Chapter 26: Fluid, Electrolyte and Acid Base Balance

I. Body Fluids-total body water. ICF-intracellular ECF-& IF-interstitial Fig. 26.1 

   A. Water-universal solvent, electrolytes –dissociate into particles (more osmotic activity), non-electrolytes (mostly organic). (mEq/L) milliequivalents per liter.

      1. Comparison of Extracellular and intracellular fluids Fig. 26.2

          a) Except for high protein component in plasma, extracellular fluids are similar

          b) Sodium and potassium ion concentration in ECF and ICF are opposite

          c) Bulk of dissolved solutes is the proteins and nonelectrolytes.

       2. Fluid movement between compartments-continuous mixing and exchange is regulated by osmotic and hydrostatic pressure. Fig. 26.3

           a) In general, substances must pass through both the plasma and IF in order to reach the ICE.
           b) Protein free plasma is forced out of the blood into the interstitial space by the hydrostatic pressure-later most is reabsorbed in response to colloid osmotic pressure. (The left over is picked up by lymph)

           c) Two way osmotic flow of water is substantial-ions are restricted (need active transport or channels)

           d) Increasing the ECF solute content (NaCl) causes osmotic and volume changes in the ICF –resulting in water loss from the cells and vise versa.
II. Water Balance and the ECF Osmolality: Water intake = water output 
    A. Insensible water loss-from lungs, skin. Some lost through perspiration and feces

About 60% through kidneys

   B. Water intake-thirst mechanism in hypothalamus triggered by increase in plasma osmolality .

      a) Osmoreceptors lose water by osmosis-or are activated by angiotensin II or other stimuli. Fig. 26.5

      b) neg. feedback occurs quickly even before water balance is achieved a
   C. Regulation of Water output-insensible water loss and sensible water in urine

       1.  Closely tied to ionic sodium, cardiovascular function and blood pressure

       2. ADH influences the amount of water reabsorbed in the collecting ducts.

       3. Hypothalamus senses the ECF solute concentration and trigger or inhibit ADH

       4. ADH is also influenced by large changes in blood volume or blood pressure

   D. Disorders in Water Balance

      1. Dehydration-hemorrhage, burns, vomiting, diarrhea, profuse sweating, water deprivation and diuretic abuse. (Diabetes also)

          a) clinical symptoms-sticky oral mucosa, thirst, dry flushed skin, decreased urine output (oliguria), prolonged-weight loss, fever, mental confusion

          b) Water is lost from the ECF, which allows for osmotic movement of water from the cells to the ECF, which equalizes the osmolality  even though total volume is down.

        c) Electrolytes are usually lost as well

      2. Hypotonic Hydration-renal insufficiency or large quantities of water are drunk

          a) ECF is diluted, resulting in hyponatremia (low ECF Na+) which results in net osmosis into tissue cells causing them to swell

          b) Severe metabolic disturbances-nausea, vomiting, muscular cramping and cerebral edema. (Hypertonic saline is used to reverse osmotic gradient)
     3. Edema-accumulation of fluid in the interstitial space, leading to tissue swelling (not cellular)-increases volume ONLY in the IF.

       a) Increase in capillary hydrostatic pressure and permeability, due to incompetent venous valves, localized blood vessel blockage, congestive heart failure or high blood volume. (Inflammatory response also)

       b) Imbalance in colloid osmotic pressure-hypoproteinemia-malnutrition, liver disease or Glomerulonephritis.

      c) Surgical removal of lymph vessels

      d) Impairs function for nutrients and oxygen to get into cells and the cardiovascular system, when blood pressure drops. 

III Electrolyte Balance-Table 26.1 Causes and Consequences of Electrolyte Imbalance

(Salts, acids, bases, Na+, K= and Ca++ obtained in food and fluids, some metabolic, lost in perspiration, feces and urine, also vomiting and gastrointestinal disturbances)

    A. ECF sodium content remains stable-ADH and thirst-WATER FOLLOWS SALT

       1. A change in sodium plasma levels affect plasma volume and blood pressure, thus the ICF and IF.

       2.. Na+ balance is linked to blood pressure and volume, neural and hormone controls, most Na+ reabsorbed in PCT, rest in loop of Henle.
      3. Influence of Aldosterone and Angiotensin II

          a) Aldosterone increases ECF volume, Na+ is actively reabsorbed in DCT and Collecting ducts

          b) Aldosterone inhibited, results in dilute urine and loss of Na+  Fig. 26.8

   B. Influence of Atrial Natriuretic Peptide ANP Fig. 26.9

       a)  Reduces blood pressure and volume by inhibiting other factors

       b) Female estrogens enhance NaCl reabsorption (progesterone opposite)
       c) Glucocorticords enhance tubular reabsorption

       d) Cardiovascular baroreceptors

            (1) Blood pressure increase, increases urine and Na+ output

            (2) Blood pressure decrease, decreases urine and Na+ output

   C. Regulation of Potassium : Hyperkalemia and Hypokalemia

       1. K+ levels rise with acidosis and drop with alkalosis

       2. PCT reabsorbs 60-80% of K+, and ascending loop of Henle 10-20%-this can alter the amount of K+ secreted into the filtrate.
       3. the most important influence of K+ secretion is the concentration in the Plasma

      4. Salt substitutes are high in Potassium, which is ok as long as Aldosterone release is normal. If absent or insufficient, Hyperkalemia is swift and lethal. Hypokalemia could result from too much Aldosterone, thus lowering the K+ levels which would shut off nerves.

   D. Regulation of Ca++ and Phosphate ions (HPO4-)

      1. Hyperkalemia- inhibits nerve and muscle cells, arrhythmia
      2. Hypocalcaemia-increased excitability of nerves and muscle titan
      3. Parathyroid (PHT) hormone

           a) Declining levels stimulate parathyroid, affecting bone (osteoclasts) small intestine and kidneys-thus stimulating Ca++ absorption and decreasing Phosphorus

           b) Most reabsorption occurs passively in PCT and via paracellular route.

            c) H2PO4 is reabsorbed in PCT by active transport to the transport maximum Tm

      4. When ECF Ca++ levels are w/in normal (9-11 mg/100ml blood), or higher, PTH secretion is inhibited, thus Ca++ from bone is inhibited and more Ca++ is lost in urine and more phosphate is retained. (Insulin increase and glucogon decrease also affects)
   E. Regulation of Anions-Cl- is the major anion-accompanies Na+ in ECF (also helps with osmotic pressure)

      1. When Blood pH is w/in normal or slightly alkaline, about 99% of filtered Cl- is reabsorbed passively in the PCT. (Na+ and Cl- are usually coupled)

      2. Acidosis-less Cl- goes w/Na+ (because HCO3-) reabsorption is stepped up.

      3. Most other anions have Transport maximum, so excess shows up in urine

   F. Acid-Base Balance-Moat acids are metabolic by-products

      1.>7.45 Alkalosis or alkalemia

      2. < 7.35 Acidosis ( between 7.35 and 7.0 Physiological acidosis) 

         a) Chemical buffers

             (1) Bicarbonate HCO3- is only important ECF buffer,.

             (2) Phosphate-H2PO4- is more important in ICF 
             (3) proteins-important in cells-amphiteric molecules are reversible in acid/base depending on pH. (Hemoglobin)
         b) Brain stem respiratory centers-physiological buffering system, slower but stronger.
            (1) When blood pH goes up, respiratory center is depressed, thus increasing CO2 and H+ concentration

            (2) Anything that impairs the respiratory system can cause acid=base imbalance

            (3) Hypoventilation results in acidosis: Hyperventilation results in alkalosis 26.2
         c) Renal mechanisms (take longest)-phosphoric, uric, lactic and ketones (metabolic)
              (1) Conserving (reabsorbing) or generating new HCO3-

              (2) Excreting HCO3-, which will result in losing H+
                   (a) Secreting H- occurs mainly in PCT and Type A intercalacated cells of the collecting tubule=rate rises and falls w/CO2 levels in ECF (Fig. 26.12-140

G. Abnormalities of Acid Base Balance (Respiratory/Metabolic)
   1. Respiratory acidosis-shallow breathing, pneumonia, congestive heart failure, emphysema, increases in carbon dioxide in blood, lowering of pH. Causes could include alcohol, excess loss of HCO3- (diarrhea), increased ketones, lactic acid, starvation and kidney failure

      (a) ph <7.35

      (b) changes in rate and depth of breathing

      (c) HCO3 <22mmEq/L

      © PCO2 <35mHg
   2. Respiratory alkalosis-Carbon dioxide is eliminated faster than produced-hyperventilation, stress and pain. pH of the blood increases, could be the result of gastrointestinal problems including too many antacids.
     (a) slow shallow breathing
     (b) pH >7.45
     (c) Bicarbonate >26mEq/L

     (d) Pco2>45mmHg

   3. Renal compensation-in acidosis the ion levels go up and in alkalosis they go down, the kidney can’t compensate if it is a renal failure or problem.

H. Infants have more problems with balances-(more water in body)

   1. Low residual volume in lungs

   2. high rate of fluid intake/output

   3. high metabolic rate

   4. high rate of insensible water loss

   5. Inefficiency of infant kidneys

   6. Dehydration acidosis, amplified by vomiting and diarrhea

Table 26.2 Causes and Consequences of Acid/Base imbalances

In the elderly, the speed of readjustment declines due to diseases such as diabetes and heart failure.

Read: A Closer Look “Sleuthing: using Blood values to  determine the cause of Acidosis or Alkalosis”
