Alteraciones de analitos séricos y de orina en perros

diabéticos: Informe de 30 casos

dogs: 30 cases report

Samuel Genaro Jardon Herrera*  Rosa Luz Mondragoén Vargas*
Luis Enrique Garcia Ortufio* Jan Bouda*

Alterations of serum and urine analytes in diabetic

Abstract

The objective of this study was to describe alterations in blood clinical biochemistry and urinalysis which enable to establish
the diagnosis of diabetes mellitus in dogs. Thirty cases of diabetic dogs were analyzed. The inclusion criteria were the follow-
ing: hyperglycemia above 14 mmol/L, glucosuria, urine density above 1.014 and polyuria-polydipsia. Dogs of different breeds,
from 7 months to 14 years of age and both genders (73.3% females and 26.7% males) were studied. The most frequent bio-
chemical alterations in blood serum were: hyperglycemia (100%), increased urea (46%) and creatinine (13%), increase of enzyme
activities ALT (50%), AST (46%), alkaline phosphatase (56%), amylase (20%), creatine kinase (66%); hypercholesterolemia (66%),
hyperglobulinemia (33%), hyperphosphoremia (33%), hyperkaliemia (43%), hyponatremia (16%), hypochloremia (46%), hypo-
bicarbonatemia (50%), increased anion gap (53%), increased strong ion difference (30%), increased serum osmolality (23%)
and hypertriglyceridemia (50%). The urine density was between 1.015 and 1.064, mean value of urine glucose 49 mmol/L. Urine
ketone bodies were detected in 10% of all cases. Described alterations in clinical biochemistry are important for the diagnosis,
clinical care, and prognosis of dogs with diabetes mellitus.
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Resumen

El objetivo de este estudio fue describir alteraciones en la bioquimica clinica sanguineay en el urianalisis, con el fin de establecer
un diagnostico integral en perros con diabetes mellitus. Se analizaron 30 casos de perros diabéticos. Los criterios de inclusién
fueron: hiperglucemia superiora 14 mmol/L, glucosuria, densidad urinaria superior a 1.014 y poliuria-polidipsia. Los perros fueron
de diferentes razas, de siete meses a 14 afnos de edad y de ambos géneros (73.3% hembras y 26.7% machos). Las frecuencias de
las principales alteraciones bioquimicas en suero fueron: hiperglucemia (100.0%), incremento en las concentraciones de urea
(46%) y de creatinina (13%), incremento de la actividad de las enzimas ALT (50%), AST (46%), fosfatasa alcalina (56%), amilasa
(20%), creatina cinasa (66%), hipercolestrolemia (66%), hiperglobulinemia (33%), hiperfosforemia (33%), hipercaliemia (43%),
hiponatremia (16%), hipocloremia (46%), hipobicarbonatemia (50%), aumento de acidos no volatiles (53%), incremento en la
diferencia de iones fuertes (30%), hiperosmolalidad (23%) e hipertrigliceridemia (50%). La densidad urinaria oscilé entre 1.015 y
1.064, la glucosuria presentd, en promedio, 49 mmol/L. En 10% de los casos se observé cetonuria. Las alteraciones descritas en la
biogquimica clinica son importantes para el diagnéstico, manejo clinico y pronéstico de los perros con diabetes mellitus.
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Introduction

iabetes mellitus (DM) has an heterogeneous
Detiology, characterized by chronic hypergly-
cemia, glucosuria and metabolic abnormali-
ties, attributed to a deficient insulin effect."* After a
certain period of sickness, the changes that may be
present in diabetes mellitus complications include
hepatopathies, nephropathies, angiopathies, neu-
ropathies and hemogram alterations.”® Depending
on the severity of the metabolic abnormalities, the dis-
ease can be asymptomatic, or can be associated with
clinical signs such as polyuria, polydipsia and body
weight gain or loss, or progress to ketoacidosis, with
the possibility of reaching a comatose state and later
causing death.” Three types of diabetes mellitus are
known: Type 1, characterized by destruction of pan-
creatic B cells, immune mediated mechanisms or of
unknown origin. Type 2, by reduced secretion and low
tissue sensitivity to insulin. Type 3, includes two sub-
groups: subgroup A, where a specific mutation that
has been identified as the cause of genetic suscepti-
bility is present, and group B, associated with other
diseases (hyperadrenocorticism, pheochromocytoma,
achromegalia, etcetera) A
The objective of the present work was to analyze
and inform the obtained results in blood clinical bio-
chemistry and urinalysis in diabetic dogs, based on
the inclusion criteria, with the aim of describing dif-
ferent alterations that may allow to establish an inte-
gral diagnosis of the sickness.

Material and methods

The results were reviewed in the Clinical Pathology
Section of the Department of Pathology of the Faculty
of Veterinary Medicine and Animal Husbandry, of the
National Autonomous University of Mexico, during
the 2001-2005 period. The inclusion criteria were:
hyperglycemia above 14 mmol/L, glucosuria, urine
density above 1.014 and polyuria-polydipsia.

In regard to the gender, 73.3% of 30 animals were
females and 26.7% males. In relation to age, 16.5% of
the cases had between seven months and five years;
50% from six to ten years; 33.3% from 11 to 14 years.
In regard to the breed, 33.3% were Poodle; 16.5%
Creole; and 6.7% Labrador, Rottweiler and Cocker
Spaniel. In 13.5% of dogs cataracts were recorded,
10.0% showed polyphagia, 6.7% anorexia, 6.7%
depression, 6.7% alopecia, 3.3% obesity, 3.3% weight
loss and 3.3% diarrhea.

Serum concentrations of glucose, urea, creatinine,
cholesterol, alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), alkaline phosphatase
(AP), amylase, creatine kinase (CK), total proteins
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Introduccién

a diabetes mellitus (DM) tiene etiologia hete-
I rogénea, se caracteriza por hiperglucemia cro-
nica, glucosuria y anormalidades metabdlicas,
que se atribuyen al deficiente efecto de la insulina.'
Después de cierta duracion de la enfermedad, los cam-
bios que pueden presentarse en las complicaciones
de la diabetes mellitus incluyen hepatopatias, nefro-
patias, angiopatias, neuropatias y alteraciones en el
hemograma.”® Dependiendo de la severidad de las
anormalidades metabdlicas, el padecimiento puede
ser asintomadtico, o puede asociarse con signos clini-
cos como poliuria, polidipsia y ganancia o pérdida de
peso, o progresar a cetoacidosis, pudiendo llegar al
estado de coma y posteriormente producir la muerte.?
Se reconocen tres tipos de diabetes mellitus: Tipo 1,
caracterizada por destruccion de las células B del pan-
creas, por mecanismos inmunomediados o de origen
desconocido. Tipo 2, por disminucién de secrecién y
baja sensibilidad de los tejidos a la insulina. Tipo 3,
incluye a dos subgrupos: subgrupo A, donde se pre-
senta una mutacion especifica que hasido identificada
como causa de susceptibilidad genética, y subgrupo B,
asociado con otras enfermedades (hiperadrenocorti-
cismo, feocromocitoma, acromegalia, etcétera).!

El objetivo del presente trabajo fue analizar e infor-
mar los resultados obtenidos en la bioquimica sérica 'y
uriandlisis en perros diabéticos, con base en los crite-
rios de inclusion, con el fin de describir las diferentes
alteraciones que permitan establecer el diagnostico
integral de la enfermedad.

Material y métodos

Los resultados se revisaron en la Seccion de Patologia
Clinica del Departamento de Patologia de la Facul-
tad de Medicina Veterinaria y Zootecnia, de la Uni-
versidad Nacional Autonoma de México, durante el
periodo 2001-2005. Los criterios de inclusion fueron:
hiperglucemia superior a 14 mmol/L, glucosuria, den-
sidad urinaria superior a 1.014 y poliuria-polidipsia.

En cuanto al género, 73.3% de los 30 animales
eran hembras y 26.7% machos. Respecto de la edad,
16.5% de los casos tenian entre siete meses y cinco
anos; 50% de seis a diez anos; y 33.3% de 11 a 14 anos.
Respecto de raza, 33.3% eran Poodle; 16.5%, Crio-
llos; y 6.7% de las razas Labrador, Rottweiler y Cocker
Spaniel. En 13.5% de los perros se registro cataratas,
10.0% presenté polifagia, 6.7% anorexia, 6.7% depre-
sion, 6.7% alopecia, 3.3% obesidad, 3.3% pérdida de
pesoy 3.3% diarrea.

Las concentraciones séricas de glucosa, urea, crea-
tinina, colesterol, alanina aminotransferasa (ALT),
aspartato-aminotransferasa (AST), fosfatasa alcalina



(TP), albumin, calcium, phosphorus, bicarbonate and
triglycerides were determined by spectrometryin a bio-
chemical analyzer.* Sodium, potassium and chloride
electrolytes were assessed in an electrolyte analyzer.**
Globulins, non volatile acids (anion gap), strong ion
difference (SID) and serum osmolality values were
calculated from the obtained results.

In order to determine glucosuria and ketonuria,
dipsticks were used,*** urine density was evaluated by
means of the clinical refractometer.} Data analysis was
done with the Microstat statistic kit{ by descriptive sta-
tistic, which included means, ranges, standard devia-
tion and alteration frequencies in percentages. The
obtained information was contrasted with reference
values used in the Section of Clinical Pathology and
the published by other authors,”*’ in order to find
coincidences and differences in the present study.

Results

Serum concentrations of 22 biochemical analytes and
two from urine in diabetic dogs are shown in Table 1.
In 46% of the cases there was increase of urea values
and in 13%, increase of creatinine values. Hypercho-
lesterolemia in 66% was observed. Likewise, increase
in enzyme activities was found; ALT in 50%, AST in
46%, AP in 56%, amylase in 20% and CK in 66% of
the diabetic dogs. Hyperproteinemia was present in
16% of these; hypoproteinemia in 16%; hyperglobu-
linemia in 33%; hypocalcemia in 13%; hyperphospho-
remia in 33%; hyperkaliemia in 43%; hypokaliemia in
3%; hyponatraemia in 16%; hypernatraemia in 3%;
hypochloremia in 46%; and hyperchloremia in 6%.

Another relevant finding was the presence of
hypobicarbonatemia in 50% of the cases, only 3%
recorded hyperbicarbonatemia. Anion gap values
were increased in 53% of the dogs. SID was increased
in 30% of the cases. In the present study, decrease of
serum bicarbonate, SID and increase of non volatile
acid values correspond to metabolic acidosis by accu-
mulation of organic acids. Twenty three percent of the
studied population showed an increase in osmolality
values. Fifty percent of the diabetic dogs presented
hypertriglyceridemia, while 10% showed hypotriglyc-
eridemia. Urine density fluctuated between 1.015 and
1.064, in average, glucosuria presented 49 mmol/L.
According to the aforementioned, ketoacidotic diabe-
tes mellitus was observed in 10% of the cases.

Discussion

According to several authors,”*” the diagnosis of DM
is based on clinical signs, serum glucose values equal
or higher than 14 mmol/L, glucosuria and urine den-
sity higher than 1.014. Likewise, Hess® detected hyper-

(FA), amilasa, creatina-cinasa (CK), proteinas totales
(PT), albimina, calcio, fosforo, bicarbonato y trigli-
céridos se determinaron mediante espectrometria
en un analizador bioquimico.* Los electrolitos sodio,
potasio y cloro fueron determinados en un analizador
de electrolitos.** Los valores de globulinas, dcidos
no volatiles (anion gap), diferencia de iones fuertes
(DIF) y osmolalidad sérica se calcularon a partir de
los resultados obtenidos.

A fin de determinar glucosuriay cetonuria, se utili-
zaron tiras reactivas,*** la densidad urinaria fue eva-
luada mediante el uso del refractometro clinico.t El
analisis de los datos se practico con ayuda del paquete
estadistico Microstat] mediante estadistica descrip-
tiva, que incluy6 promedios, rangos, desviacion estan-
dar y frecuencias de alteraciones en porcentajes. La
informacién obtenida fue contrastada con valores de
referencia utilizados en la Seccion de Patologia Clinica
y lo publicado por otros autores,>*? a fin de encontrar
coincidencias y diferencias en el presente trabajo.

Resultados

Las concentraciones séricas de 22 analitos bioquimi-
cos ydos de orina en perros diabéticos se presentan en
el Cuadro 1. En 46% de los casos se presenté aumento
en valores de ureay en 13%, incremento en valores de
creatinina. En 66% se presenté hipercolesterolemia.
Asimismo, se hall6 incremento en las actividades de
las enzimas: ALT en 50%, AST en 46%, FA en 56%,
amilasa en 20% y CK en 66% de los perros diabéti-
cos. En 16% de éstos se present6 hiperproteinemia; en
16%, hipoproteinemia; 33% presentaron hiperglobu-
linemia; 13%, hipocalcemia; 33%, hiperfosforemia;
43%, hipercaliemia; 3%, hipocaliemia; 16%, hipona-
tremia; 3%, hipernatremia; 46%, hipocloremia;y 6%
hipercloremia.

Otro hallazgo importante fue la presencia de hipo-
bicarbonatemia en 50% de los casos, s6lo en 3% se
registré hiperbicarbonatemia. Los valores de acidos
no voldtiles aumentaron en 53% de los perros. En
30% de los casos aument6 la diferencia de los iones
fuertes. La disminucion de los valores séricos de bicar-
bonato, DIF y aumento de acidos no volatiles, en el
presente estudio, corresponden a acidosis metabdlica
por acumulacién de acidos organicos. De la pobla-
cién estudiada, 23% mostré incremento en valores
de osmolalidad. En 50% de los perros diabéticos se
hall6 hipertrigliceridemia, mientras que en 10% se
present6 hipotrigliceridemia. La densidad urinaria
oscil6 entre 1.015 y 1.064, la glucosuria presento, en

*Cobas-Mira, S Roche, Suiza.

**Easy lyte plus, Estados Unidos de América.
##SComburtest, Roche, Suiza.

tRefractometro clinico, Atago, Japon.

tMicrostat, Ecosoft, Inc., Estados Unidos de América.
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Cuadro 1
VALORES BIOQUiMICOS EN SUERO Y ORINA DE PERROS CON DIABETES MELLITUS (n =30)
SERUM AND URINE BIOCHEMICAL VALUES IN DOGS WITH DIABETES MELLITUS (n=30)

Maximum Reference

Analyte Average  Standard deviation  Minimum value value values
Glucose/mmol/L 224 2.25 16.0 26.8 3.88 10 6.88
Urea/mmol/L 8.9 5.15 3.40 29.4 21t07.9
Creatinine pmol/L 98.8 84 31.50 429 60 to 130
Cholesterol mmol/L 9.7 3.81 4.40 20.8 2.85t07.76
ALT UI/L 91 75.2 24.0 326 <70
AST UI/L 90.5 123 26 691 <55
AP UI/L 398 474 13 2425 <189
Amylase UI/L 1086 1343 230 5625 <1110
CK UI/L 707.8 1737 92 9695 <213
TP g/L 65.2 11 43 101 56-75
Albumin g/L 28.3 5.4 16 39 2910 30
Globulins g/L 36.8 8.8 24 66 231039
Calcium mmol/L 2.4 0.38 1.12 2.94 2.17t02.94
Phosphorus mmol/L 1.7 0.77 0.91 4.45 0.80t0 1.80
Potassium mmol/L 5.16 0.80 2.80 6.48 38to54
Sodium mmol/L 144 55 129 157 141 to 152
Chloride mmol/L 107 7.7 89 124 108 to 117
Bicarbonate mmol/L 15 5.7 8 27 1710 25
Anion gap mmol/L 26.3 8.6 12 48 12t024
SID mmol/L 36 5.9 25 47 30to 40
Osmolality mOsm/kg 308 11 289 339 280 to 305
Triglycerides mmol/L 2.59 3.6 0.48 19.20 06to1.2
Urine density 1.037 0.014 1.015 1.064
Glucosuria mmol/L 49 15.8 2.7 55 0

ALT (alanine aminotransferase), AST (aspartate aminotransferase), AP (alkaline phosphatase),

TP (total proteins), CK (creatine kinase), SID (strong ion difference).

glycemia in 85% of diabetic dogs, while 12% had
normoglycemia and 3% hypoglycemia, which could
be related to treatments. Cotton et al.’ report that
serum glucose concentration increased in all their
studied diabetic dogs, coinciding with the established
in this work. For other authors, persistent hyperglyce-
mia and glucosuria establish the diagnosis, although
they do not mention glucose values in their respective
studies.**%1012

In the present study, in 47% of the cases urea con-
centration showed increased values; in relation to this
result, some authors think that hyperazotemia, pres-
ent in DM, can have a pre-renal or renal 01rigin.8’9’13
Hess® found increased values in 22% of the cases,
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promedio, 49 mmol/L. De acuerdo con lo anterior,
la diabetes mellitus cetoacidética se observé en 10%
de los casos.

Discusioén

De acuerdo con diferentes autores,>'” el diagnéstico
de DM se establece con base en signos clinicos, valores
iguales o superiores a 14 mmol/L de glucosa sérica,
glucosuria y densidad urinaria superior a 1.014. Asi-
mismo, Hess® detecté hiperglucemia en 85% de los
perros diabéticos, mientras que 12% tuvieron normo-
glucemia y 3% hipoglucemia, lo anterior podria rela-
cionarse con tratamientos. Cotton el al.’ describen



74% with normal values and 4% with low values. Here
it was observed that more than the double percentage
of diabetic dogs with hyperazotemia, associated with
pre-renal causes due to dehydration caused by vomit
or diuresis and renal, since chronic hyperglycemia
induces hyalin degeneration of glomerular capillar-
ies." Doxey et al” found 9 mmol/L of urea, similar
level was found in our study, which was 8.9 mmol/L.

Serum creatinine showed increased values of
13%, the joint increments of creatinine and urea, in
association with urine density inferior to 1.030, estab-
lish the presence of renal failure, which was present
in 7% of dogs in this research. Hess® describes that
27% of diabetic dogs showed increased values of crea-
tinine, which represents more than double the per-
centage value obtained here, maybe because in his
work greater number of cases with renal failure were
present. In the studied population, 23% of the dogs
showed decreased values associated with deficient
muscular mass.*

Generally, urea and serum creatinine are found
in ranges of reference values in diabetic dogs without
complications, the increase of these two analytes can
also indicate dehydlration.5’6’9

Hess® found that 33% of the studied dogs showed
hypercholesterolemia; 66%, normal values and 1%,
low values. Here, the frequency of hypercholester-
olemia was two times higher than the one found
by Hess,® because in severe DM lipid metabolism is
increased to compensate the lack of use of carbohy-
drates as energy source. The use of lipids is progres-
sively increased as the severity of diabetes increases,
and the corporal fat deposits increase their mobiliza-
tion, presenting hypercholesterolemia in direct pro-
portion to the lipid mobilization grade."”

ALT is an enzyme that evaluates the hepatic integ-
rity and increases during DM in dogs.g'ﬁ'm’l‘z'l‘*’18 In the
present work, increased values were present in 50%
of the dogs. Hess® found an increase in 78% of the
diabetic dogs. Poppl and Gonzalez" described ALT
elevations in 40% of the cases, very similar frequency
as the one found in this study. Hepatocyte metabolic
alterations can cause liberation of enzymes and ALT
activity increase in serum, which can increase if altera-
tions cause changes in the membrane permeability.13

AST is another useful enzyme for the evaluation of
hepatocyte integrity in dogs, although itis also related
with muscular degeneration. In this study, AST activ-
ity was increased in 46% of the diabetic dogs, and
was lower in comparison with the frequency (71%)
described by Hess.® Higher values than the reference
ones detected suggest active hepatocellular degen-
eration, including hepatic necrosis.>>1318

The increments in AP were present in 57% of the
30 diabetic dogs, in this study they are attributed to

que la concentracion sérica de glucosa aument6 en
todos los perros diabéticos de su estudio, coincidiendo
con lo establecido en el presente trabajo. Para otros
autores, la hiperglucemia persistente y la glucosuria
establecen el diagnéstico, aunque no mencionan valo-
res de glucosa en sus respectivos estudios.*%!*!?

En la presente investigacion, en 47% de los casos la
concentracion de la urea mostro valores aumentados;
con respecto a este resultado, algunos autores opinan
que la hiperazotemia presente en DM puede ser de
origen prerrenal o renal.>”" Hess® encontré valores
altos en 22% de los casos, 74% con valores normales
y 4% con valores bajos. Aqui se observé mas del doble
del porcentaje de perros diabéticos con hiperazote-
mia, asociada a causas prerrenales debido a deshidra-
tacion por vomito o diuresis y renales debido a que la
hiperglucemia crénica induce degeneracién hialina de
los capilares sanguineos glomerulares." Doxey et al.”
encontraron 9 mmol/L de urea, valor muy similar al
encontrado en este trabajo, que fue de 8.9 mmol/L.

La creatinina sérica present6 valores incrementa-
dos en 13%, los incrementos conjuntos de creatinina
y urea, en asociaciéon con densidad urinaria inferior a
1.030, establecen la presencia de insuficiencia renal,
lo que se present6 en 7% de los perros en este estu-
dio. Hess® describe que 27% de los perros diabéticos
presentaron valores aumentados de creatinina, lo que
representa poco mas del doble del valor del porcentaje
obtenido aqui, debido a que en su trabajo quiza se pre-
sent6 mayor nimero de casos de insuficiencia renal.
En la poblacién objeto de estudio, 23% de los perros
evidenciaron valores disminuidos asociados con defi-
ciente masa muscular.’

Urea y creatinina sérica generalmente se encuen-
tran en rangos de valores de referencia en perros dia-
béticos sin complicaciones, el incremento de estos dos
analitos también puede indicar deshidratacion.”®?

Hess® hallé que 33% de los perros estudiados pre-
sentaron hipercolesterolemia, 66% valores normales y
1% valores bajos. Aqui la frecuencia de hipercoleste-
rolemia fue dos veces mas alta que lo encontrado por
Hess,® debido a que en DM severa el metabolismo de
los lipidos se incrementa para compensar la falta de
uso de los carbohidratos como fuente de energia. La
utilizacién de los lipidos se incrementa progresiva-
mente segiin aumente la severidad de la diabetes, e
incrementa la movilizacién de los depésitos de grasas
corporales, apareciendo hipercolesterolemia en pro-
porcién directa al grado de movilizaciéon de los lipi-
dos."”

ALT es una enzima que evalia la integridad hepa-
ticay se incrementa durante la DM en perros.”*!%1*1418
En el presente trabajo, en 50% de los perros se encon-
traron valores aumentados. Hess® hall6 aumento en
78% de los perros diabéticos. Poppl y Gonzalez' des-
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cholestasis, cholangiohepatitis, fatty liver and hypera-
drenocorticism, among other health problerns.g'ﬁ’g’m’12
Its frequency was lower in comparison to the detected
by Poppl and Gonzalez" (70%).

The jointly increased values of ALT, AST and AP
suggest hepatic lipidosis,6’9’12'15’16 which was found in
50% of the studied dogs.

The pancreatic amylase is scarcely used for DM
diagnosis; nevertheless, in this research hyperamy-
lasemia was found in 20% of the dogs. Greco' and
Lassen' report that the amylase and lipase values
increase when pancreatitis is DM cause. In its study,
Greco' found 13% of pancreatitis. The mechanism
in which DM predisposes dogs to develop acute pan-
creatitis is not known; nevertheless, it is possible that
hypertriglyceridemia is of importance.8 Likewise,
chronic inflammation and renal failure are two extra-
pancreatic processes which increase serum activity of
pancreatic enzymes as a result of renal minor excre-
tion or degradation of pancreatic enzymes, without
the existence of concomitant pancreatitis.5’15'16

CKis an enzyme thatalters in DM by diverse causes,
among them muscular catabolism increase and car-
diac affections. Here, CK increase was recorded in
66% of the studied population. Maybe, insulin regu-
lates the distribution of CK isoenzymes in cardiac
muscle and its effect is not due to the sympathetic
derivation induced by hypoglycemia.%'22

In thisstudy, hyperproteinemiawas four times more
frequent than the reported by Poppl and Gonzalez,"
and it suggests hemoconcentration or chronic
inflammation.*'# Hyperglobulinemia found in 33%
of diabetic dogs is associated with chronic inflamma-
tion and coincides with the frequency described by
Hoening and Dawe.?! In this work, hypoproteinemia
was present in 17% of diabetic dogs. In 43.4% of the
cases there was hypoalbuminemia, which is a conse-
quence of hepatic synthesis decrease or loss caused by
renal failure.*%% Hyperphosphoremia was present in
33% of diabetic dogs and is related with renal hypera-
zotemia or hemolisis."

Hyperkaliemia was present in 43% of dogs, this
condition is explained because insulin is required
to allow the introduction of potassium into the cells;
therefore, when there is deficiency of this, hyperka-
liemia is plroduced.ﬁ"g'16 Greco' mentions that hyper-
kaliemia is a finding in dogs that suffer ketoacidotic
diabetes. Nelson® describes that this finding is present
in pronounced acidosis and renal failure. Dogs may
have hypokaliemia, normokaliemia or hyperkaliemia,
depending on the duration of the disease, renal func-
tion and previous nutrition.” Hypokaliemia in 3% of
the dogs was associated with polyuria.”'?

Hyponatremia and hypochloremia found in 17%
of dogs, are consequence of secondary hemodilution
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criben elevaciones de ALT en 40% de los casos, fre-
cuencia muy parecida a lo encontrado en el presente
estudio. Las alteraciones metabdlicas en los hepatoci-
tos pueden provocar liberacién de enzimas y aumento
de actividad de la ALT en el suero, que puede incre-
mentarse si las alteraciones producen cambios en la
permeabilidad de la membrana.'®

La AST es otra enzima ttil para evaluar integridad
del hepatocito en perros, aunque también se rela-
ciona con degradacién muscular. En este estudio la
actividad de la AST se encontré aumentada en 46%
de los perros diabéticos, y fue menor en comparacion
con la frecuencia (71%) descrita por Hess.® Los valores
superiores al valor de referencia detectados sugieren
degeneracion hepatocelular activa, incluso necrosis
hepéltica.g'@m’18

Los incrementos de FA se presentaron en 57% de
los 30 perros diabéticos, aqui se atribuyen a colestasis,
colangiohepatitis, higado graso e hiperadrenocorti-
cismo, entre otros problemas de salud.>**!'*'* Su fre-
cuencia fue menor en comparacion con lo detectado
por Poppl y Gonzalez" (70%).

Los valores conjuntamente incrementados de ALT,
AST y de FA sugieren lipidosis hepaiticaf"”’l2’15'16 lo cual
se encontré en 50% de los perros estudiados.

La amilasa pancreatica es poco utilizada para el
diagnostico de la DM; sin embargo, en este trabajo
se encontr6 hiperamilasemia en 20% de los perros.
Greco" y Lassen" describen que los valores de ami-
lasa y lipasa se incrementan cuando la causa de DM
es pancreatitis. En su estudio, Greco' hallé 183% de
pancreatitis. E1 mecanismo por el cual la DM predis-
pone a los perros a desarrollar pancreatitis aguda no
es conocido; sin embargo, es posible que la hiper-
trigliceridemia sea de importancia.8 Asimismo, la
inflamacion crénica y la insuficiencia renal son dos
procesos extrapancreaticos que incrementan la acti-
vidad sérica de las enzimas pancreaticas como resul-
tado de la menor excrecion o degradacion renal de las
enzimas pancreaticas, sin la existencia de pancreatitis
concomitante.>>!

La CK es una enzima que se altera en la DM por
diversas causas, entre otras el incremento del catabo-
lismo muscular y afecciones cardiacas. Aqui, el incre-
mento de CK se registré en 66% de la poblacién objeto
de estudio. Quiza la insulina regula la distribucion de
las isoenzimas de la CK en el musculo cardiaco y su
efecto no se debe a la derivaciéon simpatica inducida
por la hipogluc<3rn121.2°'22

La hiperproteinemia en este estudio fue cuatro
veces mas frecuente que lo referido en la investigacion
de Poppl y Gonzalez," y sugiere hemoconcentracion
o inflamacién crénica.*""? La hiperglobulinemia
encontrada en 33% de los perros diabéticos se asocia
con inflamacién crénica y coincide con la frecuencia



due to polyuria and polydipsia or renal failure.'"'?

Sodium and chloride may decrease as consequence
of renal electrolyte loss; nevertheless, these changes
can be masked in dehydration cases; therefore, it is
important to evaluate and carry out a follow up of
such analytes when the animal is under liquid therapy
or dehydrated.5’9’“"15'16

Hypochloremia may also develop as a result of
vomiting, as in the study performed by Hess,® in which
40% of 221 analyzed dogs showed vomit. Hyperna-
tremia in this work (3%) was associated with hemo-
concentration.'?

Hypobicarbonatemia in 3% of dogs may be associ-
ated with metabolic alkalosis secondary to vomit. Dogs
that suffer ketoacidotic DM present metabolic acido-
sis, as consequence of the high production of ketone
bodies and low utilization of these by the peripheral
tissues.'” Dogs with diabetes mellitus and renal failure
develop metabolic acidosis.®"

As a consequence of accumulation, 53% of dogs
increased values of anion gap, this contributes to the
establishment of metabolic acidosis diagnosis by acid
acumulation.'"3"7

In 30% of the dogs higher SID values were pres-
ent, which establishes the diagnosis of hypochlore-
mic metabolic alkalosis. In 16% low SID values were
observed, which evidences hyperchloremic metabolic
acidosis.*#

Hyperosmolality was present in 23%, it generally
occurs in animals with severe hyperglycemia and in
ketoacidotic states."” Hyperglycemia joint with osmotic
diuresis and pre-renal hyperazotemia, present in
some diabetic dogs, causes hyperosmolarity of extra-
cellular liquid.

The studied population presented hypertriglyceri-
demia and hypotriglyceridemia in 50% and 10% cases,
respectively, coinciding with the cited by Duncan
and Hoening.11 Hypertriglyceridemia is explained by
alterations in the energy metabolism present in DM.'®
Blood increase in several lipids (triglycerides, choles-
terol and free fatty acids) results from the triglycerides
lipomobilization from fat deposits, decrease in hepatic
degradation of cholesterol, and increase in hepatic pro-
duction of very low density lipoproteins. Other causes
which produce hypertriglyceridemia are: decrease in
the activity of lipoprotein lipase enzyme, obesity, high
calorie consumption and excess in hepatic produc-
tion of triglycerides.12 The increase in concentrations
frequently results in visible lipemia.ls’l‘a'17 The urinaly-
sis has several diagnostic purposes in dogs with DM;
nevertheless, among the most important are to detect
glucosuria and ketonuria.® Even though, in this study,
almost half of the dogs presented hypobicarbonatemia
and anion gap increased, only 10% of the population
presented ketonuria. This last may be due because the

descrita por Hoening y Dawe.”! En este trabajo, la
hipoproteinemia se presenté en 17% de los perros dia-
béticos. En 43.4% de los casos se hall6 hipoalbumine-
mia, que es consecuencia de disminucion en la sintesis
hepatica o de pérdida debida a insuficiencia renal %%
La hiperfosforemia se presenté en 33% de los perros
diabéticos y tiene relacion con hiperazotemia renal o
hemdlisis."

En 43% de los perros se presenté hipercaliemia,
esta situacion se explica debido a que se requiere insu-
lina para permitirlaintroduccién de potasio alas célu-
las; por tanto, al haber deficiencia de ésta, se produce
hipercaliemia.5’9’16 Greco' menciona que la hiperca-
liemia es un hallazgo en perros que padecen diabetes
cetoacidética. Nelson® describe que este hallazgo se
presenta en acidosis pronunciada y en insuficiencia
renal. Los perros pueden tener hipocaliemia, normo-
caliemia o hipercaliemia, de acuerdo con la duracién
de la enfermedad, funcién renal y nutricion plrevia.5
La hipocaliemia en 3% de los perros se asocié con
poliuria.g’]2

La hiponatremia e hipocloremia encontradas en
17% de los perros, son consecuencia de hemodilucién
secundaria a poliuria y polidipsia, o a insuficiencia
renal.'"? El sodio y cloro pueden disminuir como
consecuencia de la pérdida renal de electrolitos; sin
embargo, estos cambios pueden estar enmascarados
en casos de deshidratacion; por tanto, es importante
evaluar y efectuar un seguimiento de dichos analitos
cuando el animal se halle bajo terapia de liquidos o
esté deshidratado.>*!115:16

La hipocloremia también se puede desarrollar
como resultado del vomito, como en el estudio reali-
zado por Hess,® en que 40% de 221 perros analizados
presentaron vomito. La hipernatremia en este trabajo
(3%) se asocié con hemoconcentracién.'®

La hipobicarbonatemia en 3% de los perros puede
estar asociada con alcalosis metabolica secundaria
a vomito. Los perros que padecen DM cetoacidotica
presentan acidosis metabolica, como consecuencia de
la alta produccion de cuerpos ceténicos y baja utiliza-
cién de éstos por los tejidos periféricos.'” Los perros
con diabetes mellitus e insuficiencia renal desarrollan
acidosis metabélica.®!’

En 53% de los perros se presentaron valores aumen-
tados de acidos no volatiles, como consecuencia de la
acumulacion, ello contribuye al establecimiento del
diagnostico de acidosis metabolica por ganancia de
acidos. 1317

En 30% de los perros se presentaron valores altos
de DIF, lo que establece el diagnéstico de alcalosis
metabdlica hipoclorémica. En 16% se presentaron
valores bajos de DIF, lo que evidencia acidosis meta-
boélica hiperclorémic21.4’23

La hiperosmolaridad se presenté en 23%, general-
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determination of ketone bodies with the urine dip-
sticks use nitroprusside reaction, which mainly detects
acetoacetate'' and not B-hydroxibutirate, which is the
most abundant and main responsible ketonic body in
diabetic ketoacidosis cases.*!! Other possibility is that
metabolic acidosis is a consequence of other concomi-
tant diseases, such as renal failure. Results differ from
the reported by Hess,® who found ketonuria in 31%
of the studied dogs. These variations are related with
different severe states of DM at the moment of the
diagnosis.

Itis concluded that the more frequent biochemical
alterations in diabetic dogs were: hyperglycemia, glu-
cosuria, hypercholesterolemia, hyperytriglyceridemia,
increase in enzyme activities of ALT, AST, AP; hypo-
bicaronatemia, hyperglobulinemia and increase in
urea and creatinine. Knowledge of the different bio-
chemical alterations is useful to establish with greater
precision the diagnosis, clinical care and prognosis of
diabetes mellitus in dogs.

Alterations in biochemical serum and urinaly-
sis are frequent and allow to establish the diagnosis,
treatment and follow up of diabetes mellitus.

The joined increase of urea, creatinine and urine
density inferior to 1.030 in dogs confirms renal fail-
ure diagnosis. This study presented 7% of the studied
population. Hypercholesterolemia was present in 63%
of the diabetic dogs, almost double of the referred in
the cited literature.

ALT, AST and AP increases in diabetic dogs’ serum
were inferior to the reported by cited authors, which
confirms less damage to hepatocytes.

ALT, AST and AP jointly increased values, suggest
fatty liver in 50% of diabetic dogs.

Hyperproteinemia and hyperamylasemia give evi-
dence to suspect on pancreatitis as cause of diabetes
mellitus in dogs.
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