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ABSTRACT

Chemotherapy agents have some undesirable and non-selective cytostatic effects. Considering that kidneys are vulnerable
to drug-induced toxicity, this study evaluated renal injury caused by vincristine sulfate (VS) in 12 female dogs diagnosed
with transmissible venereal tumor (TVT). The animals were treated with VS (0.025 mg/kg IV) every 7 days for 4 weeks.
During treatment, the animals were subjected to clinical examination, blood count, serum measurement of symmetric
dimethylarginine (SDMA), blood urea nitrogen (BUN), creatinine, alanine aminotransferase, and alkaline phosphatase.
In addition, urinalysis and urinary gamma-glutamyl transferase (GGT) measurements were performed. All parameters
were determined three times: before beginning the treatment (T0), after 14 days (T1), and after 28 days (T2). During the
study period, there were no changes in serum urea or creatinine levels, urine specific gravity, or persistent proteinuria.
Furthermore, urinary GGT measurement did not indicate tubular lesions, and consistent elevation of SDMA was found
in only one patient above the reference range. The results showed that weekly therapy with VS as a single agent for 28 days
does not induce renal injury in most cases.
Keywords: Chemotherapy. Gamma-glutamyl transferase. Renal injury. Renal marker. Symmetric dimethylarginine.
RESUMO

Os agentes quimioterápicos possuem efeitos citostáticos indesejáveis e não seletivos. Considerando a vulnerabilidade
renal à toxicidade induzida por drogas, este estudo avaliou a lesão renal causada pelo sulfato de vincristina (VS) em
12 cadelas com diagnóstico de tumor venéreo transmissível (TVT). Os animais foram tratados com VS (0,025 mg / kg
IV) a cada sete dias, durante quatro semanas. No transcurso do tratamento, os animais foram submetidos a exame clínico,
hemograma, dosagem sérica de dimetilarginina simétrica (SDMA), nitrogênio ureico sanguíneo (BUN), creatinina,
alanina aminotransferase e fosfatase alcalina. Além disso, foram realizadas análises de urina e medições de gama-glutamil
transferase (GGT) urinária. Todos os parâmetros foram mensurados em três tempos, antes do início do tratamento (T0),
aos 14 dias (T1) e aos 28 dias (T2). Durante o período do estudo, não houve alterações nas concentrações de ureia ou
creatinina séricas, na gravidade específica da urina ou proteinúria persistente. Além disso, a medição de GGT urinária
não indicou lesões tubulares, e elevação consistente de SDMA foi encontrada em apenas um paciente acima do intervalo
de referência. Os resultados mostraram que a terapia semanal com VS como agente único por 28 dias não induz lesão
renal na maioria dos casos.
Palavras-chaves: Quimioterapia. Gama-glutamil transferase. Lesão renal. Marcador renal. Dimetilarginina
simétrica.
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Introduction
Despite advances in chemotherapy treatment, drug
nephrotoxicity remains a complication and sometimes limits
life-saving therapy, as acute kidney injury and electrolyte
imbalance are the most common renal disturbance observed
(Piscitani et al., 2020). Kidneys are vulnerable to drug-induced
toxicity because of large blood flow, approximately 25% of
cardiac, and as a consequence, nephrons can be affected
by chemotherapeutic agents, inducing glomerular disease
and tubulointerstitial damage (Shati, 2019).
Vincristine sulfate (VS) has been used in chemotherapy
treatments for decades, especially for lymphocytic and
lymphoblastic leukemia and lymphoma (López-Gómez et al.,
2018). It is the most effective and practical therapy for
canine transmissible venereal tumors (TVT) (Kanca et al.,
2018). Although VS is well-tolerated and effective as a
chemotherapeutic drug in dogs, it has some undesirable
and non-selective cytostatic effects, especially in cases of
TVT (Furini et al., 2014), which is affected by the immunity
of the host (Kanca et al., 2018).
Most of the VS metabolites are eliminated in feces
because of biliary excretion, and patients with reduced
drug elimination due to increased alkaline phosphatase
(ALP) are more likely to develop neurotoxicity associated
with VS administration (Sajjad, 2012). About 8–15% of
VS is excreted in the urine in an unchanged form. Studies
in rodents related some histopathological changes in the
renal tubules (degeneration, dilation, vacuolization, and
necrosis of the proximal and distal convoluted tubules)
and glomeruli (congestion, thinning, and detachment of
the basement membrane), enhancing oxidative stress and
inflammation which may lead to activation of apoptosis and

consequent cell death, thus confirming the VS nephrotoxic
effect (Sajjad, 2012; Shati, 2019).
Renal function markers, such as urea and creatinine, are
considered late markers because the glomerular filtration
rate decrease is clinically detectable after substantial losses of
nephrons, up to 50% or more, before azotemia development
(Cianciolo et al., 2016). Studies evaluating urinary gammaglutamyl transferase (GGT) concentration as an early renal marker
have reported satisfactory results in detecting tubular injury
(Perondi et al., 2019). Likewise, symmetric dimethylarginine
(SDMA) is an early marker of glomerular filtration rate and
superior to serum creatinine because it is unaffected by muscle
loss, useful for the identification and monitoring of decreased
renal function in dogs (Hall et al., 2014; Nabity et al., 2015).
Therefore, this study aimed to evaluate the influence of VS
chemotherapy on the renal function of female dogs with TVT.

Material and Methods
This study included 12 female mongrel dogs, aged
1–6 years, with compatible clinical signs and a positive
cytological diagnosis of genital TVT. No changes were
identified in regional lymph nodes or metastatic processes
on routine clinical examination. The patient evaluation was
performed three times: before beginning the chemotherapy
treatment (T0), and after 14 (T1) and 28 (T2) days of its
implementation. Anamnesis, physical examination, and
laboratory tests were performed on all dogs. Animals with
comorbidities suspected, before or during the experiment,
were excluded from this study. The animals were evaluated
weekly and received intravenous (IV) 0.025 mg/kg VS,
according to Ganguly et al. (2016) and Kanca et al. (2018),
totaling four applications during the experiment.
Automatized blood count was performed (Hematoclin
2.8 VET - Bioclin®), with differential cell counting and
morphologic evaluation under optical microscopy; serum
biochemical evaluation of urea, creatinine (CRE), ALP, and
alanine aminotransferase (ALT) (SX-160 - Sinnowa®) was
performed using commercial kits (Bioclin®). An aliquot of
serum (2 mL) was stored at -20 °C following the measurement
of SDMA by Idexx Laboratories. Urine samples were collected
and kept under refrigeration (2–4 °C, 4 h) until evaluation
(chemical, physical, and sediment analysis). Urinary specific
gravity was determined using a refractometer, and urinary
GGT concentration was assessed using the modified Szasz
technique, corrected based on urine gravity.
Data were analyzed using the following quantitative
parameters: hematological, serum biochemical (ALT, ALP,
urea, creatinine, and SDMA), urinary GGT, and urinary
density. For each endpoint, univariate analysis of variance was
used to compare the effect of various times (T0, T1, and T2).
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Results
VS treatment (0.025 mg/kg) resulted in remission of clinical
signs and negative cytology in 100% of the cases after four
weekly administrations. Although 83.33% of the animals were
rescued from the street or semi-domiciled, clinical changes
were not observed during the study period, only discrete
apathy and dysorexia, in addition to the genital tumor with
bloody secretion. One animal presented with vasculitis and
cutaneous ulceration after the third application, receiving
topical treatment and presenting a good tissue repair process.
The hematological evaluation revealed mild normochromic
normocytic anemia at the time of diagnosis (T0) in 42%
of the animals (n = 5). In T1 and T2, it was identified in
50% (n = 6) of the cases. Furthermore, no differences were
observed when comparing red series parameters (red
blood cell count, hemoglobin concentration, and globular
volume) and platelet count among various times (P > 0.05).
A marked leukopenia due to neutropenia was shown with
significant difference between T0 × T1 (P = 0.03; P = 0.02)
and T0 × T2 (P = 0.02; P = 0.01), in leukocyte and neutrophil
numbers, respectively. Thrombocytopenia was detected in
92% of the animals during treatment at least once (Table 1).
During chemotherapy treatment with VS, the values of
ALT, ALP, urea, and creatinine (Figure 1) remained within
the reference range during all times (Table 1), without

the influence of treatment at various times (P > 0.05).
A reduction in urine-specific gravity was observed, from
1046 to 1037 at T0 and T2, respectively, without a statistical
difference (Table 1). Five animals (42%) presented with 1+
to 3+ of protein during urine analysis, but only one animal
was positive in all time-point evaluations, whereas the other
four animals presented proteinuria once. Other urinary
parameters were within the normal range.
Urinary GGT concentrations were corrected by urine
specific gravity, observing normalized values and normal
distribution (P > 0.05) at all times (Table 2). SDMA
concentrations had a normal distribution (P > 0.05) at all
times and within the reference range at the beginning of
the study (T0). However, a non-significant elevation of
SDMA from 2 to 6 µg /dL was observed in six animals
(50%) at T1 when compared with T0. Despite this, only two
animals (17%) had this elevation above the reference range
in T1. In one of these patients, the SDMA concentration
decreased again at T2, presenting a value similar to T0,
and the second one had the SDMA concentration slightly
increased in T1, and this elevation was maintained at T2,
indicating a kidney injury. Individual variation of up to 6 µg/
dL in SDMA concentration, with no clinical correlation,
was observed during treatment with vincristine (Table 2).

Table 1 – Descriptive statistical analysis with a mean (X), standard deviation (SD), and minimum (Min) and maximum (max) values
of the evaluated hematological and biochemical parameters of female dogs with compatible clinical signs and a positive
cytological diagnosis of genital Transmissible Venereal Tumor, treated with vincristine sulfate, at the three evaluation times

He
(x106)
Hg
(g/dl)
VG
(%)
Leu
(µL)
Neu
(%)
Plat (x103)
ALT (UI/L)
ALP (UI/L)
BUN
(mg/dL)
Creat (mg/
dL)
SDMA (µg/
dL)
GGTU (UI/L)
USG

X
5.88

T0
SD
1.04

Min-max
4.61-7.69

X
6.61

T1
SD
1.08

Min-max
4.21-8.18

X
5.28

T2
SD
1.01

Min-max
2.54-6.30

12.74

2.35

9.0-17.0

11.67

1.36

9.0-14.0

11.25

2.36

5.5-13.5

36.77

6.92

25.9-48.3

34.42

4.22

27.0-40.8

33.56

6.78

16.0-40.0

19.09a. b

12.15

6.2-49.9

10.42a

46.25

3.9-16.3

9.56 b

50.46

3.2-18.4

13.49 a. b

11.49

5.12-44.91

5.00 a

2.96

1.51-9.54

4.39 b

2.85

1.28-9.94

168.83
24.33
53.83
14.20

159.75
8.26
32.38
5.94

44-635
out/39
6-119
6.5-25.7

170.33
33.00
44.75
14.15

113.48
15.50
23.53
4.52

44-404
out/66
13-84
8.4-22.4

179.58
31.58
45.75
14.58

129.32
7.15
21.21
4.34

24-426
17-44
dez/93
8.87-24.27

0.79

0.23

0.42-1.16

0.79

0.30

0.45-1.37

0.79

0.26

0.47-1.4

10.58

1.88

jul/13

11.33

3.28

ago/18

11.17

3.24

7 – 19

29.7
1046.6

19.09
12.89

10.3- 68.7
1024-1060

26.33
1040.0

11.47
16.62

13.4-49.4
1918-1078

25.88
1037.4

14.33
13.0

10.8-55.3
1014-1060

He: Red blood cells; Hg: hemoglobin, VG: globular volume; Leu: leukocytes; Neu: Neutrophils; Plat: platelets; ALT: Alanine Aminotransferase; ALP: alkaline
phosphatase; BUN: blood nitrogen; Creat: creatinine; SDMA: symmetrical dimethylarginine; GGTu: urinary gamma-glutamyl transferase; USG: urinary specific
gravity.
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Figure 1 – Box-plot of creatinine concentrations and SDMA concentrations, maximum, minimum and mean representations, during
vincristine sulfate treatment, of female dogs with compatible clinical signs and a positive cytological diagnosis of genital
Transmissible Venereal Tumor, treated with vincristine sulfate, at the three evaluation times.
Table 2 – Serum creatinine, symmetric dimethylarginine (SDMA), and urinary GGT (GGTU) concentration of female dogs with
compatible clinical signs and a positive cytological diagnosis of genital Transmissible Venereal Tumor, treated with
vincristine sulfate, at the three assessment times

1
2
3
4
5
6
7
8
9
10
11
12

T0
0.98
1.16
0.72
0.73
1.08
0.77
0.5
0.57
0.69
0.91
0.42
0.92

Creatinine (mg/dL)
T1
0.55
1.29
1.37
0.6
1.05
0.65
0.7
0.58
0.65
0.63
0.45
0.94

T2
0.61
1.03
1.4
0.73
0.92
0.72
0.55
0.59
0.75
0.73
0.47
0.97

T0
9
11
7
13
11
12
8
13
12
10
11
10

SDMA (µg/dL)
T1
13
17
9
11
9
10
9
10
18
9
13
8

T2
11
11
7
9
14
8
10
9
19
13
13
10

T0
21
15.1
23.6
24.1
19.6
10.3
46.7
50.4
13
68.7
50.4
14.5

GGTU (UI/L)
T1
44.4
16
26.5
25
13.4
17.1
20.5
30.8
49.4
33.5
15.5
23.9

T2
32.6
13.5
21.7
19.3
18
10.8
18.1
39.7
45.8
55.3
12
23.8

Reference Value: Creatinine (0.5-1.6 mg / dL); SDMA (0-14 µg / dL); GGTu (14-92 UI/L).

No statistical difference was identified when comparing
the mean concentrations of SDMA (Figure 1).

Discussion
In canine TVT, therapeutic success is usually achieved after
2–8 VS injections in over 90% of cases (Kanca et al., 2018) In
this study, four weekly applications were sufficient to achieve
100% remission in all patients. At the beginning of the study
(T0), mild anemia identified in 42% of the animals is usually
observed in TVT cases. However, a regenerative hypochromic
microcytic anemia related to hemorrhagic processes was
expected (Priyadarshini et al., 2021). Differing from this,
normocytic normochromic anemia was observed due to a
chronic inflammatory disease influence, which may have
been aggravated by nutritional deficiencies (Cardozo et al.,
2013) since some patients were stray dogs. No anemic dogs

at T0 developed a progressive decrease in blood cell count
at T1 and T2, and this hematologic alteration plus the
leukopenia with marked neutropenia are characteristics
frequently reported in VS treatment for canine TVT (Braz
& Marinho, 2021; Hantrakul et al., 2014; Kanca et al., 2018;
Kumar et al., 2018). Chemotherapy has no selectivity, affecting
both neoplastic and healthy tissues, causing cytopenia and
even myelosuppression, which tends to be transient and fast
recovered (O’Keefe & Harris, 1990). Vincristine is used for
short onset improvement in platelet count, with high-dose
steroids successfully applied to idiopathic thrombocytopenic
purpura, unresponsive to conventional treatment in humans
(Reynolds et al., 2019). Otherwise, mild thrombocytopenia
was detected in 92% of the animals during treatment at least
once, and an alteration was noticed in other studies with
Braz J Vet Res Anim Sci. 2022;59:e192646
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vincristine therapy in TVT cases TVT (Hantrakul et al.,
2014; Kanca et al., 2018; Kumar et al., 2018).
No significant changes in ALT and ALP concentrations
were observed, indicating the absence of significant liver
injury, corroborating with a study that only a transient increase
in transaminases and rare hepatitis were reported after VS
treatment (Grigorian & O’Brien, 2014). But in a similar study,
a significant increase in liver enzymes was observed using the
same drug, dose, interval, and species, with only a change in
the duration of one more week (Kumar et al., 2018). Kidney
injury was not identified by BUN and creatinine, whose
concentrations remained within reference ranges at all times,
indicating that in the case of a renal lesion, it cannot affect
75% of functional capacity. Otherwise, it would be detected
if creatinine increased (Cianciolo et al., 2016). These results
differ from those of Kumar et al., who identified a significant
increase in urea and a slight increase in creatinine during
chemotherapy of dogs with VS. Results from urine specific
gravity tests present no significant gradual decrease over
time (1046, 1040, and 1037), indicating a normal variation
and ability to concentrate urine in 28 days.
Persistent proteinuria is an important sign of nephron
disease. However, the discrete and intermittent proteinuria
observed in this study could be related to preglomerular
or post-glomerular causes, cardiovascular disease, tubular
injury, and even early glomerular lesion8. As urinary GGT
enzymatic activity is commonly measured in urine to
diagnose nephrotoxic-induced acute renal injury and tubular
cell damage (Smee et al., 2016), concentrations within the
normal range at different times indicate the brush border
integrity of the proximal tubule (Crivellenti et al., 2014).
Measuring SDMA, all animals presented concentrations
within the reference range at T0, indicating the absence of
renal function impairment. However, during the treatment
with vincristine, the individual SDMA concentration
presented an oscillation of up to 6 µg/dL at various times,
with 83.33% of the animals within the reference values; a
higher value than the Kopke et al. (2018) study, where SDMA
critical difference (CD) was determined to be 1.34 µg/dL
in normal dogs. CD represents the difference between two
measurements from the same patient, considering a random
variation rather than a true individual biological change,
and despite the variation, the averages did not change in the
time comparison. SDMA concentration elevation above the
reference was detected in two animals. One dog returned to
normal SDMA value on the next evaluation time, similar
to other animals that oscillated within the reference. This
variation may be due to a renal compensatory mechanism,
in which the kidney uses prostaglandins vasodilatory
action on afferent arterioles, increasing renal perfusion,
and improving blood flow from the cortex to nephrons in

the medullary region (Lucas et al., 2019). Another patient
showed a significant increase in SDMA concentration over
time, characterized by the presence of renal injury without
creatinine increase or urine specific gravity reduction, in
agreement with Abrams-Ogg et al. (2017), who observed
an increase in SDMA concentration with normal creatinine
levels in dogs with lymphoma treated with VS in combination
with other chemotherapeutic agents.
Not all patients exposed to nephrotoxic chemotherapeutic
agents develop kidney injury. One or more of these factors
combine to increase the risk of kidney injury, and the
presence of several factors enhances the risk of nephrotoxicity.
Other factors, including innate drug toxicity, certain host
characteristics, and renal handling of the drug should be
considered, as they may predispose the individual to druginduced kidney injury (Piscitani et al., 2020). Complete
remission of TVT was obtained with VS administered weekly
in dogs with TVT for 28 days.
The results did not identify an alteration in renal function in
serum creatinine or BUN, urine specific gravity, urinary GGT,
and serum SDMA measurement in most cases. However, the
progressive elevation of SDMA was detected in one patient,
and it should be considered that a kidney injury might occur
due to VS treatment. SDMA concentration seemed to be the
earliest indication of kidney problems, although it suffered
an oscillation within the reference range in treated dogs that
require careful interpretation of the results.

Conclusion
The use of vincristine sulfate in dogs with TVT, as a single
agent, for 28 days, proved to be safe for renal function, without
kidney injury or renal filtration alteration detectable in routine
exams, urinary GGT, and serum SDMA measurement, in
most bitches. However, individual factors must be considered,
and an injury can occur observed only by raising the SDMA.
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