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Chemical
examination of urine
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OBJECTIVES:

By the end of this lecture the students will be able to:

1. To understand the normal and abnormal chemical composition of urine in
relation to renal diseases and conditions
2. To differentiate between pre-renal, renal and post-

renal proteinuria with clinical examples of each

3. To acquire knowledge on the types of Glycosuria, hematuria and

hemoglobinuria
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“Extra” Notes:
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y * I Blood & Urine give a broad !
W h O-l- S U rl n e 2 : investigations about body status :

Urine is a fluid excreted by most animals including humans .
It is formed in the kidneys (renal glomeruli)
The fluid undergoes chemical changes before it is excreted as urine

Normal urine excretion by a healthy person is about 1.5 L per day
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Abnormal Composition of urine:

v Proteins: Normal urine contains very little protein (< 200 mg/day)

> More than this level leads to a condition called : Proteinuria

Pre-renal

The causes of
proteinuria are

I In pre-renal and postrenal, :
| the kidney is totally clean | Post-renal
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1-Prerenal proteinuria: i

» Some abnormal conditions increase plasma protein levels before
reaching the kidneys .

» Causes increased filtration of these proteins in the kidneys .

» This exceeds the normal re-absorptive capacity of renal tubules Results

in overflow of proteins in the urine..

—————————————————
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Example of pre-renal proteinuria:

: * N IMPORTANT
v' Multiple myeloma*causes pre-renal proteinuria .
oA proliferative disorder of the immunoglobulin-producing el
b Rt T I *It’s cancer of the plasma |
plasma cells, Proliferative: to grow or produce by multiplication of parts .. I | cells that produce antibodies 1

— e o . . e o e e e s e e o w)

eThe serum contains elevated levels of monoclonal
light chains antibodies (Bence-Jones protein) ~ ~~ "~~~ "~ """ 77777 °7°

= Bence-Jones protein is filtered in kidneys in high amounts

= Exceeding the tubular reabsorption capacity

" Hence excreted in the urine
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Example of pre-renal proteinuria:

IMPORTANT

eDissolves at

*The Bence-Jones protein 100 C©

coagulate at 40-60 C°

Serum electrophoresis

Multiple myeloma cases
are diagnosed by using :

Immuno-electrophoresis
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Multiple myeloma:

AT e
A B_| @mm Serum IFE (IgG% and 7 BJ) y  Thismethodisn't
I used anymore, you |
Alb 1gG2. | don’t need to |
o 1 —. : memorize it just take |
i anidea about it. :
oL 2 — n_ ABJ | —————— - —— - —— -
1 —————————————
Eg ELP G A M KoL : Very dense Gama in :
Urine IFE (% BJ) : in immuno- |
1 electrophoresis :
™
Monoclonal — — 5 B
Component

A: serum protein electrophoresis demonstrating the M component .
B: serum and urine immuno-fixation electrophoresis .

il
&ﬁ‘ Z‘“.«)“J :\'h:"“‘i9 Zu'e""' 3)".414"1‘ Biochemistry team 436




Multiple myeloma:

e i C : This method isn’t used :
- don’t need
Alb ; anymore, you .
- Nermal SPEP : to memorize it just take :
o 1 l an idea about it. |
2
> - ‘ A: normal serum.
51 A Albod 02 B B2 B: multiple myeloma sho.wmg
B2 : Monoclonal component in the
D c gamma region.
i C: densitometry tracing of A
! e : pixe showing the 5 zones of the high
Monoclonal resolution aga.rose
Component " i electrophoresis.
mmm e . D: densitometry of the M
| M spike is always smaller component of B, termed the M
I than albumins spike :
b e e e e e e — - Spike.
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2-Renal proteinuria:

(low and high molecular weight proteins :
are filtered as in nephrotic syndrome) |
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Associated with renal diseases:

Glomerular

proteinuria

Tubular proteinuria

High glomerular
permeability

Causes filtration of
high molecular
weight proteins

e.g.
glomerulonephritis

&ﬁ‘hﬁﬂj%&%;ﬂ@‘

Low tubular
reabsorption with
normal glomerular

permeability

Causes excretion of
low molecular
weight proteins

e.g.
Chronic nephritis

VAV A
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Orthostatic (Postural) Proteinuria:

____________________ =

| e J o) el IMPORTANT

Persistent benign proteinuria .

Occurs frequently in young adults due to periods spent in a vertical
posture like standing, playing football.

Increased pressure on the renal vein in the vertical position causes
orthostatic proteinuria

Disappears in horizontal posture like laying or supine position.

: How do they diagnose it? |
I By taking urine sample after overnight sleeping :
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MicroalbuminuriQ:

»  Presence of small amounts of albumin in the urine (20— 200 mg/L)

Early indicator of glomerular dysfunction due to
uncontrolled diabetes mellitus or hypertension .
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3 - Post renal proteinuria:

Proteins added to the urine as it passes through the structures of the lower
urinary tract (ureters, bladder , urethra, prostate and vagina)

** Due to Lower urinary tract infection, trauma, tumors and stones

e e et e |

e oo o o o o e e e e o e o e e o e . .
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Post renal proteinuria diseases

Post renal
proteinuria
|
I | | | I
1-Glycosuria 2-Ketonuria 3-choluria 4-Nitrate 5-Blood
— A) Glucosuria A BIlIrme\ — A) Hematuria
Bile salts

— B) Fructouria

— C) Galactosuria
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— B) urobilinogen

— B) Hemoglobinuria
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] -G|YCOSUI’]GZ presence of sugar in urine

A - Glucosuria: Presence of detectable amount of glucose in urine.

Uncontrolled DM : The concentration of glucose in the plasma
exceeds the renal threshold .

Renal glucosuria : Normal plasma glucose concentration with proximal
tubular .

malfunction — ¥ renal threshold (gestational diabetes and Fanconi’s
syndrome) .

v" Normally, when glucose level in blood is between (4-6 mmol/l), there shouldn’t be glucose in urine.
v Glycosuria occurs if:
1. The glucose level is elevated (>6mmol/l). This is due to the tubules threshold (physiology)
OR
2. The renal threshold is decreased, although normal glucose level in blood.
v" Pregnant women may not have elevated blood sugar level but there may be an impairment in proximal tubule function
which will results in presence of sugar in urine although she has normal plasma sugar level (Jesl) 5 Sw)
and usually it disappears after delivery, and for some women it will continue even after delivery.
v Fanconi’s syndrome, genetic or acquired disease due to lead toxicity.
These patient will not be able to absorb amino acids, carbohydrates or glucose.




] -G|YCOSUI’]OZ presence of sugar in urine cont.

B - Fructosuria: Monosaccharide, Comes from fruits and honey .
(Presence of fructose in urine)

- Alimentary causes : High fructose intake .

- Metabolic : Low fructokinase or aldolase B in the liver.

C — Galactosuria: Monosaccharide, Comes from milk . /

(Presence of galactose in urine)
- Alimentary : High galactose intake
- Metabolic : Low galactokinase or galactose -1-phosphateuridyl transferase in the liver.
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72-Ketonuria ' Due to Fat degradation |

(( Presence of ketones, acetone, acetoacetic acid &
B -hydroxybutyric acid in urine ))

Diabetic ketoacidosis .

No glucose so, body
will shift to lipolysis.

Starvation . .
I
Prolonged vomiting .

Unbalanced diet: high fat & Low CHO diet™ .

s wN e

Phenylketonuria (inborn error of amino acid
metabollsm
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IMPORTANT

* Like Atkins diet which is :
type of diet where there is 1
zero carbohydrates and high :
protein and fat intake Very :
dangerous it may lead to |
ketone acidosis . :

How are ketone bodies formed?
Insulin get glucose into the cell so the cell can
utilize it, but Diabetic patient has little insulin,
So the excess glucose will be freely moving in
circulation without benefit, And when cells
need food, they’ll take it from lipids by lipolysis

which result in ketone bodies formation.

_ M 7 ‘

Biochemistry team 436



3-Choluria :

» Presence of bile, bilirubin and bile salts in urine

e Normally no bilirubin is detected in urine I
e |tis detected in:
e Hepatocellular damage

e Obstruction of bile duct due to stones (extrahepatic) and hepatic tumors
(intrahepatic) -

e Normally present in trace amounts A
e High urobilinogen is found in:
e Hemolytic anemia
e Hepatocellular damage

Urobilinogen

N\

e Positive nitrite test indicates bacteria in
urine
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N OTeS : (doctor said For your information.) - PR

» > " MACROPHAGE /
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-
1 Catabolism of heme B = bilirubin; BG = bilirubin diglucuronide;
|

>

Heme N
O,, NADPH + H*
Heme oxygenase

! U= urobilinogen; Ub = urobilin; S = stercobilin. _, Fe>: o
Someecontredcotsares e e W w
L\,_: Biliverdin

NADPH + H* |
g Breakdown of heme to bilirubin J
occurs in macrophages of the reticulo-
endothelial system (tissue macro-

phages, spleen, and liver).

Biliverdin
reductase NADP+

Bilirubin is taken
up by the liver and
conjugated with
glucuronic acid.

E The remainder of the urobilinogen
is transported by the blood to the
kidney, where it is converted to yellow
urobilin and excreted, giving urine its
characteristic color.

a Unconjugated bilirubin
is transported through
the blood (complexed to
albumin) to the liver.

BLOOD Bilirubin—albumin
complex

A portion of this urobilinogen
participates in the enterohepatic
urobilinogen cycle.

Bilirubin

LIVER

20 DP-glucuronlc
Bilirubin
glucuronyi-
transferase 2 UDP

Bilirubin diglucuronide

KIDNEY

B Conjugated bilirubin
is secreted into bile

Some of the urobilinogen
and then the intestine.

is reabsorbed from the gut

and enters the portal blood. To urine

In the intestine,
glucuronic acid is
removed by bacteria.
The resulting bilirubin
is converted to
urobilinogen.

Urobilinogen is oxidized
by intestinal bacteria to
the brown stercobilin.

L {/

BILE

Bilirubin diglucuronide
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4-Blood :

» Hematuria : Presence of detectable amount of blood in urine

r——=—==-===== 1
1 Full RBC’s present 1

__intheblood . | Causes

Local disorders of

Acute / chronic

kidney and genito- Bleeding disorders
urinary tract

glomerulonephritis

Trauma, cystitis,
renal calculi, Hemophilia
tumors
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4-Blood :

- S S S S S S S S S S S S S S B e e e e e e e e

-
> H | b . | Difference between haematuria and haemoglobinuria: |
emoglobinuria: : - Haematuria : RBC’s are intact , no rupture. :

:

Presence of hem0|ysed blood in urine : - Hemoglobinuria: RBC’s lost there shape , ruptured .

A)Hemoglobinopathies | B) Malaria (p. falciparum)

1. Sickle cell anemia C) Transfusion reaction

- Blood group

2. Thalassemia incompatibility
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