
3, Henderson-Hasselbalch eguation and lts significance

Derivatlon of Hendrrson-Hasselbalch eouaflon

A weak acid, HA, ionlzes as follows:

HAplf +A-
The equllibrium constant for this dlssoclation ls

Cross-multiplication gives

lH"llA-l=K,[HA]

Divide both sides by [A-]:

.. trrltA-tl\ =-. 
tHA]

rH,i=K.ffi

Take the log of both sides:

bc( IHA]log[H- ]= K,
IA-]

Multiply through by -1:

=l"c&.bcffi

IHA]
tA-l

-log[H*]- -iogK. - 1og

Subnitute pH and p(a for -log [H+] and -log Ka, respectively; then

pH=p& -bcffi
lnverslon ofthe last term removes the mlnus slSn and gives the Henderson-Hasselbalch

equation

pH=pK.+log lA-l
IHAI

OR

pH = pK" +log lsaltl
lacid)

pH = pK, +log lbasel
lacidl
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oTES FOR 6.7 & 6.

1, Acid, Bases & pH

Arrhenius concegt of aclds and bases - Aclds dlssoclate ln water to Slve hydrogen ions (H')
and bases dissociate to glve hydroryl lqns (OH ).

!gylE-99!gSE!- Acld accepts electron pair and base donates elect.on pait.

Bronsted-Lowrv theorv - Acid donates H+ iohs arld bases accept H' ions.

The acid-base palr that ditfers only by one proton is called a conjugate acid-bose
pair.

NH: Hzo

base

NHa' + OH-

coDtugale
baso

co{lpgate

. ,ihe conJugde bdse o, o strcng odd wlll be q weok bose, and also vice versa.

EHllelg(proposcd by Sorenson)

. lt is the H' concentration expressed as the negatlve logarithm of hydrogen lon
concetfaration.

pH = -loglH +] = log
1

ir, +l

. Thus, the pH value is inversely proponional to the acidity-

. pH 7 indicates n€utralpH.

2. Buffers and buffering capacity

Buffers - solutions which can resistchanges in pH when acid or alkali is added.

Composition ol a buffcr- 2 types of butters are there:
. Mlxtures of weak acids with thei. salt with a strong base OR
. Mixtures ofweak bases with their salt with a strong acld.

Examples
o H:COr,/NaHCOr (EisarbonaE buffrr- .arbonlc acld and sodlum b,carbonate)
o CH:C9OH/CHTCOONa (Acctate buffer- acetic acid and sodium acetate)
o NazHPo./NaHrPo. (Phosphate buffer)

Bufferint capacity - defined as the number of moles of acid or base required to be added to
one litre ofthe buffer solution so .s to change its pH by one.
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Butfer systems of the bodv are:

!Itg.

t lgryg.

i 
, ttratbumin

KI?O.
&t Po.

l(hco.

M9, x'ltb
ir-Hb

(HCq
r!@,

Eicarbonate buffer svstem lNaHCOr/HrCO1)

. Mllol .xtr.crllullr 6uffer.

. Most important buffer system in the plasma.

. NaHCO: is the metabollc component regulated by the kldney.

. HrCO3 is the respiratory component regulated by the lungs.

. The ratio of HCoj to Hrcor at pH 7.4 ie 20 under normal conditions- This ls rnuch
hiSher than the theoretical value of 1 which ensures maximum effectiveness. But,
under physiological conditions, the ratio of 20 (a hlth alkali reserve) ensures hith
bufferinE c.pacity agaihst acids.

PhosDhate buffer svstem (Na,HPo,/NaH,Po,l

. Major intr.cellular buffer.

. The phosphate buffer ls found to be effedive at a wide pH range, because it has more
than one ionizable group and the p|<a values aae different forthese.

HrPO. rrKa = 1.96 , H' + H,POr-

Ti,PO; Ka : 6.8 H*+ HPO.= (Na.HPO., /NaHrPO,)

IIPOr= pKa : 12.4 H* + PO -t

Na2HPO4/NaH2Po4 is an effedive buffer system in the body becauJe its p(a rralue is

nearestto physlologlcal pH.

Protein buffer.sv+c4...(t!qef!98!9b!!,tr!!l!!3!Ig!qi!tl

. Buffering capacity of protein depends on the pKa valu. of its lonizable sidc chalns.

. The most effective group it histidine imidleol. Eroup with a P(a v'6lue of 6.1.

5. Respiratory regulation of blood pH

lntroduction

. Respiratory ae8ulatloh of blood pH is the sccond linc of defence a8ainst acid lo'd'

. Thls is achieved by changinS the pCOr.

. The respiratory gyst m responds immedlately. l{jt lt .annot Proceed to completion'
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some observatlons of Henderson-Hasselbalch equatlon ln various condition5:

When an acld ls exactly half-neutrallzed (whlch means only hrlf ofthe acld has
become lonlted or neutrallzedl. [A] = lHAl

pH= px" *usffi = ur. *r"s(i 
)= 

en *o

Therefore, at half-neutrali2ation, pH = pK". ft,is rs the pH ar which the buffer
will be most effective. The effective range of a buffer ls 1 pH unit hlgher or low€r
than pK. (plq i 1).

when thc ratio tA-ytHA] = L00: L,

nn=nr.+losffi
pH=pK"+log(100/t) =pl("+2

whcn the rauo tA-y[HA] = 1:10,

pLI = pK, + log(lll0) = pK, +(-1)

llt

Applicatiohs of Henderson-Hasselbalch eouation

.

This equation r.n predid the pH of a buffcr on th. addition of a known quantity of
acid and alkali.
The concentration of salt or acid can be found out by measuring the pH.
It can be used to calculate the amount ofacid and coniugate base to be combined to
prepare a buffer solution with a particular pH.
It helps in assessing the acid-base status ofthe body.
Predicts the limits of compensation of body buffers.

It,

4. Body buffers and their role in regulation of blood pH

I ntroduction
. cellular m.tabolism prcdomlnantly generates rclds, End body buffers av.rt

immlnent pH change by there acids.

. Thus, buffers are the tirrt-lin" of detence against acid load,

. The important ones ate:
o blcarbonate buffer
o phosphate buffer
o Paoteins
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pH of the buffer ls dependent oh theJelatlve orogortion of the salt and acid (according
to the Henderson-Hasselbalch equation).

Bufferinq capacitv of a buffer is determin.d by the absolute con.entration of the salt
and acid.

ALWAYS REMEMBER THESE POINTS:



6. Renal regulation of blood pH

lntrpductlon

. ReDal regulatlon of blood pH ls lhe thlrd line of defence aBalnst acid load.

. Thls ls achleved by changlng the pH of urlne (acidlllcatlon of urlne).

. The renal compensatlon of acld-base lmbalances occurs ln a long te.m manner and
is sustalned.

strateEies used bv renal requlation me.hanism

Thc mrior rrnalmcchanlsms for re8ulation of pH arc:

i. Excretion of free H'

ii. Recovery of filtercd bicarbonata

iii. Excretion ofTitratable acids

iv. Excretion of NH.' ions

Occurs in Proximal Convoluted
Tubules

Occurs in Distal Convoluted
Tubules / Collecting Duct

i. Excretion of free H'- Generation of bicarbonate (steos in the dia€ram belowl

o Very negli8ible amount of H+ is lost through this mechahism.

o The sodium.hydrogen antiport mechanism is present atthe api.al
membrane of both PcT and ascendinB limb ot the loop of Henle. when Na+

entersthe cell, H+ lons from the cellare secreted into the luminallluid.
Hence,Iactors affectin8 sodium, such ar the aldosterone hormone,
influence H+ secretlon.

o 3 HCO' lqns and one Na' ion are absorbed by a sampgrt syitem.
o carbonic anhydrae inhibitors like acet zolamide can inhibit this process.

o Underconditions ofalkalosis, the excess bica.bonate can be excreted.

o There is n.t excretion of H+ lons and het generation of Hco3-. So, this
mechanism has the potrntlalto lncrease the alkall reserve.

<-H +H'
Na*

co;

r
H2C03

l*
CO, + grg

\
4)

,'/.t-

*.+
L;'-

Proximal convoluted
tubular cell

rHnrsS

]F

Plasma
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l. Hypcrventllatlon/hypoventllattonprocess

o These processes are trlggered when the central and perlphetal
chemoreceptors sense lhe pH chEnge5.

o The below two dl.Brams wlll make lt clear how do thege mechanismi
operate dlfferently ln acldosls and alkalosls.

Respiratorv repulatlon in acldosis

& T

ln tissues. these reaction5 occur...

fldqi-

Carbonic anhydrase
H,CO3
HCO!- + H-
HHb

ln lunps. these reactions occua...

co, + t{,o
II.COT

H. + Hb-

HHb + O" 
---+ 

HbO, + H*
HCq-+H'---------------- H,cq
HiCOr > H,O+CO,

(.1

I

Resoiratorv requlation in alkalosis

lAL

I-

li. Hemoglobl[

o lt helps in thc rcmoval ot COl fi "Revercol ol Chloride shiff.
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iv. Excretlon of NH.'ions (steos in the diagram belowl

o Thls mcchEfllsm hclps trrp hydroEen ioni ld the urifle. 60 that a larga

quantitv of acid may be excreted.
o Here, instead of sodium-hydrogen antiport, sodlum'ammonium ion antlport

is present.
o Net loss of H+ lg.ls in urine
o Net galn of HCO!. ls present

Tubular cellPlasma

112' 
-- 

Na'

(+)H20
Glutamine 

-

(Glutaminase) l
NH

HCoi + n'r
H2C03

-------.--------

Glu Acid

3

CA

Hzo+coz

7. Anion gap

Definition

o lCs th. diffcrcnc. b.t\ r.en mc!3uacd cltlons (positively charged ions llke Na' and
N*) and measured anions (he8atively charged ions like Cl' and HCoi).

o The unmeasured anions constitut. the anlon gap-

Exolahation fo. Anion sap

The sum of cations and anions in ECF is always equal in orderto malntain elestrical
neutrality. Still, there ls a gap (anion gap) between the measured cations and anions.
This is due to the preslnce of protein anlons, sulfate, phosphatc and orBanic acids.

Equation foa Anioh qao

AG - [Na*] * [*" ] -[ct-] +[uco; ]

Jl,*
3,

t-

e9 lHRISS
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' Tubular lumen

a-

NH;
1H'is trapped
and excreted)
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li. Recoverv of filtered blcarbonate lsteps ln the dlaqram belowl

o The net effect of these processes l! the reabsorptloh of ,iltered blcarbonate,
which ls medlated by the 3odlum-hydrog.n cxchangcr. Thts mcchantsm
prevents the loss of HCOr'through urine.

o Thls ls malnly a mechanlsm to conserye the base.

o No net chanSe ln H'lons
o No net galn ot HCO3'

o Cannot corect acldosls, but can malntaln status quo.

Na*

H2CO3

H2O + CO2

iir. EIlIgUe! of Titratable acids (steps in the dia{ram belowl

o Hydrogen ions arc secreted by the distal tubules and collectin8 ducts bry

Hydrogeh ion-ATPase located in the aplcal cell membrane,

o 'Tltratable acidtry': Number of mlllllltres fr n Haott reCulred to thr.te 1

litre of urine to pH 7.4. This is a measure of net acld ercretlon by the Hdney.
o The maior titratable acid in urine is sodium acid phosphate.
o Net loss of H+ ions in urine occuas.

o Net Saln of HCOI. is present.

Tubular cell

Na

HCO;r
H2C03

,1

r
OI

t
?, SS\)

It,l
:1

H2O + CO2

Plesma Tubular cell Tubular lumen

ry-i- Hcot
HCOi + H*r -r'11

recovored
to plasma)

lo plasma)

CA

.HCO;

nUU.r +--
(Alkali ls

. rocovered

HzCO3

i*

Plasma Iubular lumen

Nat + NaHPOi

H'+ H"
Excreted

NaH2PO{

Excreted



9 HCo3- belng lost

o Suppose the blue area i5 the anion gap hcre.
o lf a condttion iike di.rrhoea occurs, it will lead to loss of HCO3- frcrn the

body, i.e., from the red area of measurable anions.

o But the body, to maintain electrical neutrality, will absorb an equal amount

ofchloride via the kidney.
o Thus, the size of the red area docs not chang.. The"fore, the blue area

(unmeasured anions) also does not change.

o Fhig i9 also known as hyPerthloremlc acadosls as chloride level increases as a

compensation for bicarbonate loss.

Causes of metabolic acidosis

Elevated Anion Gap" Normal Anion 6aP"

M-Methanol, metformin

D-Daberk (or alcoholic)
ketoacido5lr

P-Pa ra ldehyde, phenforrnin
l-lsoniazid, iron
t t --.i- .-il^?i?t_ - r-!rr th. rrr_.lr\, r.r

E-Erhylene glycol, ethanot
S-Saliclares

U-Ureteral cll'.tetsion
S-Saline lnfusion
E-Exogenous acid
D-Diarhea
C-Carbonlc anhydrase

inhibitors
^ ^ 

r-^^ -l t--,,a,:.-i^-.,I
Il ir(r.llr 
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8-Rer}.ll tubuLir .'lcidosis

Associated hYoerkalemia

. There is H'-K'antiporter in many ofthe cells in th€ body.

. As the H'ions increase in metabolic acidosis, many of them wlll diffuse lfito the cells
thus leading to diffusion of K+ outside the cells, thereby resuhing in hyperkalemia,

. Hence, ca.e should be taken while correding the acidosis, which may lead to sudden
trypol'Lrnis. This is mo.e li&.ly to happen in treaunE dlabelic ketoacidosis by gMng
glucose and insulln (insulin can drlve K' ions back lnto the cells) to8ether.

Clinical features of metaboic acidosis

. To compensate for the primary decrease of the metabolic component (HCOt), body
wlll try to decrease the respiratory component (pCOr) also as compensations always
occur in the direstion ofthe prima.y dlsturbance.

. So, to flush out CO2 from the body, the body will try to hypervendlate.

. The marted increase in respiratory rate and depth ofrespiration will lead to a
particular respiratory pattern known as Kusgmaul respiratlon.

A.

L

EspeciallyType l, Type ll and Type lV FrTA
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Normal range of anion gap = lZ ! z mmol/L
Use of anion paD

Used to find out the type of metabollc acldosls (dlscussed ln metabolic acidoslsl -
HAGMA (HtBh Anlon Gap Metabottc Acldosts) and NAGMA (NormalAnlon Gap
Metabollc Acidosls).

8' Acid base disturbance - Metabolic acidosis

Definitldrr

r Thls happens due to a prlmary deficlt ofblcarbonate.
. This can either be due to the HCO' getting used up or the HCoi belng lost ttom the

body.

Tvpes of metabolic acidosis

Depending on the .nion gap, it can be divided into 2:

. Hlah Anton Gop Metobollc Actdosts IHAGMA| + H@3- getting used up

o suppose the blue area ls the anion gap here.
o lf an acid llke salicylic acid accumulates ln the body, it wil, ditsocittc irlto

salicylate anion and H*.
o The H+ ions thus formed will combine with the HCO3- ion ln measurable

anions (red area) and will lead to de€rease in the number of measurable
anions.

o At the same time, salicylate anlons (being unmcasurable) accumuhte in the
blue arc. and thus the unmeasurable anions increase in amounttiereby
resulting in HAGMA.

-l i!i;

R,SS'J
.!

2-
a

(ATION' -ANION'



10.Acid base disturbance _ Respiratory acidosis

Definition

' Thls happens due to a prtmary er.ess of carbodc acld

Causes of respiratorv acidosls

.Na rcotics, barbiturates

'cNstrauma, tumors, lnfections, degeneration
.Comatosed patients
.Primary central hypoventilatioh

.COPD

.Asthma

.Lung infections
tAcuts Respiratory Dist!'e9s syrdrome (ARDS)

.Chest wall deformities

.lnability to breathe due to pneumotftorax or
pleuraleffusion

.Pickwlckian syndrome

.Sleep aprea

Tr.atment of resplrato.v acidosis

. Acltc caus" , Traqheat intubation, assisted mechanical vcntilat'on' oxl€en supPly

shouldbe g!rE!@!twg!
. chronic cause ) measu.es to improve lung function

11.Acid base disturbance - Respiratory alka,osis

Defihition

. This happens du€ to a ptlnary deffdt ofcarbonlc acld.

causes of resoiGtorv alkalosls

.Anxiew, hysteria

'HYPoxia
.CNs infections, stroke
.P@Enana!
.Hype.thYroiditm

.Pneumonla

.congestive Heart Oisease

. lnterstitial l-ung Disease

.Ventilator-induced hype/ventilatlon

\
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Treatment of metabollc acidosls

' stop the productlon of acld or loss of blcarbonate / treat the underlyinE cause.. Glve Hcoi Intravenously by calculattng th. 
"rrJamouit.' Always keep an eye on K. whlle cortectlng the acldosls.

9. Acid base disturbance - Metabolic alkalosis

Definition

o Thls happens due to a prlmary excess of blcarbonate.
Causes of metabollc alkalosls

o Prolonged vomiting or nasogastric suction
. Prolon8ed diuretic use (loop diuretics)
. Dehydration

. Mineralocorticoid excess (as in primary &
secondary hyperdldosteronism)

. Glucocorticoid excess (as in Cushing's syndrome,
Cushing's disease & exogenous cortisol therapy,

. Bartter Syndrome

. latrogenic causes (bicarbonate lV fluid therapy,
massive blood transfusion, antacids)

. Milk-alkali syndrome

Associated hvpokalemia

To fight the allali bulldup in th. body, the kidfley t.ies to canserue the H+ ions. tn
exchange, itgives out K'ions to malnfdin electrical neutrality,
Thls loss of x'ions rcsults in hypo*alemia.

Clinical features of m€tabolic alkalosis

Hypoventilation occurs as the body tries to correct the primary metabolic defect of
increased blca.bonate by increasinS the resplratory component (pCOr).

T.eatment of metaboic alkalosis

. Correction ofthe underlying cause

. Proton pump inhibltors lpantopra2o,e, om.pr.zole)

. Stop diu.ctics

. Saline infusior (in convadion alkalosls as In vomiting)

. Aceta2olamlde (but can worsen X+ loss)
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