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RESUMO.- [Proteínas de fase aguda em cadelas submetidas 
à ovariohisterectomia convencional e minimamente 
invasiva.] O objetivo deste trabalho foi avaliar e comparar o 

efeito inflamatório, por meio da determinação de proteínas de 
fase aguda, produzido por dois protocolos cirúrgicos distintos de 
ovariohisterectomia em cadelas. Para tanto, foram determinadas 
as concentrações de proteína C reativa (CRP) e haptoglobina 
(Hp) de 17 cadelas, sem raça definida, adultas,, sendo nove 
animais submetidos à ovariohisterectomia pela técnica 
convencional por laparotomia e oito a ovariohisterectomia 
pela técnica minimamente invasiva. Para avaliar a resposta de 
fase aguda causada pelo trauma cirúrgico, amostras de sangue 
foram obtidas antes dos procedimentos cirúrgicos e em quatro 
momentos distintos após as cirurgias (24, 48 horas e sete 
dias) para as dosagens de CRP e Hp, com kit comercial ELISA 
e via ensaio de ligação com a hemoglobina, respectivamente, 
validados para o uso em cães. Como não houve distribuição 
normal dos dados, utilizou-se o teste de Kruskall-Wallis 
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para comparação das variáveis quantitativas entre os dois 
grupos. Os testes de Friedman e One-way ANOVA foram 
usados para comparações múltiplas entre os momentos 
avaliados, sendo considerado P<0,05 como significante. Houve 
diferença significativa (P<0,0001) para as concentrações de 
CRP 24 horas após o procedimento cirúrgico entre os dois 
protocolos utilizados. Não houve diferença significativa 
para as concentrações de Hp entre os dois protocolos 
cirúrgicos. Foram evidenciadas alterações significativas 
para as concentrações de CRP e Hp 24 e 48 horas após as 
ovariohisterectomias, independentemente da técnica cirúrgica 
utilizada. As concentrações de CRP e Hp demonstraram o 
efeito inflamatório imediato induzido pela ovariohisterectomia 
convencional e minimamente invasiva.

TERMOS DE INDEXAÇÃO: Cadelas, ovariohisterectomia, proteína C 
reativa, haptoglobina, cirurgia.

INTRODUCTION
The acute phase response is part of the body’s innate 
defense system (Eckersall & Bell 2010), characterized by 
a systemic reaction caused by local or systemic disorders, 
promoted by infectious agents, trauma, and tissue injury, 
surgeries, neoplastic growth or immunological disorders 
(Ceron et al. 2005, Gruys et al. 2005, Eckersall 2008). During 
the acute phase response, there is increased synthesis 
and release of acute phase proteins (APP), induced by 
pro‑inflammatory cytokines produced mainly by the liver and 
extrahepatic tissues such as adipose tissue, mammary gland 
and lungs. PFAs are classified according to changes in their 
concentrations in positive (C-reactive protein, haptoglobin, 
serum amyloid A) if they increase, or negative (albumin), if 
they decrease their concentrations during the acute phase 
response (Murata et al. 2004, Ceron et al. 2005).

Ovariohysterectomy is one of the most performed 
surgical procedures in companion animals and promotes 
the appearance of pain signals during the postoperative 
period in dogs (Lascelles et al. 1998). To minimize surgical 
trauma, minimally invasive techniques, such as endoscopic 
or laparoscopic surgeries, have been used as they cause less 
inflammatory reaction when compared to conventional surgical 
techniques (Suter et al. 2002, Kjelgaard-Hansen et al. 2013). 
In addition, the response to surgical stress is composed of a 
set of hormonal, metabolic and inflammatory reactions that 
occur after surgery, allowing the body to adapt to trauma and 
to recover damaged tissues (Jacobsen et al. 2009). In order 
to improve the surgical procedure and monitoring of the 
postoperative period, it is necessary to identify markers that 
are useful to evaluate the intensity of the trauma caused by 
the procedure. Recent investigations have demonstrated 
changes in APP concentrations in dogs related to the extent 
and progression of diseases, as well as their the inflammatory 
response in infectious, parasitic, trauma, degenerative 
diseases and neoplastic diseases (Bayramli & Ulutas 2008, 
Koster et al. 2009, Tecles et al. 2009, Méndez et al. 2014, Schmidt 
& Eckersall 2015, Hillström et al. 2016, Schmidt et al. 2016). 
However, although the acute phase response was investigated 
in dogs undergoing elective soft tissue surgeries (Serin & Ulutas 
2010, Kjelgaard-Hansen et al. 2013, Kum et al. 2013), surgical 
correction of obstructive airway syndrome (Planellas et al. 2015), 
nephrectomy (Schmidt et al. 2016), and ovariohysterectomy 

as the treatment of pyometra (Dabrowski et al. 2007, 2009) 
few studies have evaluated the PFA concentrations and 
the acute phase response dynamics in dogs undergoing 
minimally invasive surgical procedures (Mathon et al. 2011, 
Tvarijonaviciute et al. 2011, Kjelgaard-Hansen et al. 2013).

Therefore, the objective of this work is to evaluate and to 
explore possible differences between two conventional and 
minimally invasive ovariohysterectomy protocols in bitches 
regarding the kinetics of the acute protein response of CRP 
(C-reactive protein) and Hp (haptoglobin), comparing the 
effects of inflammation caused by the two procedures in the 
postoperative period.

MATERIALS AND METHODS
The study population comprised of 17 client-owned adult female 
mixed breed dogs (2 to 7 years old; 10±1,2kg), admitted to the São 
Paulo State University Veterinary Teaching Hospital of the Faculty 
of Veterinary Medicine and Animal Science (FVMZ) for elective 
ovariohysterectomy. Inclusion criteria included the availability of 
complete clinical records as part of the routine care and ultrasound 
evaluation discarding pregnancy. The stage of oestrus cycle was not 
determined. The dogs included in the study showed no abnormal 
findings on physical and clinical examination or any other considerable 
change in hemograms, alanine aminotransferase activity, total serum 
protein, albumin, and fibrinogen. This approach was approved by 
the Faculty’s Animal Experimentation Ethics Committee of the São 
Paulo State University, FMVZ-Unesp, Campus Botucatu (protocol 
number 194/2011-CEUA) with the consent form signed by the 
owners under the same protocol.

The animals were fasted (food and water) for 12 hours before 
the surgical procedure. All bitches received meloxican (0.2mg/kg, 
Maxicam 0.2%, Ourofino, Brazil) pre-surgery, 15  minutes before 
induction of anesthesia. At the same time, the preanesthetic 
medication used was the combination of acepromazine maleate 
(0.05mg/kg; Acepran 0.2%, Vetnil, Brazil) and morphine (0.5mg/
kg; Dimorf, Cristalia, Brazil) via intramuscular. For anesthesia 
induction, the combination of ketamine (10mg/kg; Quetamina, 
Vetnil, Brazil) and diazepam (0.5mg/kg, Valium, Roche, Brazil) 
were used intravenously. The  anesthetic protocol employed was 
adequate for performing the surgical procedure and lasted from 20 
to 30 minutes, with no need for anesthetic complementation. After 
the surgical procedure, the animals received intravenous penicillin 
benzathine (24,000 IU, Veterinary Pentabiotic, Fort Dodge, Brazil) 
as a routine prophylactic measure.

The dogs were divided into two experimental groups. Group 1 
(G1): 9 animals, submitted to ovariohysterectomy by the conventional 
technique. Group 2 (G2): 8 animals, submitted to ovariohysterectomy 
by the minimally invasive technique. The conventional technique 
was performed by laparotomy. After the procedures of trichotomy 
and asepsis of the abdominal region, a ventral midline incision was 
performed over the skin, subcutaneous tissue and the linea alba. 
Then the uterus was exposed and the ligatures of the ovarian pedicles 
and uterine body were performed with mononylon 2-0 yarn. Once 
the uterus and ovaries were removed, abdominal wall synthesis was 
performed with Sultan-type suture, and subcutaneous tissue using 
a simple continuous pattern of absorbable sutures and the skin was 
closed in a simple interrupted pattern. The stitches were removed 
seven days after the surgical procedure (Stone 2007).

For the minimally invasive technique, the animals were placed 
in dorsal decubitus position. After the trichotomy and asepsis of 
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the region of the abdomen, a midline skin incision of about two 
centimeters was performed caudal to the umbilical scar. Then the linea 
alba was incised and the abdominal cavity was accessed. The uterine 
horns and the ovarian pedicles were pulled into a midline portal 
with the aid of a spay hook and the ovarian ligament dissected, thus 
pulling the ovaries and ovarian pedicles which were ligated with 
a self-static nylon cable tie. Subsequently, the uterine horns were 
pulled into the midline incision and the cervix was ligated using 
the same nylon cable tie. Abdominal wall synthesis was performed 
with Sultan‑type suture, and subcutaneous tissue using a simple 
continuous pattern of absorbable sutures and the skin was closed 
in a simple interrupted pattern as described by Silva et al. (2004) 
and Lima et al. (2010). All surgical procedures of G1 and G2 were 
performed by a single surgeon, but a different person for each group.

Blood samples were obtained by jugular vein puncture 24h 
preoperatively (M1) and at three time points postsurgery, i.e. 24h 
(M2), 48h (M3), and on day 7 after surgery (M4). Aliquots of the 
samples (3mL) were placed in plain tubes with gel separators 
(BD  Vacutainer Blood Collection Tube; Becton, Dickinson and 
Company, USA) were allowed to clot at room temperature, centrifuged 
(1,500×g for 5 min) and the harvest sera were stored in Eppendorf 
microtubes (Eppendorf, Hamburg, Germany), stored at -20°C with 
CRP and haptoglobin analyses performed within six months.

Serum CRP concentrations were determined by a commercial 
ELISA kit (cCRP; Avacta, York, UK) based on a previous assay validated 
for use in dogs (Eckersall et al. 1989). Serum HP concentrations were 
measured via a hemoglobin binding assay previously validated for 
use in dogs (Crawford et al. 2013). These assays showed a within 
run imprecision of less than 10%.

All statistics were performed using statistical software (GraphPad 
Version 6 for Windows, GraphPad Software Inc., San Diego/CA, 
USA). All variables were first assessed for normality using the 
Shapiro-Wilk test. The nonparametric Kruskal-Wallis test was used 
to compare the groups and One-way ANOVA and Friedman test was 
used for multiple comparisons between groups as the data was not 
normally distributed. Mann-Whitney U test was used for additional 
comparisons between groups. Statistical significance was set at 
P<0.05 for all analyses.

RESULTS
The preanesthetic and anesthetic protocols were adequate 
to perform the surgical procedures in both groups. Surgical 
procedures ranged from 20-30 minutes in G1 and 15-20 minutes 
in G2. There were no intercurrences or complication in all 
performed surgeries, regardless of the technique employed, 
until the stitches were removed.

Haptoglobin and CRP concentrations from all dogs of G1 and 
G2 are presented in Table 1. C-reactive protein concentration 
was significantly higher (P<0.0001) at 24h after the surgical 
procedures for both ovariohysterectomy techniques. There 
were no significant differences for Hp between both surgical 
protocols. The median concentrations of CRP were significantly 
higher when comparing 24 and 48h after surgery to before 
minimally invasive and conventional ovariohysterectomy. 
In our study, the median haptoglobin concentrations were 
significantly higher 48h after conventional ovariohysterectomy 
and at 24 and 48h after the minimally invasive surgery.

Significant differences for G1 and G2 were not observed 
for CRP and Hp on day 7 after surgeries (Table 1).

DISCUSSION
CRP is the major acute phase protein in dogs and also a 
consistent marker of inflammation in this species, stimulated 
by the inflammatory response increasing up to 10- to 100-fold 
(Ceron et al. 2005, Eckersall 2008). Haptoglobin is considered 
a moderate acute phase protein in dogs and has also been used 
as a nonspecific biomarker of inflammation, but there is an APP 
pattern that has been described in dogs with hyperadrenocorticism 
(McGrotty et al. 2003, Caldin et al. 2009) and in dogs infected 
by the giant kidney worm (Dioctophyme renale) (Schmidt et al. 
2016), with increased Hp concentration indicating a stress 
response due to increased endogenous cortisol concentration 
(Caldin et al. 2009).

The acute phase response observed in the dogs of this 
study consisted of increased CRP and Hp serum concentrations 
after ovariohysterectomy. These increases are related to 
the inflammatory response induced by pro-inflammatory 
cytokines interleukin-1, interleukin-6 and alpha tumor 
necrosis factor, which stimulate synthesis and release of 
APP by the liver (Gruys et al. 2005, Eckersall 2008). In our 
study, these results could evidence an acute inflammatory 
response as the median concentrations of CRP and Hp were 
above the reference intervals for dogs (CRP <12µg/mL, Hp<3 
g/L) (Eckersall et al. 1999, Ceron et al. 2005), from 24 hours 
after the surgical procedure, similarly to those described 
previously for acute phase proteins after surgical trauma 
in dogs (Conner et al. 1988, Dabrowski  et  al. 2007, 2009, 
Tvarijonaviciute et al. 2011, Kjelgaard-Hansen et al. 2013, 
Schmidt et al. 2016).

The increased CRP concentrations at M2 found in dogs after 
conventional and minimally invasive ovariohysterectomy could 
reflect the systemic reaction of the surgical trauma. Bitches 
subjected to ovariohysterectomy by laparotomy demonstrated 
a cumulative increased CRP concentration postsurgery, peaking 
at 12h after the surgical procedure indicating that this could 
be the appropriate time point to evaluate the inflammatory 
impact of surgical trauma (Kjelgaard‑Hansen  et  al. 2013). 
This response was also expected in our study; however, despite 

Table 1. Median and range (minimum - maximum) of 
CRP (µg/mL) and Hp (g/L) concentrations in female dogs 
subjected to conventional (n=9) and minimally invasive 
ovariohysterectomy (n=8) at four different time points

CRP (µg/mL) Hp (g/L)
G1 G2 G1 G2

Before 
surgery

5Aa
(5 - 5.8)

5.4Aa
(5 - 10)

1.3a
(0.1 - 2.4)

1.0a
(0.7 - 2.8)

24h after 
surgery

71.7Ab
(26.1 - 94.7)

31.1Bb
(12 - 57.3)

1.8ab
(0.5 - 6.8)

4.7b
(2.2 - 6.6)

48h after 
surgery

26.1Aab
(18.6 - 56.2)

16.8Aab
(5 - 31.1)

3.3b
(0.5 - 9.4)

4.7b
(1.9 - 7.9)

7 days 
after 
surgery

10.5Aa
(5 - 22.7)

9.9Aa
(5 - 24)

2.0ab
(0.2 - 6.9)

1.7a
(0 - 3)

P value <0.0001 <0.0001 <0.0072 <0.0002
G1 = Conventional ovariohysterectomy, G2 = minimally invasive 
ovariohysterectomy. Different capital letters in the same line indicate 
significant difference between surgical protocols, lowercase letters in the 
same column indicate significant difference between time points.
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increased CRP at 24h postsurgery, this result indicates a 
limitation of our investigation as it was not possible to obtain 
serum samples at the immediate postsurgical time points, i.e. 
at 4, 8, and 12h, as described by Kjelgaard-Hansen et al. (2013).

Conner et al. (1988), Dabrowski et al. (2009), and Kum et al. 
(2013) demonstrated that CRP concentration reaches a 
peak at 24h after the surgical trauma and there is a rapid 
decrease of CRP in the absence of postoperative complications. 
However, there was a different inflammatory response in 
bitches subjected to ovariohysterectomy by laparotomy with 
increased CRP concentrations from 24h until day 7 after 
surgery, demonstrating that although there could have been 
a decrease in inflammation, CRP remained increased (Serin & 
Ulutas 2010). No changes were observed in CRP concentration 
on day 7 postsurgery of the female dogs evaluated in this study. 
Despite the ovariohysterectomy technique, this indicates 
that the recovery from the inflammation associated with the 
surgery was complete.

In our study, no changes were observed for Hp concentrations 
between both surgical protocols. However, a hypothesis explaining 
why dogs subjected to conventional ovariohysterectomy 
present decreased serum Hp concentration at 24 and 48h 
post-surgery compared to dogs subjected to minimally 
invasive ovariohisterectomy would be that the highest degree 
of hemolysis immediately after surgery (24h) occurs due to 
a larger tissue injury and the decrease in Hp concentration 
could be caused by the monocyte/macrophage Hp-hemoglobin 
receptor expressed on Kupffer cells in the liver and the further 
removal of this complex (Conner et al. 1988, Eckersall 2008).

Haptoglobin is a moderate APP and usually peaks at 24 to 
48h after a surgical trauma (McGrotty et al. 2003, Eckersall 
2008). Haptoglobin concentrations were above reference 
intervals for the bitches (Hp<3g/L) (Eckersall et al. 1999) at 
24h after the minimally invasive ovariohysterectomy as well 
as at 48h for both surgical procedures. These results could 
indicate a mild inflammatory response that could be associated 
with an inflammatory response of lower intensity after the 
initial surgical trauma. Dabrowski et al. (2009) and Serin & 
Ulutas (2010) demonstrated the same inflammatory response 
in bitches subjected to ovariohysterectomy by laparotomy.

Repeated measurements of CRP and Hp were useful in 
monitoring the short-term inflammatory process induced by 
the ovariohysterectomy that was associated with increases 
in serum concentration of both APPs. No further significant 
increases were recorded 7 days after conventional and 
minimally invasive ovariohysterectomy, when recovery from 
the inflammation associated with the surgery was complete.

CONCLUSIONS
Bitches were subjected to conventional and minimally 

invasive ovariohysterectomy that contributes towards an 
understanding of the postsurgical inflammatory response 
in dogs subjected to elective ovariohysterectomy.

Both surgical procedures increased CRP and Hp concentrations 
at different time points due to surgical trauma, demonstrating 
the usefulness of determining the concentrations of these 
proteins to monitoring the short-term inflammatory process 
induced by the ovariohysterectomy.
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