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ABSTRACT

The use of reliable biomarkers is becoming increasingly important for improved management
of patients with acute and chronic kidney diseases. Recent developments have identified a number
of these novel biomarkers in urine that can determine the potential risk of kidney damage. This
research have elucidated that there are some biochemical enzymatic markers that have strong
relationships with kidney disease and renal failure and could be used for diagnostic purposes, such
as arginase and carbonic anhydrase that show a significant activity increase in both male and female
patient's urine in all age stages at probability P<0.001 compared with normal one, this increase due
to changes in kidney's histopathological changes such as apoptosis and inflammation in addition to
the damage in renal's distal tubules.

Fluorescence spectrophotometric technique reveals that some natural urine's fluorophores
intensities changed according to the clinical state of the persons, for this it can be utilized as a
diagnostic indicator of some diseases such as kidney diseases and renal failure as shown in this
research which indicated that the intensities of patient's urine emission fluorescence peaks have
changed in both males and female patient's urine especially at 352, 353, 363 nm,401, 425,438,445
nm, 438-445nm and 703nm compared with healthy ones at fixed excitation wavelength 350-400
respectively.

We conclude from current research that urine could be utilized as an alternative to blood
sample due to its easy to get beside many natural urine's metabolic fluorophores intensities and
enzymes activities could be changed according to the clinical state of the persons, for this they can
be utilized as indicators for kidney disease and renal failure.
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INTRODUCTION

Urine contains many organic compound which contain a number of natural fluorophores,
most of these compounds are the result of Tryptophane, Riboflavine and Porphyrin and other
metabolism (Krishnaraju et al., 2009). The change in urine's auto fluorescence with the succession
in the condensation of these compounds is the result of both physiological and pathological changes
that may occur due to a disorder of body metabolism, eating food, age, sex ...etc. (Power, 2015;
Patel et al., 2007), besides there are some enzymes that represent indicators for kidney disordors
such as arginase and carbonic anhydrase. Magnesium Arginase EC 3.5.3.1 contains enzymes that
stimulate the final reaction in Urea circle) which is a chain of chemo biological reaction, through
which the body gets rid of harmful Ammonia (Perrone, 2011) between Arginine and water, to
produce Orthinine and Urea, (Scaglia and Lee, 2016).

Many researchers believe that accumulation of Arginase stimulators such as (sulfhydryl
compounds, heavy matals Fe or Cu, metabolic products ascorbic acid-Fe, methylglyoxal-Fe,
alloxan-FE, Iron) increase kidney's Arginase expression, then stimulate kidney production of urea
(Hezel et al., 2015; Fernandes et al., 2016).

In addition to this enzyme carbonic anhydrase EC 4.1.2.2 is one of the metal enzymes that
contain zinc ion and stimulate the reverse analysis of CO, to HCO; (Supuran, 2008; Manthy et al.,
2005).

There are 15 kinds of Carbonic anhydrases that exist in human being (Le Darz et al 2015, Del
Prete et al., 2016).

Some kinds of human Carbonic anhydrase “CA” are (CA I, II, 11l, VII and XIII) CA | are
cellular but others CA 1V, IX, XII and X1V are membranous connected enzymes while two kinds of
this enzymes exist in mitochondria, and there are other kinds CA V1 exist in saliva (Supuran, 2008).

In the kidney, there are two kinds of this enzyme that play an important role in the process of
Urinary acidification and reabsorbing bicarbonates (Ekinci et al., 2015).
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MATERIALS AND METHODS
Determination of arginase activity in urine:

Enzyme activity have been estimated depending on Kocna et al., 1993 modified method of
Konarska and Tomaszweski, 1986 which includes addition of 25ul of urine sample and 25ul of
(5mmol/I triss-HCL) to 500ul of the reaction mixture that contain 35ml 1Mm Triss- HCL buffer pH
9.5 + 20ml 100 mM arginine + 0.009g MnCL, incubated for 2 h at 37°" then for 5 min in boiling
water bath. 0.5 ml of ninhydrine detector and 1.5 ml of acetic acid 10M were added and left in
boiling water bath for 60 minutes, and cooled to room temperature. Standard curve is prepared by
using different concentrations of ornithine solution between (0-2 pmol/L). To each 0.5ml dilution,
0.5 ml of triss-HCL buffer, 0.5 ml of ninhydrine detector and 1.0 ml of (10M) acetic acid, have
been added then left in boiling water bath for 60 minutes and then tubes were cooled at room
temperature, Optical Density measured at 515 nm for all tests and standard.
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Fig. 1: Standard curve of Arginase enzyme

Determination of carbonic anhydrase in urine:

Carbonic anhydrase (CA) have been measured by MyBiosorce ELISA kit utilization. The stop
solution changes the color from blue to yellow and the intensity of color is measured at 450 nm by a
spectrophotometer. In order to measure the concentration of human CA in the sample, ELISA Kit
includes a set of calibration standard. These calibration standards assayed at the same time as the
samples and allow the operator to produce a standard curve of Optical Density versus Human CA
concentration. Human CA concentration in the samples is then determined by comparing the O.D of
the samples to the standard curve.
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Fig. 2: Standard curve of Carbonic Anhydrase CA

Measurement of fluorescence intensity for urine:

Fluorescence intensity have been measured utilizing Japan, SHIMADZU, (RF-5301 PC)
instrument, Urine samples have been diluted to 1:9 then special tube of the instrument have been
used to measure the fluorescence emission peaks between 200-800 nm at fixed excitation
wavelength 350-400 nm respectively.

RESULTS AND DISCUSSION
Arginase enzyme activity:
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Fig. 3: Activities of arginase in male's urine of control, kidney disease and renal failure
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Fig. 4: Activities of arginase in female's urine of control, kidney disease, and renal failure

Fig. 3 and 4 clarified significant increase in arginase enzyme activities in male and female's
urine of renal failure and kidney diseases groups compared with the control group at all age stages
at probability level P<0.001 beside renal failure group showed higher activity compared with
kidney diseases group kidney diseases include (tubular disease, urinary tract infection, urinary tract
obstruction, renal calculi, cystic disease, vascular disease, tumors). This elevation had been
accepted with other researchers such as (Scaglia, 2016), who postulated that this elevation caused
by histological and pathological changes such as cell programmed death, infection of kidney and
oxidation fatigue(a disturbance in the balance between the production of reactive oxygen species
(free radicals) and antioxidant defenses, is discussed in relation to its possible role in the production
of tissue damage) that increase the ranges of nitrogen oxide which prevent urea and creatinine
crossing throughout the kidneys. Elevation of Arginase activity connected with the acute renal
diseases, so it works to change the functions of the epithelial cells in heart diseases and renal
diseases cases (Hezel et al., 2015).

Arginase reduce sodium excretion from kidney when little salt amounts had been taken but
induce sodium excretion in high salt amounts case (Lakowicz, 2006). Also arginase increase NO
excretion and circle guanosine mono phosphate in urine(arginase convert guanosine tri phosphate to
guanosine mono phosphate therefore increased in urine (Lakowicz, 2006)

Arginase enzyme had a special importance, especially during disease period and while
infecting with chronic diseases such as hypertension and renal diseases that induce enzyme activity
(Scaglia and Lee, 2016).

carbonic anhydrase enzyme
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Fig. 5: Carbonic anhydrase activities in males' urine of control kidney disease, and renal

failure
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Fig. 6: Carbonic anhydrase activities in female's urine of control kidney disease, and renal
failure

Fig. 5 and 6 revealed significant elevation of CA activities among renal failure and kidney
diseases groups of all age stages and of both males and females comparing with control at the

probability level P<0.001. Human CA is used as a guide to differentiate many kinds of cancers, and

kidney cells and tissue's damage, and its existence in urine indicates occurrence of kidney's cell
damage and disorder in distant tubule of kidneys.

Researches showed that kidneys are responsible of remaking the excreting materials that are
lost such as hydrogen ions, and other materials of acid- alkaline balance by reabsorbing filtrated
HCO3 and remaking it during metabolism. Kidneys are responsible of both processes excretion of
hydrogen ion and reabsorbing of filtrated HCO3 then making new HCOj3 (Hoffmann et al., 2011).

Carbonic anhydrase CA plays an important role in the physiological functions of the kidney
and stimulate bicarbonate absorbtion, CA inhibition work to prevent bicarbonate absorbing in the



proximal tubule and the high proportions of carbonic anhydrase indicates the occurrence of
significant damage occurrence in proximal tubule which lead to non-reabsorption and excretion it
with the urine, Researches also indicated that CA inhibitors in membrane act as significant
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reduction in water and bicarbonates absorption in proximal tubule (Waheed and Sly, 2017).
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Fig. 9: Emission spectral peaks at fixed 350 nm of normal, kidney disease and renal failure

female's urine
a: normal female's urine b:kidney disease female's urine c:renal failure female's urine

The results indicate that the emission fluorescence peaks of the most metabolic compounds
showed intensities change between males and females healthy urine, especially at 352, 353, 363nm
wavelength and at 425-427 nm when excitation wave lengths were fixed at 400nm as showed in

figure (Fernandes et al., 2016).



10 Sarab D. Alshamaa and Saja H. Al-Obaidi

While the changes in emission spectral intensity of male kidney and renal failure patients, at
350 nm fixed excitation wavelengths, revealed significant differences in emission intensity at 425-
437 wavelengths, spectral peaks intensity increased to double in the kidneys diseases urine
compared with healthy ones, but decreased to half at renal failure patients. Fig. (8)

Whereas in females, the emission wavelengths peaks at 438-445 nm decreased in kidney
disease patient's urine and in renal failure cases compared with urine of the healthy people's urine as
in Fig. (9).

Furthermore emission spectral peaks showed significant changes at 703 nm in males, so these
peaks decreased within kidneys and renal failure patient's urine compared with healthy person's
urine while females, intensity emission peaks showed a significant changes at 703-704 nm
compared to healthy people when excitation wavelengths fixed at 350nm. These results had agreed
with the research of Anwer, who revealed a decrease in fluorescence emission peaks intensity
compared with the contaminated urin samples with bacteria (bacteriurea) when excitation
wavelengths fixed at 290 nm whereas the excitation lengths 305,395,350 nm showed the highest

emission spectral density (Power, 2015).

As well as, the results of this research agreed with the results of Zavarik et al. (2013) who
confirmed that the emission fluorescence spectroscopy of the metabolic compounds in urine at 400-
460 nm is one of the most change sites that had been registered at the patient's urine compared with
the healthy persons. And these changes may be due to deficiency or existence of some metabolic
compounds in urine such as pyridoxic acid and pteridin compounds that are decreased in the
patients of kidney disease and renal failure related to deficiency of vitamin B6.

Also, Dubayova et al. (2003) confirmed that fluorescence spectral analysis technique regarded
as an effective technique that revealed any changes occurred in metabolic materials exist in any
vital system, so the increase of some fluorophores and their metabolic derivatives excreted into
urine may happen at a specific illness situation (Patel et al., 2007).

As well as, Rejasecaran et al. (2013) indicated that urine was regarded as one of important
vital diagnostic fluids that contianed different metabolic compounds and many of these compounds

are natural fluorophores.

They also stated that emission spectrums intensities at 405 nm wavelength of person's urine
infected with cancer showed an obvious difference comparing with healthy people's urine. The most
important natural fluorophores of urine are NADH, flavine, derivatives of pyridoxine FAD and the

protein connected with the metabolic processes.

Urine samples which have many natural metabolic fluorophors content that had its own
emission spectral peaks measured at 305,325,350 nm wavelength and these emission spectral peaks
differed between patients and healthy persons and these observed peaks wouldn't result by one
metabolic content, but depend on many contents that differs according to the clinical situation of the

person (Rana, 2008).

The results of this research came corresponded with the research of Leiner et al.(1987) which
confirmed that emission fluorescence spectral peaks changes had been registered for some patients
as a result of intensities change of some urine fluorophores. These fluorophores includ; indole
derivatives that gave emission spectral peaks at 300-320 nm such as; 3-,5-hydroxyindol-3acetate, 4-
pyridoxic acid, xanthine and hydroxyl anthranilic acid which have emission spectrum 345-435 nm.

We conclude from current research that urine's emission fluorescence spectroscopy measuring
regarded as an effective method for revealing the differences of urine spontaneous metabolic
compounds among health, kidney diseases and renal failure persons, and 350nm excitation
wavelengths used in this research were effective for showing these differences.
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