors, in the membranes of the target cells, are too few in number and 


there is a deficiency of post receptor events — the two features precipitate the onset of NIDDM type of diabetis. Body wt reduction usually reduces the ferocity of the diabetes. 


Treatment. Physiological basis.


Obesity is very difficult to correct. Ultimately speaking, the aim is to see that energy input becomes less than the energy out put. (It is to be understood that there is no known method by which the hypothalamic set point can be readjusted in man. Therefore, basically the treatment of obesity is symptomatic). Common forms of treatment are:


A.	Medical


Energy input is reduced, 


Drugs are, for various reasons not popular. 


B.	Surgical


Various surgical procedures have developed to tackle extreme obesity. One commonly done is, small intestinal bypass surgery, where jejunum is anastomosed with a loop of ileum near its terminal (so that a good deal of small intestine is by passed). Result is, ultimately speaking, diminished energy input. Very often the patient becomes a chronic sufferer from various after effects of this operation.





Practical class 4. The Vitamins





The questions for self-study:


Definition.


Classification.


Role of vitamins.





Definition : The vitamins are "accessory food factors" which are organic in nature and must be supplied from outside to maintain the health, growth and the state of well being of a person. As a rule, only trace quantities of vitamins are required by the body.


'Accessory food factors' are substances which are to be taken, not for obtaining calories (in contrast to carbohydrate, fat and protein of food, which between them take care of the calorie needs of the person) but for some other purpose. Without these accessory factors the person will suffer from ill health and may even die. Vitamins are such accessory factors.


Vitamins cannot be synthesized in the body. Thus, they must be supplied from outside, e.g., through foods. Some vitamins (eg., vit K, some members of vit B complex) are synthesized by the bacteria of the intestine. However, the intestinal content is, from the physiological, developmental and clinical points of view, outside the body (so that synthesis by intestinal bacteria is to be considered as outside the body). One apparent exception is vit D. 7 dehydrocholesterol, is normally persent in our skin and on exposure to sunlight is converted into vit D. Sunlight therefore can replace dietary vit D. Vitamins as a rule, are required in trace quantity and our daily foods, as a rule, contain very small amounts of the vitamins. However, the amount is usually sufficient. One apparent exception is vit C (ascorbic acid) whose daily requirement is not exactly a trace quantity. (Further it has been estimated that a gorilla consumes about 4 gms of vitamin C per day).





CLASSIFICATION


The vitamins are divided into two great classes


Fat Soluble Vitamins : A, D, E, K.


Water Soluble Vitamins : B and C.


Later on it was found that within the water soluble vitamin B, many different vitamins (e.g, thiamine, riboflavin, niacin etc.) are present. So today, the term 'vitamin B' is no longer used and instead, 'vitamin B complex' is used.
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