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Nonprotein Nitrogenous Compounds

Unit 3 - Lecture #1

Lecture Goal(s): To introduce NPN compounds, their production, causes for increased production and
methods of measurement. The utility of various NPN compounds in the evaluation of kidney function
will be considered.

Lecture Objectives: Upon completion of this class material each student will be able to do the

following:

1. Cog/l

2. Cog/ll
3. Cog/ll
4, Cog/l

5. Cogl

6. Cog/ll

7. Cog/l

8. Cog/ll

9. Cog/ll

10. Cog/l

11. Cog/I

Indicate the source of NPN compounds and list the two factors that determine NPN
compound levels in the body.

Explain the utility of NPN compounds in evaluating kidney function.

Describe the source of urea and its movement throughout the body, especially the kidney.

Note the relationship between BUN and urea and convert between the two.

List the normal values for BUN and urine urea nitrogen and explain factors that may
cause urea nitrogen levels to fluctuate.

Provide a general definition of azotemia and make the following associations:

a. significantly decreased BUN/creatinine ratio suggests acute tubular necrosis

b. high BUN/creatinine ratio with normal serum creatinine suggests pre-renal azotemia
c. high BUN/creatinine ratio with high serum creatinine suggests post-renal azotemia

List situations other than azotemia that will cause increased BUN levels and conditions
that will lead to decreased BUN levels.

Describe the following methods of urea nitrogen/urea measurement.
a. Nessler reaction ¢. enzymatic method
b. Berthelot reaction d. Fearon reaction

Describe the relationship between creatine and creatinine.

Compare the steady production of creatinine with the variable production of BUN and
relate this to creatinine being considered a better measure of kidney function.

Describe the renal diffusion characteristics of creatine and creatinine and give normal
serum and urine values of each.

12,

20.

21.

Cog/ll

. Cog/l

. Cog/ll

. Cog/ll

Cog/lI

. Cog/l
. Cog/ll

. Cog/ll

Cog/ll

Cog/ll

Discuss the utility and possible arguments against the use of a 24-hour creatinine measure
as an indicator of completencss of the 24-hour collection.

List possible causes for increased serum levels of creatine and creatinine.

Describe the Jaffe and enzymatic methods for measuring creatinine in urine and serum.
Note concerns with the Jaffe method.

Describe the source for uric acid and the chemical characteristics of this NPN compound.
Explain the complex movement/diffusion characteristics of uric acid in the kidney.

List normal urine and serum uric acid levels.

List and explain possible causes for increased uric acid levels.

Describe the characteristics of gout and associate this with serum uric acid levels.

Describe the Kern-Stransky (phosphotungstic acid) and they enzymatic methods for uric
acid measurement.

Describe the production of ammonia and relate this to urea production. Explain the
causes for increased serum ammonia levels and the associated concerns.



NON-PROTEIN NITROGENOUS SUBSTANCES (NPN) B.

(£
More than 15 different NPN compounds are found in the plasma. The total NPN content of
plasma is normally 25 - 40 mg/dL. However, NPN compounds are not measured as a total. Of
these 15, there are six major NPN compounds that are of interest in the clinical laboratory.
A Components in decreasing order of nitrogen contribution
1. Urea-45%
2. Amino Acids - 20%
3. Uric Acid - 20%
4. Creatinine - 5%
5. Creatine - 1-2%
6. Ammonia - 0-2% (primanly used to monitor liver function.)
B. Concentration of cach depends on two factors
1. The rate of protcin catabolism (i.c. destructive metabolism)
2. The rate of their excretion
II. Urea - Blood Urea Nitrogen (BUN)
Urea is the major end product of protein and amino acid catabolism. It is generated in the liver
through what is known as the urea cycle. The goal of this cycle is to remove ammeonia (or
ammonium tons) which are very toxic to the central nervous system.
A Metabolism -
Proteins »~ Amino Acids ~Ammonia = Urea D.

NPN - Nitrogen exists in the body as proteins and nucleic acids. When proteins and nucleic
acids are broken down, the nitrogen released 1s not stored in the body in large amounts except
during periods of tissue growth, such as with pregnancy or in childhood. The nitrogen that is not
stored is broken down into compounds known as on-protein nitrogenous (NPN) compounds. The
kidneys are primarily responsible for the excretion of these compounds. Because of this, these
NPN compounds can be used to evaluate kidney function

From the liver, urea enters the blood to be distnbuted 1o all intracellular and extracellular fluids.
It freely diffuses across most cell membranes. .

Excretion- Urea 1s transported via plasma to the kidneys where most of it is ultimately
excreted in the urine. Minimal amounts arc excreted in sweat and degraded by bacteria in
the intestines. 40-50% passively diffuses through renal tubules and back into renal
interstitium and cventually diffuses back into plasma. The back diffusion amount of urca
depends on urine flow rate (Glomerular Filtration Rate, GFR). More urea diffuses back
when GFR is slow otherwise urea is freely filtered by the glomeruli and removed from the
body by urinary cxcretion.

Factors Affecting Normal Values In Health - Urea accounts for 80-90% of total urinary
nitrogen. Urea in the blood is expressed as Blood Urea Nitrogen (BUN) in the US.
European countries tend to express the results in amounts of urea where in the US we use
BUN in mg/dL.

Reference Range - 6-20 mg/dL

BUN results may be influenced by:
1. Dietary intake of protein

2. State of hydration (Decreased hydration- increased BUN; Increased hydration-
decreased BUN

3. GFR - a measurement of renal function; GFR decreases by 50% before an increase is
seen in BUN.

4. Hormones - This is due to hormonal effects on protein anabolism and catabolism.

a. Glucocorticoids & Thyroid hormones -
- decrease protein anabolism
. increase protein catabolism
. increase BUN

b. Androgens & Growth hormones
. increase protein anabolism
. decrease BUN

Pathological Increases in BUN - Two terms used to describe increases.

Azotemia - significant elevations in nitrogen-containing end products, including urea,
creatinine and uric acid

Uremia refers to increased urea in the blood stream.
Since urea is by far the major NPN compound, many people use the words uremia and

azotemia interchangeably with azotemia being preferred. Azotemia is frequently
classified as pre-renal, renal, and post-renal.

5-4



1. Prerenal azotemia - (Before Kidney) the result of inadequate blood perfusion of the
kidneys. Therefore, there is a decreased glomerular filtration. Otherwise, renal
function is normal. Some etiologies for this include the following:

a. Shock - loss of fluid to extravascular tissues with the result of a decrease
plasma volume. 1BP; |GFR; TBUN

b. Gl Bleed - Reabsorption of blood proteins account for more amino acids back
in pool and thus and increased BUN

c. Mild Dehydration

d. High protein diet - more protein to break down

e. Increasc protein catabolism - seen in fever, stress, bums
f. muscle wasting - starvation

treatment with cortisol - or its’ synthetic analogue (hormonal effect)

0

h. Congestive heart failure (CHF) - decrease flow of blood supply to kidneys; #1
cause of increased BUN

2. Renal Azotema - Within the kidney; Results from acute or chronic renal disease.
LGFR; Turea; lurine output.

a. Glomerulonephritis - The loss of protein thru the kidneys results in edema

b. Polycystic kidney; ¢ Tubular necrosis; d.Chronic nephritis;e. Nephrosclerosis
A group of kidney diseases which result from a decrease in blood supply
to the renal tubules (ischenia) or from toxic exposure . Also involves
destruction of RTE's.

LI GFR; | 1 Urine output; Leads to expansion of extraccllular fluid
(edema), hypertension, and congestive heart failure (CHF)

3. Post Renal Azotemia - result of some obstruction blacking the flow of urinc out of the
body. As a result there is back-ditfusion of urea from renal tubules into the blood
stream.

a. Renal Calculi
b. Enlarged prostate gland
c. Tumors of the bladder

5-5

4. Uremia - May be know as a clinical syndrome occurring with severe azotemia. BUN
usually >100 mg/dL. Includes acidosis, H20 and electrolyte imbalance, nausea,
vomiting, anemia, neuropsychiatric changes and sometimes coma. Patient's
exhibit a “Uremic frost™ where their skin has a grayish appearance. Urea has
actually crystallized on the skin after being excreted as sweat. BUN increases
progressively faster and higher than other kidney analytes, i e Creatinine & Uric
acid. Seen as chronic renal failure. Relatively rare today because of
hemodialysis.

All forms of azotermia arc associated with an increased BUN.

E.

Pathological Decrcases in BUN - Only occurs in a few situations

. Poor nutnition - decreased protein intake

High fluid intake

Excessive administration of [V fluids

. Pregnancy (change in glomerular filtration rate and protein synthesis)

Severe liver disease {decreased urea syntheses due to a decreased action of the urea
cycle) .

- Familial hyperammoncmia - synthesis of BUN decreased due to enzyme deficiency in

urea cycle.

Yo

o~

BUN Assay Methods

At the outset it should be noted that urea is susceptible to bacterial decomposition. Therefore,
especially with a urine specimen, urea levels should be determined shortly after the specimen has
been collected. If this cannot be done, the specimen should be refrigerated.

A

Indirect Methods for the Measurement of Urea Nitrogen

1. Nessler Reaction of Blair-Taylor
1" - The protein has to be removed by preparing a protein free filtrate (PFF) using acid.
2" - The enzyme urcasc is added.

Urca — =" NH, + CO,
3" - Nessler's reagent is added

NH, + 2 Hgl « 2KI ——" 4 NH, Hg, [, + KI+ NH, |

Yellow

The ammonia from the first step reacts with Nessler's reagent (2 Hgl * 2KI ) to produce a
yellow compound whose absorbance 1s directly proportional to the concentration of urea.

Major problems with this reaction:
1. long reaction times

2. turbidity in the product solution may interfere with spectrophotometric readings
3. this technique is nonspecific in that it measures NH,. There is the potential for

contamination from NH, in the atmosphere.



2. Berthelot Color Reaction In this reaction sequence, the conversion of NADH to NAD is monitored spectrophotometrically
The first two steps are the same as before. First protein is removed followed by the at a wavelength of 340 nm where NADH absorbs light at 340 nm and NAD does not. Therefore,
addition of urease producing ammonia from urea. in this particular reaction, a decrease in absorbance will occur as the concentration of urea

nitrogen increases (i.c. the absorbance is inversely proportional to the concentration). Currently,
In the third step, the following reaction occurs. this enzymatic technique 1s the most commonly used method to measure BUN.

Ei

NH, + NaOCI + phenol ——2“%_ indophenol —=="""+ phenol blue

{excess) (560 nm)

Again, the absorbance of the blue color formed is directly proportional to theoncentration
of
urea.

The primary problem with this reaction is that it is nonspecific and typically has a long
run time.

B. Direct Method for the Measurement of Urea

1. Fearon Reaction or Diacetyl Monoxime - this is the only method that measures urea
as a total molecule. The reaction is as follows:

ium G

Diacety] Monoxime — "2, diacetyl — Hydroxylamine

xid. ez

Diacety] - urea —==—"=— Diazine Denvative

In this reaction ferric alum acts as the acid catalyst in the presence of heat to start the
reaction. The first step in the reaction is to form the active ingredent, diacetyl from the
primary reagent - diacetyl monoxime. Diacetyl is very reactive and must be prepared as
the reaction is being run. The end product is a pink material whose absorbance is directly
proportional to the concentration of urea, which is read at 540 nm.

One advantage of this test over the others is that there is not a step that forms ammonia.
Therefore, the interference does not occur. Also, with this procedure, there is no protein
free filtrate needed. It is run directly on urine or serum. The biggest disadvantage is the
t0XIC reagents.

(o] Enzymatic Measurement of Urea Nitrogen

This enzymatic reaction is also considered an indirect method.

tvese

Urea ————— NH, +CO,
furme
NH, + ketoglutarate + NADH ——=F"* _, Glytamate + NAD

In this reaction, the ammonia that is released as a result of urease is tied to an enzymatic
reaction involving glutamate dehydrogenase and the coenzyme NADH.



CREATININE/CREATINE

Metabolism -CREATINE is synthesized in the liver, pancreas, and kidney from three amino
acids; 1. arginine, 2. Glycine, 3. Methionine.

. Transported via vascular system to certain tissues (cspecially nmuscles)
- In muscle cells it becomes phosphorylated to form creatine phosphate.
. Creatine phosphate serves as a high energy source in muscle tissue for

contraction. (Creatine concentration proportional to muscle mass)

. During this use of phosphocreatine by the muscles some of the free creatine

spontancously converts to creatinine (irreversible).

. Creatine is found in very low concentrations in the blood stream and there is
typically no clinical significance associated with blood creatine levels. Thus,
there are no normal reference values for serum creatine.

. Creatine is filtered by the glomeruli but it is almost completely reabsorbed by the
proximal convoluted tubule.
- Free creatinine is not reutilized in the body's metabolism and is considered as a

waste product of creatine.

Excretion - Since creatinine 1s considered only a waste product its’ excretion is what makes it of
primary interest in clinical medicine. Creatinine,like creatine is filtered by the glomerulus, but
unlike creatine almost none of the creatinine is reabsorbed. [t is excreted. This makes it an good
measure of GFR.

N ﬂu Cn ﬂ A Creatinines role as a measurement of GFR - A constant waste product

= Coal o

4

. The formation of creatinine is fairly constant - Approximately two percent of the
creatine is transformed into creatinine every 24 hours.

> Creatinine formation is directly related to muscle mass thus creatinine levels in
males are typically higher than in females.

- Creatinine is freely filtered by the glomeruli, and its removal from the blood
stream can serve as a measure of glomerular filtration rate.

’ A small quantity of creatinine is reabsorbed by the tubules and a small quanuty of
creatinine is secreted into the tubules under normal conditions,

. The result of this reabsorption and sccretion causes final urine creatinine to
exceed creatinine filtered at the glomerulus by a factor of approximately 1.1 to 1.2
under normal conditions.

. This small factor is not considered to be significant in most cases and urine
creatinine s considered a good measure of glomerular filtration.

» However, significant tubular reabsorption of creatinine has been observed in
severe congestive heart failure and in uncontrolled diabetes mellitus.

Normal Values

Serum Reference Ranges

Males - 0.6 - 1.2 mg/dL

Females - 0.5 - 1.0 mg/dL

Most hospitals have a single normal reference range of 0.5 - 1.5 mg/dL.

5-9

As previously noted, creatinine formation 1s relatively constant, This consistency makes
creatinine measurement a uscful index of renal function, primarily glomerular filtration.

Urine Reference Ranges

Males - 1.0 - 2.0 g/24 hours

Females - 0.6 - 1.5 g/24 hours

Most hospitals just use one normal of 1.0 - 2.0 g/24 hours.

Constant waste product = Constant excretion - This relationship allows urine
creatinine to be used to test for completeness of a 24hr urine collection in the
absence of renal disease.

C. Factors affecting urine creatinine levels which would negate it as a measure of a complete

24hr urine collection..

1. Severe excercise - [ Creatinine excretion
2. Excessively High meat intake - | Creatinine excretion.

Creatinines constant formation and excretion as well as its independence of diet,
hydration, and protein metabolism made it more reliable screening of renal
function than BUN. Much less sensitive to these things than BUN.

v Creatinine Assay Mcthods

A

mvvamvt..

Jaffe Reaction
Step one - remove proteins

Step two - Creatinine + NaOH + Picric Acid — Creatinine Picrate

NaOH and Picric Acid are typically combined forming alkaline picrate. Creatinine Picrate
absorbs at 520 nm, and its absorbance is directly proportional to the concentration of
creatinine in the sample being measured.

This reaction is run at a constant temperature of less than 30°C. At temperatures above
30°C, reducing substances such as glucose, uric acid, and ascorbic acid will interfere and
falsely elevate results, A constant temperature is also important because absorbance of the
colorimetric product will increase with increasing temperature.

Some techniques used to measure creatinine by the Jaffe” method attempt to remove
possible interferences by the addition of Fuller's earth (Flondin) or Lloyd's reagent to the
protein free filtrate. This selectively adsorbs creatinine away from the other reducing
substances. The Jaffe’ reaction is then run on this adsorbed creatinine. This gives better
specificity, but it is very time consuming.



B. 2. Enzymatic assay BUN:CREATININE RATIO

Creatinine + H,0 = creatine The BUN and creatinine are routinely requested together because of the relationship of the two levels
ceanne helps in the differential diagnosis of azotemia.
Creatine + ATP ——=* phosphocreatine + ADP
u Keep in mind that the main source of BUN is metabolic catabolism of dietary protein. The level depends

ADP + phosphoenolpyruvate —r pyruvate + ATP on the GFR, dictary intake, and hydration state. It is filtered by the glomerulus and ~50% is reabsorbed

izzze by the tubules.

de dopense
Pyruvate + NADH lactate + NAD

The creatinine on the other hand is freely filtered by the glomerulus and almost all 1s excreted in the

This is a very involved reaction with many places for things to go wrong. For this reason, the urine. Creatinine levels depend on muscle mass and GFR. It 1s unaffected by ordinary variations in the
enzymatic assay for creatinine was slow to be accepted. It is now, however, the most commonly dict or activity.
used method for measuring creatinine. Perhaps, a couple of pertinent questions at this point
would be: L Normal Ratio = 10-15:1
Considering the enzymatic reaction above, what components of the reaction sequence would be A. Variations seen in azotemia
provided by the reagent? What would you expect to see with absorbance if you were measuring
this enzymatic reaction using a manual spectrophotometer? Answers are at the end of this lecture. 1. Pre-renal Azotemia - Usually and increased ratio due to augmented tubular

reabsorption of urea in the presence of a decreased GFR

2. Renal Azotemia - Increased to normal. Both BUN and creatinine are increased.
The exception would be in Nephrosis in which you would see a decreased ratio
becausc of the excessive loss of protein in the urine.

3. Post-Renal Azotemia - Increased ratio. Urea will be reabsorbed to a greater degree than
creatinine.

11 BUN:CR > 15:1 - Main Causes
A. Decreased glomerular filtration

1. Heart Failure - The urea increases due to the decreased GFR, increased diffusion
of urca, and increased protein catabolism which occurs in response to the stress.

2. Underperfused Kidneys - less volume being presented to the kidneys results in
decreased GFR. May result from
a) dehydration
b) shock
¢) hemarrhage
d) glomerular disease

B. Increased nitrogen load
1. Excessive protein intake
2. Gastrointestinal bleeding - Large amounts of blood proteins are absorbed. The

ammonia produced from the blood breakdown products are also absorbed and
converted to urea by the liver.
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3. Increased protein catabolism - The is known to occur in URIC ACID
a) fever
b) burns I Metabolism and Excretion
c) heart failure
d) tetracycline therapy A. Major product of purine metabolism

K. Increased tubular reabsorption of urea - Occurs in

ﬁx.vo -

a) heart faliure

b) Urinary tract obstruction

¢) familial azotemia (rare disorder associated with active distal tubular transport of
urca.

mi{  BUN:CR < 10:1 - Primary “EU

A.
B.
C.
D.
E.
E,
G

Decreased protein intake - seen inpatients who are starving and also in patients with renal
failure, i.e. Nephrosis increases protein loss

Overhydration - Causes each nephron to filter more urea resulting in increased urea
clearance. Chronic renal failure mimics the condition of overhydration because nephron
death increases the urea load of the remaining nephrons.

Scvere liver discase - Severe hepatoccllular dysfunction results in decreased urca synthesis

Dialysis - Urca rather than creatinine tends to diffuse out of the extracellular fluid, so urca
level drops more rapidly than creatinine.

Familial hyperammonemia syndromes - These individuals have a deficiency of one the

urea cycle enzymes and are characterized by an absence of urea in the blood. 1L

Inappropriate secretion of ADH - Excessive amounts of antidiuretic hormone cause
increased amounts of water and urea to be reabsorbed by the collecting tubule. The urea
accumulates in the medullary interstitium; the high concentration causes some of the urca
to be secreted mto the descending limb of the Loop of Henle to be recirculated, resulting in
increased excretion.

Rhabdomyolysis - Dissolution of muscle results in increased release of muscle creatinine.

Purines are derived from ingested nucleic acids or from the destruction of tissue cells, Two

major purines are adenosine and guanosine.

Urate is the end product for humans and apes but it is oxidized to allatoin in most other mammals.
It is a week acid and at body fluid pH cxists almost entirely as the urate anion,

B. Excretion - Urate is freely filtered by the glomerulus, reabsorbed by the tubules and
reabsorbed a second time. Any disease affecting tubular secretion or absorption will have
an effect on renal clearance of Uric Acid. The remainder of the uric acid is excreted into
the GI trat and degraded by bacterial enzymes. The steps of excretion are as follows:

1. Glomerular filtration of virtually all uric acid from the glomerular capillary bed
into the nephron.

2. Reabsorption of 98%-100% of the filtered uric acid from the proximal convoluted
tubule.

3. Subsequent secretion of uric acid from the renal interstitial fluid into the distal
portion of the proximal convoluted tubule.

4. Reabsorption of some uric acid in the distal convoluted tubule.

Following all of this movement, approximately 6-12% of the uric acid initially
filtered at the glomerulus is excreted

Reference Ranges - Diets high in purines increase the kevels of Uric Acid in normal individuals,
1.e. visceral meats (kidneys, liver) leguminous vegetables.

Serum/plasma Uric Acid = 2.5 - 7.0 mg/dL
Urine Uric Acid = 400-800 mg/24hrs
A Hyperuricemia

1. Renal failure - The UA is not being cleared so levels are increased. Levels
typically parallel urea nitrogen and creatinine in kidney disease.

2. Lactate excess - competitive inhibitor for renal excretion of urate. Seen in alcohol
intoxication, severe toxemia in pregnancy and ethylene glycol intoxication.

3. Diuretic use - not sure of action, but may increase reabsorption and/or decrease
secretion.
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4. Nucloprotein catabolism (cell tumover) - proliferation of tumor cells as seen in
leukemia or lymphoma or in a destruction of tumor cells as seen with chemo.

5. Ketoacidosis - Both lactate and ketones will competitively inhibit the renal
excretion of UA.  They compete for active tubular secretion.

6. Gout- A risein UA is typically associated with gout. Disorder of purine
mectabolism or renal excretion. Precipitation of the Uric
Acid forms crystals in the tissues and joints. Primary danger is disposition of
urates in the kidney.

a) Increased UA
b) Precipitation of monosodium urates as tophi - have a special predilection
for joints, bones, bursae, and subcutaneous tissue. Results in pain and
swelling in affected area. Most frequently in big toe.
¢) Recurrent arthritis resulting in permenant damage and deformation of joints.
d) Nephropathy - the uric acid deposits in the kidneys
1) Nephrolithiasis - results from formation of renal calculi in this case
produced by uric acid....10-30% of gout patients exhibit renal calculi
¢) ~95% of cases are in men and first attack rarely occurs before the age of 30
7. Lyesch Nyan syndrome - enzyme deficiency in purine salvage pathway. Increase
breakdown in purines with a large increase uric acid. Results in abnormal muscle
movement, sel-mutilation and mental retardation.
8. Alcohol consumption may trigger gout attack by increasing UA

Hypouricemia

1. Renal tubular reabsorption defects - congenital such as Fanconi’s syndrome, and
Wilson's discase.

2. Severe liver disease
3. Drugs - Allupurinal (drug for gout)

Uric Acid Assay Methods

A. Kem-Stransky Method ( Tierz calls this the phosphotungstic acid method.)

As with most of the other laboratory methods for measuring NPN compounds, the first
step involves preparing a protein free filtrate. This is followed by
Uric Acid + Phosphotungstic Acid — =" Tungsten Blue + Allantoin
650 nm

The absorbance of the blue color that is produced is directly proportional to the concentration of
uric acid.

B. Enzymatic Method
Uric Acid + 0, + 2H,0 —=2_ Allantoin + €O, + H,0,

Alkaline vondition

Uric acid absorbs at 290 nm. In this reacton, uric acid reacts with the enzyme unicase to produce
allantoin. Allantoin does not absorb at 290 nm. Therefore, it can be said that the measured absorbance at
290 nm is inversely proportional to the concentration of uric acid.

There are many variations available for this enzymatic reaction. The following reaction sequence would
allow us to monitor an increased absorbance at 340 nm as concentration of uric acid increases.

Uric Acid + 0, + 2H, 0 —=*" Allantoin + H,0, + €O,

H,0, + ethanol — " acetaldehyde + H,0

e

Acetaldchyde + NAD %2287 acetate + NADH



AMMONIA

1L

Metabolism - Ammonia is a product of amino acid metabolism. As noted with the production of
urea, most of the ammonia in the body is removed as urea. In addition to the ammonia produced
as a result of protein breakdown, a considerable amount is absorbed from the intestinal tract.
Ammonia from the Gl tract comes from bacterial breskdown of proteins and urea in the GI tract.
It is also released from metabolic reactions that occur in skeletal muscle during exercise.

At physiologic pH, ammonia typically exist as the ammonium ion (NH,").

Excretion - Carried by the portal vein to the liver where it is converted to urea. This
conversion is a very important step as NH3 is toxic to the CNS and the urca produced is not
only non-toxic but is also readily excreted.

Ammonia may be stored as glutamine which is formed in the liver, brain, and skeletal muscle.
The kidneys take up the glutamine from the circulgtion and produce NH3 through the
following reaction.

Glutamate Dehydrogenase
Glutamine = Glutamate = Ketoglutarate

Glutaminase
NH," = NH,” +H"

NH, = Ammonium ion dissociates into NH3 (Ammonia) + H+ to be released in the urine
as NH4+ NH3 is an improtant buffer against H+ build up. In chronic renal failure the
kidneys are uanble to generate enough NH3 to buffer the H+ produced and this contributes
to acidosis.

Normal Values - <120 mg/dL -Low amounts of ammonia are usually excreted by the kidney and
low amounts are typically found in the blood stream (approximately £ 120 ug/dL)

Clinical Significance of Abnormal Values

a. Severe Liver Disease - hepatic coma, Urea cycle slows down NH3 increase.
The most common cause for an increase in ammonia levels is liver disease. In this case,
the liver is unable to incorporate ammonia into urca. The build up of ammonia in the body
is of concern because increased ammonia is toxic, particularly in the brain.

1. Impaired parachymal function
2. Shunting past liver - Seen in cirrhosis patients. Nh3 not removed

VL

B. Reye's Syndrome - Encephalohepatitis - occurs after some type of viral infection i.e.
chicken pox, flu and after ingestion of salicylates. Associated with damage to
mitochondria in cells in liver, brain, muscle. Patient usually dies from intracranial
pressure. NH3 markedly elevated. May cause hepatic coma. (Medical mystery)

C. Urea cycle enzyme deficience - Rare - increase in NH3

D. Portocaval shunt- Protal vein from intestine to lever bypasses the liver completely or
partially empties into vena cava. Results from congenial malfunction or results as a
surgical procedure on cirrhotic patients.

Ammonia Assay Methods

Berthelot - Old method
reaction between ammonia and an alkaline solution of phenol hypochlorite.

Specimens - Very picky - Not following reccomendations may lead to preanalytic sources of

error
A. Smoking - Patient should not smoke past midnight for a fasting collection
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Laboratory Tests in Metabolic Acidosis

Total CO,/HCO, Low Acidosis

Serum chloride Normal (with low HCO, and | See causes of normochloremic metabolic acidosis.
increased anion gap)

Elevated (with low HCO, Acidosis due to HCO; loss or early renal disease.

and normal anion gap) See causes of hyperchloremic metabolic acidosis.
Anion gap Normal See causes of hyperchloremic metabolic acidosis.

Increased See causes of normochloremic metabolic acidosis.
Potassium Increased As hydrogen ion concentration increases in the

plasma, hydrogen ions will begin to move into the
cells where Hb buffer is found. To maintain
electroneutrality, potassium will leave the cell.

Glucose Increased Diabetes mellitus
BUN/Creatinine Increased Renal Disease
Blood gases pH decreased Acidemia present
pCO, decreased Pulmonary compensation
pO, decreased May indicate maximal pulmonary compensatory
mechanisms, hypoxia present and lactic acidosis
likely.
Urinalysis pH decreased Kidney excreting acid effectively.

pH increased (with low blood | Renal tubular acidosis likely due to excessive
pH) excretion of bicarbonate.

Ketones Check for increased blood ketones. This is likely
due to acid overproduction or caloric deficit.

Blood lactate Increased Lactic Acidosis

Blood salicylates Increased Poisoning with aspirin.

Serum osmolality Increased BUN, glucose, methanol, ethylene glycol

WBC count Increased Leukocytosis may be seen as a result of acidosis

stimulating nerve endings to release
catecholamines which in turn stimulate WBC
production.




