








Timeline of Acid-Base Balance and Buffer Systems (pre-1908 to 2000) Pre-1908: 

Physiological  understanding  exists  that  maintaining  hydrogen  ion  (H+) concentration within a narrow range is crucial for life, as slight pH changes can significantly impact cellular functions, protein configurations, and organ systems. (Bernardi) 

Daily  metabolism  produces  acids  (CO2,  sulphuric  acid,  phosphoric  acid, organic  acids  like  lactate  and  ketone  bodies)  that  challenge  acid-base balance. (Bernardi) 

1908: 

L.J.  Henderson  contributes  to  clarifying  the  relationship  between  acid strength and neutrality preservation. (Cherif, Yoshi) 1916-1917: 

K.A.  Hasselbalch  further  develops  the  calculation  of  blood  hydrogen  ion concentration  from  free  and  bound  carbonic  acid.  The  Henderson-Hasselbalch  equation  is  formulated,  expressing  the  relationship  between pH, pK, and concentrations of an acid and its conjugate base. (Cherif, Cullen, Goel, Pomberger) 

1934: 

Crandall  and  Anderson  develop  the  thiocyanate  method  for  determining extracellular space. (Yoshi) 

1937: 

Saito, K. publishes work on the manometric method for total CO2 content of blood and urine. (Yoshi) 

1944: 

Gregersen,  M.I.  publishes  work  related  to  blood  volume  measurement methods, such as the Evans blue method. (Yoshi) 

1947: 

Asper,  S.P.,  O.  Schales,  and  Schales,  S.S.  publish  a  modified  method  for chloride determination. (Yoshi) 

1948: 

Hastings,  A.B.  and  Singer,  W.B.  create  a  nomogram  for  human  blood  to estimate blood buffer action. (Yoshi) 

1949: 

Fukuyama, T. and Sato, T. publish an equation for calculating serum water content from specific gravity. (Yoshi) 

1950: 

Conway,  E.J.  publishes  "Microdiffusion  Analysis  and  Volumetric  Error." 

(Yoshi) 

Schreiner,  G.E.  publishes  work  on  the  inulin  infusion  method  for determining extracellular fluid. (Yoshi) 

1951: 

Brodie,  B.B.  publishes  work  on  the  analysis  of  N-acetyl-amino-antipyrine (NAAP) concentration for total body water estimation. (Yoshi) 1953: 

Yamamoto,  Y.  publishes  work  on  the  congo-red  method  for  measuring circulating blood volume. (Yoshi) 

Darrow  and  others  study  buffering  mechanisms  in  acidotic  rats, demonstrating  H+  exchange  with  intracellular  cations  and  correlation between serum bicarbonate and intracellular sodium/potassium. (Yoshi) 1954: 

Bates and Bower establish standard potential for the silver-silver-chloride electrode. (Papadimitriou) 

1956: 

Asada, T. publishes on electrometric estimation of titratable acidity. (Yoshi) K. Roberts, J. Poppell, P. Vanamee, R. Beals, H. Randall publish an evaluation of respiratory compensation in metabolic alkalosis. (Cherif) J.  Poppell,  P.  Vanamee,  K.  Roberts,  H.  Randall  publish  on  the  effect  of ventilatory insufficiency on respiratory compensations. (Cherif) 1957: 

A study group in New York, USA, notes that umbilical cord blood gas analysis can indicate preceding fetal hypoxic stress. (Baik-Schneditz) 1958: 

James LS, Weisbrot IM, Prince CE, Holaday DA, Apgar V. publish "The acid-base status of human infants in relation to birth asphyxia and the onset of respiration." (Baik-Schneditz) 

1959: 

Yoshimura,  H.  and  Fujimoto,  M.  publish  on  instruments  for  pH 

measurement. (Yoshi) 

Yoshimura, H. and Inoue, T. publish on flame photometer use. (Yoshi) 

1960: 

Hisato Yoshimura, Mamoru Fujimoto, Osamu Okumura, Jyunichi Sugimoto, and  Tsutomu  Kuwada  conduct  experiments  on  dogs  infused  with hydrochloric acid to study acid-base regulation, documenting a "three-step-regulation" process. (Yoshi) 

1964: 

Van  Leeuwen,  A.M.  publishes  work  on  net  cation  equivalency  of  plasma proteins. (Bernardi) 

1965: 

Casey  T.H.,  Summerskill  W.H.,  Bickford  R.G.,  and  others  study  body  and serum potassium in liver disease. (Bernardi) 

1966: 

Kelman, G.R. and Nunn, J.F. publish nomograms for blood gas correction for time and temperature. (Cullen) 

Rossing,  R.G.  and  Cain,  S.M.  publish  a  nomogram  relating  PO2,  pH, temperature, and hemoglobin saturation in dogs. (Cullen) 1967: 

M.S. Albert, R.B. Dell, R.W. Winters publish "Quantitative displacement of acid-base equilibrium in metabolic acidosis," introducing Winters' formula. 

(Cherif) 

1968: 

K.  Engel,  R.B.  Dell,  W.J.  Rahill,  C.R.  Denning,  R.W.  Winters  publish 

"Quantitative displacement of acid-base equilibrium in chronic respiratory acidosis." (Cherif) 

1969: 

V. Fencl, J. Vale, J. Broch publish on respiration and cerebral blood flow in metabolic acidosis and alkalosis. (Cherif) 

Carter,  J.M.  and  Brobst,  D.F.  publish  a  comparison  of  canine  capillary, arterial, and venous blood pH. (Cullen) 

English, P.B., Hardy, L.N. and Holmes, E.M. publish on plasma electrolytes and P CO2 in normal sheep. (Cullen) 

1970: 

R. Pitts publishes "Physiology of the Kidney and Body Fluids." (Cherif) 1971: 

Eagle,  H.  publishes  on  buffer  combinations  for  mammalian  cell  culture. 

(Prins) 

Herbert,  D.A.  and  Mitchell,  R.A.  publish  on  blood-gas  tensions  and  acid-base balance in awake cats. (Cullen) 

1974: 

H. Davenport publishes "The ABC of acid-base chemistry." (Cherif) R.C.  De  Sousa,  J.T.  Harrington,  E.S.  Ricanati,  J.W.  Shelkrot,  W.B.  Schwartz publish  on  renal  regulation  of  acid-base  equilibrium  during  chronic  acid administration. (Cherif) 

Harris,  W.H.  publishes  on  hemoglobin,  blood-gas,  and  serum  electrolyte values in swine. (Cullen) 

Wichser J, Kazemi H. publish work on ammonia and ventilation. (Bernardi) 1975: 

Mitchell, B. and Williams, J.T. publish normal blood-gas values in lambs and adult sheep. (Cullen) 

1976: 

Prytz  H,  Thomsen  AC.  publish  work  on  acid-base  status  in  liver  cirrhosis. 

(Bernardi) 

1977: 

Khoo,  K.H.,  Ramette,  R.W.,  Culberson,  C.H.,  Bates,  R.G.  publish  on determining hydrogen ion concentrations in seawater. (Papadimitriou) Steffey,  E.P.,  Wheat,  J.D.,  Meagher,  D.M.,  and  others  publish  on  body position and ventilation mode influence on arterial pH in horses. (Cullen) Poulsen, J.S.D. and Surynek, J. publish on acid-base status of cattle blood. 

(Cullen) 

1978: 

W.B. Schwartz, J.J. Cohen publish on the nature of renal response to chronic acid-base disorders. (Cherif) 

1979: 

Rose, R.J., Ilkiw, J.E. and Martin, I.C.A. publish on blood-gas, acid-base, and hematological values in horses during an endurance ride. (Cullen) J. Uribarri, M. Zia, J. Mahmood, et al. publish on acid production in chronic hemodialysis patients. (Wieliczko) 

1981: 

Mooney K.G., et al. publish on dissolution kinetics of carboxylic acids and the effect of pH under unbuffered and buffered conditions. (Garbacz) Middleton, D.J., Ilkiw, J.E. and Watson, A.D.J. publish on arterial and venous blood-gas tensions in clinically healthy cats. (Cullen) 

Cornelius, L.M. and Rawlings, C.A. publish on arterial blood-gas and acid-base values in dogs with various diseases. (Cullen) 1982: 

J.T.  Harrington,  J.J.  Cohen  publish  "Metabolic  acidosis"  in  "Acid-Base." 

(Bernardi) 

S.  Javaheri,  N.S.  Shore,  B.  Rose,  H.  Kazemi  publish  on  compensatory hypoventilation in metabolic alkalosis. (Cherif) D.A.  Bushinsky,  F.L.  Coe,  C.  Katzenberg,  J.P.  Szidon,  J.H.  Parks  publish 

"Arterial P CO2 in chronic metabolic acidosis." (Cherif) 1983: 

J.W. Widdicombe, A. Davies publish "Respiratory Physiology." (Cherif) Hannon, J.P. publishes on blood acid-base curve nomogram for immature pigs. (Cullen) 

UNESCO publishes "Algorithms for computation of fundamental properties of seawater." (Papadimitriou) 

Oster  J.R.,  Vaamonde  C.A.  publish  "Metabolic  Alkalosis"  in  "Textbook  of Nephrology." (Bernardi) 

N. Van Breemen, J. Mulder, C.T. Driscoll propose three main pH buffering mechanisms in soils. (Luo) 

1984: 

W.B. Busa, R. Nuccitelli publish on metabolic regulation via intracellular pH. 

(Cherif) 

1985: 

Magdoff, F.R. and Bartlett, R.J. publish on soil pH buffering. (Luo) 1986: 

R. Hainsworth publishes "Acid-Base Balance." (Cherif) Guyton, A.C. publishes "Textbook of Medical Physiology." (Cullen) 1990: 

S.E. Courtney, K.R. Weber, L.A. Breakie, S.W. Malin, C.V. Bender, S.M. Guo, et  al.  publish  "Capillary  blood  gases  in  the  neonate.  A  reassessment  and review of the literature." (Baik-Schneditz) O. Thews, H. Hutten provide a comprehensive model of dynamic exchange processes during hemodialysis. (Cherif) 

D.  Dickson  publishes  works  on  standard  potential  of  the  silver-silver-chloride electrode and total proton scale. (Papadimitriou) 

Haussinger  D,  Steeb  R,  Gerok  W.  publish  work  on  ammonium  and bicarbonate homeostasis in chronic liver disease. (Bernardi) J.K. Leypoldt, N.L. Lew publish on death risk in hemodialysis patients and predictive value of measured variables. (Wieliczko) Aitken,  R.L.,  Moody,  P.W.,  and  McKinley,  P.G.  demonstrate  soil  pHBC  is primarily determined by clay content. (Luo) 

1991: 

K.  Hermansson,  U.  Lindberg,  B.  Hok,  G.  Palmskog  publish  on  wetting properties of silicon surfaces. (Bhat) 

1992: 

A. Saili, A.K. Dutta, M.S. Sarna publish on the reliability of capillary blood gas estimation in neonates. (Baik-Schneditz) 

G. Breneman, O. Parker publish on spreadsheet titration of diprotic acids and bases. (Ganesh) 

Aitken, R.L. studies relationships between extractable Al, soil properties, pH 

buffer capacity and lime requirement. (Luo) 

1993: 

L. Coli, M. Ursino, C. Brighenti, L. Chiari, A. De Pascalis, G. Avanzolini publish on  prediction  of  solute  kinetics,  acid-base  status,  and  blood  volume changes during profiled hemodialysis. (Cherif) 

Campbell et al. investigate the apparent standard potential of the Harned cell with synthetic seawater. (Papadimitriou) 

Moreau  R,  Hadengue  A,  Soupison  T,  et  al.  publish  on  arterial  and  mixed venous acid–base status in patients with cirrhosis. (Bernardi) 1994: 

R.J.  Groszmann  publishes  "Hyperdynamic  circulation  of  liver  disease  40 

years later." (Bernardi) 

S.M. Blower, H. Dowlatabadi publish on sensitivity and uncertainty analysis of complex disease transmission models. (Cherif) C.H. Orchard, H.E. Cingolani publish on acidosis and arrhythmias in cardiac muscle. (Bernardi) 

DOE  publishes  "Handbook  of  Methods  for  the  Analysis  of  the  Various Parameters of the Carbon Dioxide System in Sea Water." (Papadimitriou) Aitken, R.L. and Moody, P.W. study the effects of valence and ionic strength on pH buffer capacity measurement. (Luo) 

1995: 

Hensing  M.C.M.,  et  al.  publish  on  the  effects  of cultivation  conditions  on heterologous α-galactosidase production by Kluyveromyces lactis. (Prins) T.K. Ho publishes on Random Decision Forests. (Pomberger) 1996: 

S. Bennett publishes "A brief history of automatic control." (Pomberger) R. Bodmeier, et al. publish on the influence of buffer species and strength on diltiazem HCl release from coated beads. (Garbacz) J.R. Oster, G.O. Perez publish "Derangements of acid–base homeostasis in liver disease." (Bernardi) 

S.  Sepandj,  K.  Jindal,  B.  Kiberd,  et  al.  publish  on  metabolic  acidosis  in hemodialysis patients. (Wieliczko) 

1997: 

J.M.  Lorenz,  L.I.  Kleinman,  K.  Markarian,  M.  Oliver,  J.  Fernandez  publish 

"Serum  anion  gap  in  the  differential  diagnosis  of  metabolic  acidosis  in critically ill newborns." (Goel) 

R.T.  Brouilette,  D.H.  Waxman  publish  "Evaluation  of  the  newborn’s  blood gas status." (Goel) 

W.S.T. Thompson, J.F. Adams, R.A. Cowan publish "An outline of acid-base balance" in "Clinical Acid–Base Balance." (Bernardi) K.R. Arrigo, D.L. Worthen, M.P. Lizotte, P. Dixon, G.S. Dieckmann publish on primary production in Antarctic sea ice. (Papadimitriou) P. Barak, B.O. Jobe, A.R. Krueger, L.A. Peterson, D.A. Laird study effects of long-term soil acidification due to nitrogen fertilizer inputs. (Luo) 1998: 

M.  Bernardi,  S.  Calandra,  A.  Colantoni,  and  others  study  Q–T  interval prolongation in cirrhosis. (Bernardi) 

C.  Baker  Brachmann,  et  al.  publish  on  designer  deletion  strains  of Saccharomyces cerevisiae. (Prins) 

A.J. Williams publishes "ABC of oxygen: assessing and interpreting arterial blood gases and acid-base balance." (Goel) 

J.B. West publishes "Respiratory Physiology." (Cherif) J. Sambrook, E.F. Fritsch, T. Maniatis publish "Molecular Cloning." (Ganesh) Shaw,  R.J.,  Coughlan,  K.J.,  and  Bell,  L.C.  publish  on  root  zone  sodicity  in 

"Sodic Soils." (Luo) 

1999: 

R.E.  Glaser,  M.A.  Delarosa,  A.O.  Salau,  C.  Chicone  publish  on  dynamical approach to multi-equilibria problems. (Ganesh) 

J.A.  Sargent,  M.  Marano,  S.  Marano,  F.J.  Gennari  publish  "Acid–base homeostasis  during  hemodialysis:  New  insights  into  the  mystery  of bicarbonate disappearance during treatment." (Cherif) U. Imtiaz, S.S. Jamuar, J.N. Sahu, P.B. Ganesan publish on bioreactor profile control by neuro and PID controllers. (Pomberger) N. Modi publishes "Chapter 39" in "Textbook of neonatology." (Goel) R.  Thorp,  R.S.  Rushing  publish  "Umbilical  cord  blood  gas  analysis."  (Baik-Schneditz) 

R.E.  Shangraw,  F.  Jahoor  publish  on  the  effect  of  liver  disease  and transplantation on urea synthesis. (Bernardi) 

J.H. Waters, L.R. Miller, S. Clack, and others study the cause of metabolic acidosis in prolonged surgery. (Bernardi) 

J. Uribarri, N.W. Levin, J. Delmez, et al. publish on the association of acidosis and nutritional parameters in hemodialysis patients. (Wieliczko) 2000: 

V. Fencl, A. Jabor, A. Kazda, and others publish on the diagnosis of metabolic acid-base disturbances in critically ill patients. (Bernardi) L. Coli, M. Ursino, A. De Pascalis, C. Brighenti, V. Dalmastri, G. La Manna, et al. publish on evaluation of intradialytic solute and fluid kinetics. (Cherif) R.D. Adelman, M.J. Solhaug publish "Chapter 52. Hydrogen ion" in "Nelson textbook of paediatrics." (Goel) 

J.D. Kopple publishes "National kidney foundation: K/DOQI clinical practice guidelines for nutrition in chronic renal failure." (Wieliczko) P.R.  Bloom  publishes  "Soil  pH  and  pH  buffering"  in  "Handbook  of  soil science." (Luo) 

Roscoe, R., Buurman, P., and Velthorst, E. study disruption of soil aggregates by ultrasonic energy. (Luo) 

L. Kramer, B. Tribl, A. Gendo, and others study partial pressure of ammonia vs. ammonia in hepatic encephalopathy. (Bernardi) 











Acid-Base Balance: A Comprehensive Study Guide This study guide covers the fundamental concepts of acid-base balance, its regulation,  common  disorders,  and  diagnostic  methods,  drawing  from various provided sources. 




Part 1: Detailed Study Guide 

I. Introduction to Acid-Base Balance 

Definition:  Acid-base  balance  refers  to  the  physiological  process  of maintaining a stable extracellular pH within a narrow range (normal arterial pH 7.35-7.45) for optimal cellular function. 

Key Indicators:pH: Negative logarithm of hydrogen ion (H+) concentration; primary indicator of acid-base status. 

Acidemia: Arterial pH < 7.35. 

Alkalemia: Arterial pH > 7.45. 

Acidosis: A disorder that lowers pH. 

Alkalosis: A disorder that raises pH. 

Importance:  Crucial  for  optimal  cellular  enzyme  function,  metabolism, protein  configuration,  cell  membrane  polarization,  and  overall organ/system function. 

Maintaining Homeostasis: Dependent on a complex system of buffers and organ systems (lungs and kidneys). 

II. Body's Buffer Systems 

General Function: Substances that attenuate changes in pH by binding to excess H+ ions (preventing pH decline) or releasing H+ ions (preventing pH 

rise). Most effective when 50% dissociated (pH = pK). 

Major Buffer Systems: Located in blood plasma, red cells, interstitial fluid, intracellular fluid, and bone mineral matrix. 

Bicarbonate Buffer System (HCO -

3 / CO2):Equation: CO2 + H2O ⇌ H2CO3 ⇌ 

H+ + HCO -

3  

Henderson-Hasselbalch Equation: pH = 6.1 + log([HCO -

3 ]/[0.03  x  Pa  CO2]) 

(at  body  temperature  38°C,  solubility  coefficient  of  CO2  is  0.03 

mmol/mmHg). 

Ratio: Normal [HCO -

3 ] : [0.03 x Pa CO2] ratio is 20:1 when pH is 7.4. 

Open  Buffer  System:  Very  efficient  in  the  body  because  Pa  CO2  is maintained  at  a  constant  value  by  the  respiratory system,  minimizing  pH 

change upon fixed acid addition. 

Role  of  Red  Cells:  Carbonic  anhydrase  catalyzes  H2CO3  formation,  H+ 

buffered  mainly  by  hemoglobin,  HCO -

3   leaves  red  cell  in  exchange  for 

chloride ions (chloride shift) into plasma. 

Phosphate Buffer System
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