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Clinicopathological Studies On The Role Of Urinary Enzymes In The
Diagnosis Of Nephrotoxicity In Dogs
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ABSTRACT

It wus reported that lack of early biomarkers for diagnosis of acute renal failure 1s
considered the most important problem hinder the effective therapeutic strategies. This study
was performed on fourteen apparently healthy adult male dogs with a mean weight of 13.5 kg.
They were demonstrated normal renal function before the study. Dogs were equally divided into
two groups each of which contained 7 dogs. Group 1 was kept as a normal control .Group 2 was
intramuscularly injected with gentamicin [Omg/kg B.W/d for 17 days . Blood samples were
taken from cephalic vein from seven dogs in each group at 6.8, 10, 12,13,14,15,16 and 17 days
post treatment. Also  random urine samples were collected by cystocentesis and used for
estimation of urinary enzymes. Specimens were taken from kidney at 15 and 17 days post
treatment for histopathological examination.

The results showed a significant increase in the serum creatinine and blood urea nitrogen at
17 days post treatment in the treated group compared with the normal control. The serum levels
of uric acid , total protein. albumin, globulin, sodium and potassium revealed non significant
changes all over the experimental periods in the gentamicin treated group.

Urne alkaline phosphatase of dogs treated with gentamicin showed a significant increase .t
15 and 16 days post treatment  and a highly significant increase at 17 day post treatment. The v
—glutamyltransferase activity was significantly inereased at 15, 16 and 17 days post treatment .
A significant increase in the urine activity of lactate dehydrogenase was recorded at 16 and 17
days post treatment. The histopathotogical changes in the kidney of the treated group revealed
moderate lesions at 15 days post treatment which became more severe at 17 days.

ft could be concluded that urine alkaline phosphatase, y-glutamyltransferase and lactate
dehydrogenase are superior than serum creatinine and blood urea nitrogen in the diagnosis of
renal damage.

INTRODUCTION

The development in the treatment of renal
diseases especially acute renal failwre has
faced many problems, Among them the lack
of early biomarkers is considered the most
important one () . However, the ability of
kidney to recover 1s depending on the causc.
duration of the disease and the extent of the
damage.  Earlier diagnosis and cffective
therapeutic  strategles  are  important  for is
improseinent of the high mortality rate ol sensitive

late stage. They are neither sensitive nor site
specific (5). The creatinine is increased when
65-75% of nephrons become damaged and the
urea concentration is affected by many
external tactors such as whole blood feeding 10
dogs (6).

So attention has been directed towards the
evaluation of urinary enzymes as markers for
nephrotoxicity in dogs because the technique
noninvasive and considered to be more
than the conventional tests (7).

acute renal failure (2-4). Also. in drug safety
evaluation Lhighly sensitive tests for renal
injury are needed because the conventional
diagnostic tests for renal damage such as
serum creatinine and urea concentrations are
unfortunately make detection at a relatively

Urinary enzymes also have the potential of
determining the primary site of renal damage
(8). Also (4) suggested that gamma-glutamyl
transferase (yGT) allows early detection of
renal tubular damage in dogs. The increase in
the brush border enzymes of dogs , including
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vyGT and alkaline phosphatase (ALP), have
been ussociated with renal proximal tubular
damage, while the increase 1n the laciate
dehydrogenase is associated with damage of
the entire of the nephron (7).

The aim of the present study is to
investigate the clinical diagnostic jmportance
of urinary alkaline phosphatase ,gamma-
glutamyliransferase and lactate dechydrogenase
as early biomarkers for acute renal failure.

MATERIAL AND METHODS
Animals

This experimental study was performed on
fourteen adult apparently healthy male dogs
with a mean weight of (13.5 kg). They were
demonstrated normal renal function before the
study. Dogs were equally divided into two
groups each of which contained 7 dogs. Group
1 was kept as a normal control .Group (2) was

intramuscularly  injected  with  gentamicin
(10meg/kg  B.W/d, Alexandria Co. for

pharmaceuticals- Alexandria-Egypt) (9) for 17
days .

Sampling

Blood samples (5 ml)were taken from
cephalic vein from seven dogs in each group at
60.8.10, 12,13.14,15,16 and 17 days post
treatment. These samples were collected into a
centrifuge tubes for separation of serum by
centrifugation for biochemical analysis. Also,
random urine samples (10 ml) were collected
from each dog by cystocentesis. The samples
were centrifuged at 1200 RPM  for 10
minutes and the supernatant was uscd for
estirnation of urinary enzymes (16,

Biochemical study

The tested biochemical parameters included
serum creatinine according to (11) | blood urea
nitrogen (I2) , uric  acid (13) scrum total
protein ({4). albumin (15) and serum globulins
were calculated as the difference between total
protein and albumin. Serum sodium and
potassium were measured by using {lame

photometer Urine alkaline phosphatasc
(ALP) was determined (16), v glutamyle

transferase (vGT) (17) and lactate

dehydrogenase (LDH) (F8) .
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Histopathological examination

Specimens were taken from kidney at 15
and 17 days of age. The specimens were fixed
in 10 % neutral buffered formalin and were
cmbedded in paraffin. Secttons of {ive micren
thickness were prepared and stained  with
hematoxylin and eosin (H & E) (19}.

Statistical analysis

Results  of  tested parameters were
statistically analyzed (20) using the MSTAT —
C computer program.

RESULTS
Serum biochemical findings

Table (1) shows a significant licrease in
the serum creatinine level (17.05%) and blood
urca nitrogen level (13.36%) at 17 days post
treatment in the gentamicin treatcd group
compared with the normal conmrol. Non
significant change was noticed in the serum
level of uric acid.

Table (2} shows non significant changes in
the serum levels of total protein, albumin and
globulin all over the experimental periods in
the gentamicin treated group compared with
the normal control.

Tabie (3) reveals non significant changes
i the serum levels of sodium and potassium
in the different periods in the gentamicin
treated group compared with the normal
control.

Urinary enzymes

Urine acuvity of alkaline phosphutase of
dogs reated with gentamicin  showed a
significant increase at 15 and 16 days post

treatment by  (12.14% and 19.01%)
respectively. A highly significant increase
(31.57%) was  reported at 17 day post

treatment. The y—glutamyltransferase activity
was  significantly  increased by 1Y.20%
[1.65% and 12.52%) at 15, 16 and 17 days
post treatment with gentamicin respectively.
A significant increase in urine aciivilty of
lactate dehvdrogenase was recondcd by
(11.10%) and (15.32%) at 16 and 17 days post
treatment respectively (Table 4).
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Pathological changes

Macroscopically the kidney of gentamicin
treated group was slhightly smaller than the
normal control. Microscopically at 15 days
post treatment the renal parenchyma suffered
from focul coagulative necrosis of some renal
tubules represented by granular cosinophilic
cytoplasm  with karyolysis of their nuclei
which c¢ncircled with round cells mainly
periglomerular (Fig. 1). Some glomeruli  had
dilated glomerular space with partially
destroyed glomerular tufts. The kidney of dogs
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17 days post treatment showed diffuse
subcapsular necrotic changes of renal tissue
manifested by cytoplasmolysis and pyknosis
or karyolysis of their nuclet together with
thickened renal capsule (Fig. 2). Other tubules
had swollen renal epithelium, fragmented
eosinephilic cytoplasm with absence of the
majority of their nuclei beside hyaline casts
inside the lumina of some tubules (Figs. 3&4).
Moreover lobulation of some glomerular tufts
was encountcred in the renal corpusles of
some nephrons.

Table 1. Some renal function testes of dogs (mean values + SE)

T .
} Perieds ( day)
Groups | Parameters -— 8 10 12 13 14 15 16 17
Go. (1, 086 | 087 | 087 | 0.87 | 088 | 0.86 | 0.88 | 0.88 | 0.88
P- +0.05 | +0.04 | +0.05 | £0.06 | +0.06 | +0.06 | +0.06 | +0.05 | +0.04
N | .. I v N S
Gp. () | Creatinine [ 086 | 088 | 0.89 | 089 | 090 | 089 [ 093 | 0.94 [ 1.03°
p- (= (mg/d) | +0.05 | +0.06 | +0.07 | +0.07 | +0.07 | +0.08 | +0.08 | +0.08 | +0.05
&
L +0.00 ﬁus +230 | +2.30 | #2.27 | 4349 | +5.68 | +6.82 | +17.05
difference ;
o (1, 17.29 F7.14 17.00 | 17.28 | 17.29 | 17.43 | 1743 | 17.29 | 17.14
P hlood urea L2097 | £0.63 | 4053 | +0.42 | £0.47 | 4048 | £0.53 | +0.64 | +0.51
o2 | nitrogen | 1713 [ 1743 [ 1743 1771 1786 [ 1814 | 1829 | 1871 [19.437
M gfm +0.86 | +0.84 | +0.57 | +0.52 | +0.59 | +0.60 | +0.68 | +0.91 | +0.78
e 087 | +1.69 | +2.53 | 4249 | +3.30 | +4.07 | +4.93 | +8.21 {+13.36
difference
Go. (1 304 | 394 | 398 | 398 | 3.99 | 397 | 397 | 397 | 4.00
p- 1) +0.11 | £0.09 | +0.11 | 40.07 | +0.09 | +0.10 | +0.07 | +0.09 | +0.13
o2, | Uricacid [73007 7307 177400 404 | 404 | 406 | 409 | 414 | 419
PN mgidl) | 20010 | +0.12 | 010 | +0.10 | +0.08 | +0.10 | +0.09 | 40.12 | +0.11
e £127 | 1076 | 4101 | 4151 { +125 | 4227 | +3.02 | +428 | +4.75
difference 1

*Significant at P<0.05
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Table 2. Changes in serum total protein, albumin and globulins of dogs (mean values +

SE).
. Periods { day) 7
Groups | Parameters — 8 10 12 13 14 15 16 17
Gp. (1 6.16 | 6.13 | 6.16 | 620 | 6.15 | 6.17 | 6.14 | 6.13 | 6.14
p- 1) 1012 1 0,12 | 20,11 | 40.12 | +0.10 | +0.13 | +0.12 | +0.13 | +0.15
. (2 T"t(a]l;’/fi‘ge'“ 616 | 6.10 | 601 | 600 | 596 | 594 | 588 | 586 | 576
p-t g 4011 | #0011 1 40,14 1 1014 | £0.14 | +0.15 | +0.15 | +0.17 | +0.16
% 0.00 | -049 | 244 | -323 | 310 | -3.73 | 423 | -4.40 | -6.19
difference
Gp. (1 3.00 | 3.00 | 3.02 | 3.02 | 303 | 3.03 | 3.02 | 3.02 | 2.99
p- (1) +0.09 | £0.09 | +0.07 | +0.07 | +0.05 | +0.08 | +0.08 | +0.09 | +0.11
Gp. (2) ’?lb“/'gl‘)“ 299 | 298 | 291 | 289 | 289 @ 288 | 286 | 283 | 279
- = gm +0.05 | +0.08 - +0.11 | +6.08 | #0.11 | +0.11 | #0.09 | £0.1¢  +0.08
% 033 | 066 | -3.64 | 430 | -4.62 | 495 | -529 | -629 | -6.69
|[differencel
Gp. (1) 316 | 303 | 3.4 | 3.8 | 3.2 | 314 | 312 | 311 | 315
P- +0.14 | +0.09 | +0.04 | +0.05 | +0.06 | +0.06 | +0.05 | +0.05 | +0.06
G (2) G(l"b'j(;‘l?‘s 347 342 | 310 | 301 | 307 306 | 3.04 | 3.03 | 297
2Bt g/l 006 | 1001 1010 | 4000 | 2001 4001 | +0.12 | +0.13 012
% +0.32 | 032 | -127 | 220 | -1.60 | 255 | 2.56 | 257 © 5.7t
ifference
Table 3. Changes in serum sodium and potassium of dogs (mean values + SE).
Periods ( day)
G P t
roups | rarameters g 8 10 12 13 14 | 15 16 17
Gp. () 142.71 | 143.24 | 143.14 | 143.29 | 143.43 | 143.00 | 143.14 | 143.00 | 143.14
p- +1.02 | 40.86 | +0.67 | +0.68 | +0.6]1 | +0.58 | +0.51 | +0.62 | +0.86
G, (2) Sodium 174400 | 143.71 | 143.71 | 143.00 | 143.00 | 142.29 | 141.86 | 141.57 | 141.14
P s (mmol/l} 1 1082 | +0.68 | +0.75 | 20.76 | +0.87 | +0.81 | 082 | 10.84 . +1.0l
L% +0.90 | +033 | +0.40 | 020 | 030 | 050 | -089 | -1.00 |-140_
difference :
Gp. (1) 437 | 437 | 439 | 438 | 439 | 436 | 436 | 437 | 439
P- +0.10 | #0011 | 4014 | 40,12 | £0.09 | +0.11 | +0.10 | +0.09 = +0.09
G (2) fc’lﬁfs‘]‘/‘]‘? 435 | 436 | 438 | 238 | 441 | 443 | 447 | 450 455
B mmo +0.09 4010 =013 | #0011 | =010 <011 | 4001 { 4010 40,11
|
G 2046 ¢ -0.23 . 023 | +0.00 | +0.46  +1.6 | +2.52 | +2.97 | +3.64
difference : i |
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Table 4. Changes in urine ALP, y(G'T' and LDH of dogs (mean values + SE).

Groups | Parameters g 8 10 12Pmmis3( day)14 15 | 16 | 17
Go. (1) | 10.83 | 1079 | 10.82 | 10.74 | 10.82 | 10.93 | 10.96 | 10.85 | 10.80
-t <021 | +032 | 4051 | +048 | +0.62 | +0.68 | 2050 | 40.56 | +0.68
Go. (2 ALP 1062 | 10.81 | 11.04 | 11.30 | 1147 | 1170 | 12.29% | 12.92% |14.21*
p- = um £037 | 1026 | +0.49 | +0.45 | +0.48 | £0.50 | +0.34 | +0.60 | +0.93
.

. 194 | +0.19 | 42.03 | 4521 | +6.01 | +7.04 | +12.14 | +19.01 | +31.57

difference

o (1) 29.86 | 30.00 | 29.86 | 30.14 | 30.00 | 2971 | 29.57 | 29.43 | 29.71
p- +100 [ +£1.27 | 4118 | 2099 | +0.69 | +0.84 | +0.43 | +0.92 | £0.99
Go.r | Job 2904|2029 | 2057 2086 | 3029 | 3029 |32.20%|32.86* | 33.43*
p-(= (UM 4116 | <125 | <156 | +1.60 | +132 | +123 | +1.04 | +1.18 | +1.25
e 241 | 237 | 097 | 093 | +0.97 | +1.95 | 49.20 | +11.65|+12.5

difference F

Go (11 1583 | 1586 | 1586 | 15.71 | 15.86 | 16.00 | 16.14 | 1594 | 15.86
Pt +058 | +0.34 | +0.50 | +0.52 | =034 | 4061 | +0.55 | +0.43 | +0.59

i

Go.2r (o | 1580|1614 | 1614 | 1629 | 1671 | 1714 | 1743 |1771% | 18.29%

P20 (D 080 | 5080 | 051 | +0.52 | +0.78 | 40.67 | +0.72 | +0.61 | +0.81
-
I 019 | 177 14177 | 43.69 | 4536 | 47.12 | 47.99 | +11.10| +15.32
d}fferem‘e‘

#Signtlicant at P<0.05 7 Sienificant at P<0.01
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Fig. 1. Kidney of dog (15 day post treatment) showing focal coagulative necrosis of some renal
tubules with presence of periglomerular round cells aggregation (H & E x 1200).

Fig.2. Kidney of dog (17 day post treatment) showing diffuse subcapsular necrosis with
thickened renal capsule. (1 & E x1200).

Fig 3. Kidney of dog (17 day post treatment) showing diffuse coagulative necrosis with hyaline

casts inside the lumina of some renal tubules (H & £ X 300).

Fig.4. Kidney of dog (17 day post treatment) high power of the previous figure to show the

necrotic changes of renal enithelia and hvaline casts (H & E X 1200).
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DISCUSSION

This study showed that administration of
gentamicin caused damage to the renal tissue
as  clarified by both  the clinico — and
histopathological means .This renal damage
was reflected at 17 days post treatment by a
significant increase in the serum  levels of
creatinine and  blood urea nitrogen. Such
biochemical changes, in the present work, are
the outcome of  nephropathy  which s
manifested by diffuse subcapsular necrosis
with thickened renal capsule and diffuse
coagulative necrosis with hyaline casts inside
the Turmina of some renal tubules Numerous
have been referred to renal  toxicity  of
gentamicin. The common understanding  is
that accumulation of the aminoglycosoides,
particularly in  the renal proximal cells,
accounlts for direct cytotoxicity (9, 21, 22),
The scrum levels of uric acid, total protein,
albumin.  globulin.  sodium and  potassium
showed non significant changes 'This indicates
that seruin creatinine and blood urea nitrogen
are more sensitive than them as they need
more time to be changed. The urine activity of
ALP is significantly increased from the 15 day
post  treatment  which  became  highly
stemificant at 17 day. Alkaline phosphatase 15 a
brush border enzyme which 15 more sensitive
for even mild renal damage and this is
clarified by the histopatholegical findings
which rcvealed focal necrosis of some renal
tubules with presence of periglomerular round
cells agercgation. This support the previously
obtained resuft by many authors (23, 24) who
suggested that urinary AL can be used as an
early indicator for acute renal damage.
Regarding to the activity of y glutamyl
transferase a significant increase was recorded
at 15 day post treatment tif]l the end of the
experiment. Nearly simtlar result was obtained
(9) who reported a significant increase in the
vyG'T preceded  the significant increase in the
serum creatininee  value by four days.
Moreover (4) mentioned thar yGT can used as
an carly  biomarker for renal damage.
Concerning  to  the result  of  lactate
dehydrocenase, 1t seemed to be the least
sensitive one 1 the measured enzymes as i
showed a significant increase at 16 day post

138

treatment. Necarly this result 1s in accordance
with (25).

It could be concluded that urine ALP, yGT
and LDH are more sensitive as early
biomarkers for renal damage than serum
creatininee and blood urea nitrogen. The most
sensitive one was ALP and the lcast was LDH
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