
Available online www.ijpras.com 
 

International Journal of Pharmaceutical Research & Allied Sciences, 2019, 8(2):58-70 
 

 

Research Article ISSN : 2277-3657 
CODEN(USA) : IJPRPM 

 

 
 

Comparison of the Effect of Ovariectomy and Ovariohysterctomy on Some 
Immunity Responses in Dogs 

Siyavash Jahani1, Ali Baniadam1*, Hadi Imani1, Mohammad Khosravi2, Sad Gooraninejad1 

1Department of Clinical Sciences, Faculty of Veterinary Medicine, Shahid Chamran University of Ahvaz, Ahvaz, 

Iran. 
2 Department of Pathobiology, Faculty of Veterinary Medicine, Shahid Chamran University of Ahvaz, Ahvaz, 

Iran. 

*Email: abaniadam @ gmail.com 
 

ABSTRACT 

Ovariohysterectomy and ovariectomy are commonly used to control the pet population and the health and behavioral 
benefits of dogs and cats. The aim of this study was to evaluate the inherent and humoral immune factors following 
ovariohysterectomy and ovariectomy surgery in female dogs. In this study, 18 female dogs were used. After anesthesia, 
animals received one of the following three treatments randomly: 1- laparotomy (control group) 2- ovariohysterectomy 3- 
ovariectomy. The intrinsic and humoral immunity at baseline, 7, 14, 30 and 60 days after surgery were evaluated. In the 
control group, up to the 7th day of the study, serum myeloperoxidase and bactericidal activity increased, lysozyme and 
complement activity decreased, and constant antitrypsin activity was observed. Ovariohysterectomy and / or ovariectomy 
have led to a change in the pattern of variation in the experimental group. Except for antitrypsin, the change in the other 
factors compared to the control group was milder or less; there was a significant difference in the activity of the 
complement, myeloperoxidase and lysozyme activity compared to the control group. The total amount of immunoglobulins in 
the blood, the level of anti-salmonella antigen and anti-sheep red blood cell antibody in the experimental groups was 
decreased in comparison to the control on day 7. Although ovariohysterectomy and ovariectomy resulted in a weaker 
immune response than the control group, there was no significant difference between the two groups. 
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INTRODUCTION 
 

Ovariohysterctomy is commonly used to control the population of pets and the health and behavioral benefits in 
dogs and cats [1]. It has been shown that animal sterilization reduces reproductive system problems, such as 
mammary tumors [2] and pyometra [3]. Recent studies have shown that sterilization may cause health 
impairment, including changes in the incidence of cancer, orthopedic problems, and immune system impairment 
[2-5]. For example, it has been shown that the probability of transcranial cell carcinoma (TCC) in bladder 
increases by three times after the sterilization surgery. Moreover, hegemon sarcoma, osteosarcoma and 
lymphosarcoma have been high in sterilized animals than those in non-sterilized animals [2]. It has been stated 
that sterilization may be associated with immunosuppression-related diseases such as myasthenia gravis [6, 7] 
and immune-mediated hemolytic anemia [8]. Female dogs can be sterilized using ovariohysterctomy or 
ovariectomy methods. Although ovariohysterctomy is still used as a common method for sterilizing female 
dogs, ovariectomy has some advantages such as smaller cutting, better observation of the ovarian base and less 
risk of complications caused by the manipulation of the uterus surgery [1]. The immune system in humans and 
animals includes both central (primary) and peripheral (secondary) immune organs plus circulating cells in the 
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blood [9]. The immune system is known to be very sensitive to changes in the body and general health [10]. The 
immune system of dogs might also show a different response to ovariohysterctomy and ovariectomy. Based on 
the authors' knowledge, no study has been conducted so far to examine and compare the effect of 
ovariohysterctomy and ovariectomy on the immune function of dogs. Thus, the present study was conducted 
with the aim of evaluating some intrinsic and humoral immune factors following ovariohysterctomy and 
ovariectomy in female dogs. 

MATERIAL AND METHODS  

In the present study, 18 female dogs with the mean age of 1.5-2.5 years based on dental evaluation having the 
same weight were used. Animals' health status was confirmed by the clinical examination and CBC and TP 
measurements. During the study, animals had access to water and food twice per day. 12-hour food abstinence 
and 2-hour water abstinence were applied to each animal before the study. It should be noted that all of the 
surgeries took place in the anestrus period. To evaluate the estrus cycle, smear was prepared from all groups 
before the study. After transferring dogs to the study site, animals were given 30 minutes to be adapted to the 
environment. Animals received acepromazine (0.1 mg / kg) and morphine (0.4 mg / kg) in a single syringe in 
the left leg hamstring muscles. Thirty minutes after the sedative injection, the animals were transferred to the 
table, and the vein of the left and right hands was catheterized. Then, 100% oxygen was placed on the animal 
for 5 minutes with a mask. Anesthesia was induced with propofol (6 mg / kg). After the induction of anesthesia, 
the trachea of animals was intubated and connected into oxygen. Anesthesia was maintained with propofol (0.3 
mg / kg). The animals were placed in the supine position, and the surgery site was prepared. The animals were 
randomly assigned to one of the following three treatments: 

1. Laparoscopic surgery including opening the abdominal area and closing it (Control) 
2. Ovariohysterctomy including ligaturing ovarian bases and the uterus body (OHE) 
3. Ovariectomy including ligaturing ovarian from both sides and removing them (OVE) 

All surgeries were performed by a single person. The Fossum (2013) method was used in ovariohysterctomy 
and ovariectomy surgeries [11]. The animals received normal saline (10mg / kgh) throughout the surgery 
intravenously, and received 100% oxygen through a tracheal tube. The heart rate, respiratory rate, anal 
temperature of the animals were measured and recorded before anesthesia induction, during the anesthesia, and 
during the recovery. Moreover, the dose of anesthetic drug administrated, and the duration of anesthesia and 
surgery was recorded. After the surgery, all dogs received cefazolin (22 mg / kg) and tramadol (mg / kg 1) for 3 
days. 
Evaluation of immune system activity 
The level of intrinsic and humoral immune activity was evaluated at baseline, 7, 14, 30 and 60 days after the 
surgery. 
Intrinsic immunity evaluation 
Serum bactericide 
First, E. coli and Staphylococcus aureus bacteria were cultured in TSA medium, and the plates were placed in a 
37 ° C incubator. After observing that the bacteria were grown, the colonies of each plate were removed with 
sterilized needle and mixed with sterile PBS, and its turbidity was brought to 1 McFarland. Then, in a 96-well 
plate, 25 μl of sterile PBS was added to all wells, and 25 μl of active and inactive serums were added to each of 
the wells so that active serums were poured to one column, and the inactive serums were poured in the adjunct 
column at the same time (to deactivate the serums, they were placed in Ben Murray at 56 ° C for 30 minutes). 
This procedure was done for all active and inactive serums at any time, and finally, 50 μl of bacterium diluted 
with sterile PBS was added to all the wells.  The plate was kept in an incubator at 37 ° C for 90 minutes. Then, 
50 μl of TSB medium was added to all of the wells, and their light absorption was read at 600 nm. The plate was 
placed in an incubator at 37 ° C for 4 hours, and then, the light absorption was read at 600 nm. It should be 
noted that several wells were considered as controls. In two wells, 50 μl of PBS and 50 μl of Escherichia coli 
and Staphylococcus aureus were added, and 50 μl of PBS and 50 μl of TSB medium were added to the other 
wells. Finally, 50 μl of PBS, 50 μl of TSB medium and 50 μl of the mentioned were added to two wells. The 
serum bactericidal activity in the studied groups was calculated by comparing the differences in the light 
absorption measured in active and inactive sera, and the results were interpreted according to the level of 
bacteria growth inhibition. 
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Evaluating the complement secondary pathway activity 
In order to evaluate the complement pathway activity, 50 μl of active and inactive serums were poured in sterile 
microtubules separately at different times. Then, 350 μl of PBS containing Ca2 + and Mg2 + were poured into 
each micro-tube, and finally, 100 μl of Rabbit rinsed red blood cell 5% was added to each micro-tube, and the 
micro-tubes were placed in an incubator at 37 C for 45 minutes. Then, micro-tubes were centrifuged at 3000 
rpm for 5 minutes, and 100 μl of supernatant fluid of each microtube was collected and poured into a 96-well 
micro-plate plate so that the active serum was poured into one column of a specific time, and the inactive serum 
was poured into an adjunct column at the same time. This was done for all serums and at all times, and finally, 
the light absorption was read at wavelength of 450 nm. Standard samples were prepared by adding 0, 25, 50, 75 
and 100 μl of rabbit degraded red blood cells and brining the volume to 100 μl using PBS. The percentage of 
degradation of red blood cells in each sample was calculated in comparison with the light absorption of the 
standard samples. 
Evaluating the complement classic pathway activity  
The inactive serum of rabbits immunized with sheep red blood was kept at a concentration of 25% with red 
blood cell 10% of an adjacent sheep for 24 hours at 4 ° C.  Then, it was rinsed with PBS and its supernatant was 
removed. 25 μl of active serum plus 375 μl of complement buffer as well as 100 μl of sheep red blood cells 5% 
were poured into microtube and placed in the incubator at 37 C for 45 minutes. Then, it was centrifuged for 5 
minutes with 3000 rpm, and 100 μl of the supernatant of each serum was collected and poured into 96-well plate 
of ELISA. Finally, the light absorption of the samples was read at 490 nm. Standard samples were prepared by 
adding 0, 25, 50, 75 and 100 μl of the sheep degraded red blood cells and bringing the volume to 100 μl using 
PBS. The rate of the degradation of the red blood cells in each sample was calculated in comparison with the 
light absorption of standard samples. 
Evaluation of lysozyme activity 
20 μl of serum samples were poured into a 96-well plate so that the active serum was poured in a column at a 
specific time, and the inactive serums were poured into adjunct column at the same time. Then, 80 μl of 
Micrococcus lysodicaccus + sodium acetate buffer (pH =6) was added to the wells, and in wells of the column, 
as control, only 100 μl of the mixture of bacterium and lysozyme buffer was added, and finally, light absorption 
of the samples was read after 5 minutes at 490 nm. The activity level of lysozyme was calculated as a unit of 
activity in each minute per one milliliter of serum [12]. 
Evaluation of myeloperoxidase activity  
15 μl serum was mixed with 135 μL of HBSS buffer and 25 μl of TMB 20 mM + 25 μl of H2O2 20 mM was 
added to the microtubule, and after 2 minutes, 50 μl of H2SO4 (4 M) was added to the contents of the micro-
tubes, and then, the micro-tubes were centrifuged (5 min with 8000 rpm). Finally, 100 μl of the light absorption 
of the supernatant was read at 450 nm [13]. 
Evaluation of antitrypsin activity 
10 μl of serum was added to 100 μl of Tris-HCl solution (100 μl of 50 mM pH 8.2) containing 20 g of trypsin. 
In the serum control sample, 10 μl of serum was added to 100 μl of Tris-HCl solution, and the positive control 
sample included Tris-HCl solution containing 20 g trypsin without serum. The samples were brought to 200 μl 
by adding Tris-HCl and placed at room temperature for one hour. Then, 2 ml of BAPNA (Na-benzoyl-DL-
arginine-p-nitroanilide HCl) substrate at concentration of 0.1 mM in Tris-HCl and 20 mM calcium chloride 
were added to all samples.  After 15 minutes, the reaction was stopped by adding 500 μl of acetic acid 30%, and 
the light absorption was measured at the wavelength of 405 nm. The percentage of trypsin inhibition was 
calculated by calculating the differences between the wavelengths of the serum-free positive control samples. 
Evaluation of humoral immunity 
In this study, the total antibody level was evaluated by zinc sulfate sedimentation method, and the antibody level 
in response to subcutaneous administration of sheep red blood cell (10%), bovine serum albumin (1 mg / kg), 
and killed Salmonella typhimurium bacterium. One milliliter of antigen in sterile solution of NaCl 0.15 mol/L 
was administrated 5 days before the anesthesia. Blood sampling was performed to evaluate the level of 
produced antibodies relative to the injectable antigens by hemagglutination and microagglutination method.  
Measurement of total serum immunoglobulin 
Zinc sulfate sedimentation method was used in this regard. First, 0.7 millimolar of buffer of zinc sulfate was 
prepared, and pH was set on 5.8. Then, 12.5 μl of the serums at times of zero, 5 days, and 10 days after the 
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surgery were poured separately in sterile micro-tubes and 850 μl of zinc sulfate was added to each micro-tube 
and mixed well. After placing at room temperature for 2 hours, 100 μl of the above solution was poured into a 
96-well plate, and the light absorption was read at a wavelength of 600 nm [14]. 
Evaluation of anti-salmonella antibody level 
First, 50 μl of PBS containing 0.05% phenol was added to each of the feeds wells (in the first row of the plate, 
75 μl of PBS was added instead of 50 μl), and then, 25 μl of serum was poured into the first well, and the 
dilution was done and the serum was not added to the wells of the last row. Then, 50 μl of antigen (Salmonella 
typhimurium bacterium) was added to all wells. The bacterium was deactivated before at 95 ° C Ben Murray for 
one hour, and the antigen concentration was brought to similar turbidity of the standard McFarland standard 4. 
Then, the plates were placed at 37 ° C incubator for 24 hours, and the results were read. 
Evaluation of anti-red blood cell antibody level 
First, 50 μl of PBS was added to all of the wells (in the first row of the plate, 75 μl of PBS was added instead of 
50 μl). Then, 25 μl of the serum was poured into the first well, the dilution was performed and the serum was 
not added to the last row wells. Then, 50 μl of the sheep red blood cells (1%) was added. Then, the plates were 
placed at room temperature for 2 hours, and finally, the results were read. 
Statistical analysis 
The statistical analysis of the present study was performed using SPSS24 software. The normal distribution of 
the data was checked by Kolmogorov-Smirnov test. All data were presented as mean ± standard deviation. The 
independent Sample t-test was used for the inter-group comparisons, and the repeated measure for ANOVA and 
Bonferroni post hoc test were used for the intra-group comparisons. The significance level of the data was 
considered as p <0.05. 

RESULTS 

Evaluation of immune system activity, Intrinsic immunity, Serum bactericide 
The evaluation of the serum bactericidal activity against Escherichia coli showed its high level on the days 7 and 
14 after the surgery in OHE group compared to that in OVE group (p <0.05). Chart 1 shows the serum 
bactericidal activity changes against Escherichia coli. 

 

 
Chart 1: Changes in serum bactericidal activity against E. coli in OHE, OVE and Control groups 

(OHE Group: ovariohysterctomy group, OVE Group: ovariectomy group, Control Unit: only Surgery) 
 § significant differences in OHE group compared to OVE group 

The evaluation of changes in serum bactericidal activity against Staphylococcus aureus did not show any 
significant differences among the three groups (p>0.050. Chart 2 shows the serum bactericidal activity against 
Staphylococcus aureus. 
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Chart 2- Changes in serum bactericidal activity against Staphylococcus aureus among three groups of HOE, 

OVE, and Control 
(OHE Group: Ovariohysterctomy group, OVE Group: Ovariectomy group, Control group: only surgery). 

Evaluation of complement system activity 
In the secondary pathway, an increase was seen in the complement activity by the day 7, then, the reduction was 
seen in this activity in the test groups. 
In the classic pathway, the complement activity remained fixed by the day 7 in the test groups, but it was 
reduced in the control group. The highest reduction in this activity was observed between days 14 and 30 after 
the surgery. Both secondary and classic pathways showed reduction in complement activity after the day 7. The 
classic pathway and to some extent, the secondary pathway showed a normal activity after the day 30. 
Secondary pathway 
The evaluation of the complement system secondary pathway activity showed that its values were lower in the 
OHE and OVE groups compared to those in the control group on days 14 and 30 after the surgery (p <0.05). 
Moreover, the level of complement activity on day 60 in the control group was significantly higher than that in 
OHE group (p <0.05). Chart 3 shows the changes in the activity of the complement system’s secondary 
pathway. 

 

 
Chart 3: Changes in the activity of the complement system’s secondary pathway in three groups of OHE, OVE 

and Control 
(OHE Group: ovariohysterctomy group, OVE Group: ovariectomy group, Control group: only surgery). 
 *significant difference between OHE and OVE groups 
 †Significant difference between the control group and OVE group 
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Evaluation of the activity in classic pathway of the complement system 
The evaluation of the classic pathway of the complement system showed that its values were in the OHE and 
OVE groups compared to those in the control group on day 14 after the surgery (p <0.05). Chart 4 shows the 
changes in the activity of classic pathways of the complement system. 

 

 
Chart 4: Changes in the activity of the complement system’s classic pathway in three groups of OHE, OVE and 

Control 
(OHE Group: Ovariohysterctomy group, OVE Group: Ovariectomy group, Control group: only surgery). 
 *significant difference between OHE and OVE groups 

Lysozyme enzyme activity 
The evaluation of lysozyme activity showed a significant increase in its value at day 7 after the surgery in the 
OHE and OVE groups compared to than in the control group (p <0.05). Chart 5 shows the changes in lysozyme 
activity. Both Ovariectomy and Ovariohysterctomy groups remained unchanged until the day 7, but Lysozyme 
enzyme activity was reduced sharply until the day 14 in Ovariectomy group, and its value was normalized in 
Ovariohysterctomy group until the day 30. 

 

 
Chart 5: changes in activity of Lysozyme enzyme in three groups of OHE, OVE and Control 

(OHE Group: ovariohysterctomy group, OVE Group: ovariectomy group, Control group: only surgery). 
 *significant difference between OHE and OVE groups 

Myeloperoxidase enzyme activity 
The evaluation of myeloperoxidase activity showed that its value was higher in the control group compared to 
that in the OHE and OVE groups at the day 7 after the surgery (p <0.05). Chart 6 shows the changes in the level 
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of myeloperoxidase activity. Myeloperoxidase  was increased in all 3 groups until the day 7. Then, its value was 
reduced in ovariectomy, and its value was normalized in ovariohysterctomy up to 60 days. A reduction of 7 to 
14 was seen in them.  

 
Chart 6: Changes in the activity of Myeloperoxidase enzyme in three groups of OHE, OVE and Control 

(OHE Group: Ovariohysterctomy group, OVE Group: Ovariectomy group, Control group: only surgery). 
 *significant difference between OHE and OVE groups 

Evaluation of antitrypsin activity 
The evaluation of antitrypsin activity showed a significant reduction in OHE group on day 7 after the surgery 
compared to that in the control and OVE groups (p <0.05). Figure 7 shows the changes in the activity of 
antitrypsin. The antitrypsin remained unchanged in the control group, reduced sharply in ovariohysterctomy 
group up to the day 7, and it was normalized up to the day 30. Its value increased up to the day 7 , and it was 
normalized up to the day 60 in the ovariectomy group (Chart 7).  
  

 
Chart 7: Changes in the activity of antitrypsin in three groups of OHE, OVE and Control 

(OHE Group: ovariohysterctomy group, OVE Group: ovariectomy group, Control group: only surgery). 
 ‡A significant difference between OVE and control groups 

Humoral immunity 
Total serum immunoglobulin level 
Comparison of the total serum immunoglobulin levels showed its higher values on day 7 after the surgery in the 
control group than that in the other two groups (p <0.05). Chart 8 shows the changes in the total serum 
immunoglobulin levels. 
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Chart 8: Changes in the total serum immunoglobulin level in three groups of OHE, OVE and Control 

(OHE Group: Ovariohysterctomy group, OVE Group: Ovariectomy group, Control group: only surgery). 
* A significant difference between OVE and OHE groups 

Micro-agglutination 
Anti-salmonella antibody level 
The comparison of anti-Salmonella anti-body level did not show any significant differences between the two 
groups and within each group (p <0.05). Chart 9 shows the changes of anti-Salmonella antibody levels. Anti-
Salmonella increased in ovariectomy and control groups up to the day 7, and this increase was higher in the 
control group than that in Ovariectomy group. Anti-Salmonella level became zero up to the day 30. In the 
ovariohysterctomy, there was no response to Salmonella injection. 

 
Chart 9: Changes in anti-salmonella antibody level in three groups of OHE, OVE and Control 

(OHE Group: Ovariohysterctomy group, OVE Group: Ovariectomy group, Control group: Only surgery). 

Sheep anti-red blood cells antibody level 
The comparison of the sheep anti-red blood cells antibody levels showed that its value was higher in the control 
group on day 14 after the surgery than that in OHE and OVE groups (p <0.05). Chart 10 shows the changes in 
the level of sheep anti-red blood cells antibody. The anti-red blood cell level did not change until the day 7. 
During the days between 7 and 14, its level was more in the control group than that in the other two groups. 
Then, its level was reduced up to the day 60. After day 60, its level reached zero. This response was similar in 
both Ovariohysterctomy and Ovariectomy groups. 
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Chart 10: Changes in sheep anti-red blood cells antibody level in three groups of OHE, OVE and Control 

(OHE Group: Ovariohysterctomy group, OVE Group: Ovariectomy group, Control group: only surgery). 
* A significant difference between OVE and OHE groups 

DISCUSSION 

The stimulation of the cellular and humoral immune responses following the infection and vaccination in 
women is more than men. Moreover, the rate of most autoimmune diseases in women is more than that of men, 
which its severity decreases during pregnancy. The reason for this difference is the significant effect of estrogen 
and progesterone hormones on inherent and acquired immune responses [15]. Various observations have proved 
that sex hormones can affect the immune system. For example, it can be referred to the increased autoimmune 
diseases in the female population, thymus hypertrophy after ovariectomy, or the suppression of cellular and 
mitochondrial responses during pregnancy [16]. Ovaries produce three groups of sex steroids, including 
estrogen, progesterone and androgen. 
Previous studies have emphasized on the effects of sex hormones on specific immune responses, while the 
current evidence was based on the role of estrogens and testosterone in the production of antibodies which 
reflected an increase in the production of antibodies through estrogen and its reduction through progesterone 
which can be due to the effect of non-specific immune responses in various reproductive processes such as 
ovulation. In fact, ovaries can influence the nonspecific immune responses by affecting the number and function 
of monocytes, granulocytes, and NK cells [17].   
Estrogen affected the immune system by affecting estrogen receptors or non-receptor-dependent mechanisms.  It 
left different immune effects on different tissues. It sometimes increased the immunity, and sometimes reduced 
the immunity. The prevention of the expression of TNFα gene has been observed in T-helper lymphocytes, 
macrophages and dendritic cells. NFKB stimulation by estrogen led to the expression of inflammatory cytokines 
such as IL1, IL10 and IFNy [18]. Both pre-inflammatory and anti-inflammatory effects were observed in 
different organs under the effect of estradiol administration.  The increased myeloperoxidase, interleukin-8 and 
TNFα, and respiratory burst have been observed in the estradiol administration. An increase in the derivatives of 
free oxygen radicals caused the imbalance of protease-antiproterase [19]. Ovariectomy in rats led to an increase 
in prostaglandins and inflammatory responses 42 days after the surgery [20]. 
In this study, the bactericidal pattern of the control group was similar to that of Escherichia coli and 
Staphylococcus aureus bacteria. The ovariohysterctomy group showed increasing pattern since day 7, but this 
trend was decreased for ovariectomy group.  Moreover, on days 7 and 14, the bactericidal activity against the 
Escherichia coli bacterium in ovariohysterctomy group was significantly more than that of ovariectomy group. 
However, this difference was not observed compared to Staphylococcus aureus. The reduced bactericidal 
activity in the ovariectomy group compared to Gram-negative bacteria with a relatively better status of this 
group was not consistent with the intrinsic immunity factors. The differences in the activity of the other intrinsic 
immunity components affected the gram-negative bacteria, including peptides with antibacterial activity such as 
defensin, clectin, and pentaxin which might be effective in this regard. 
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Moreover, the differences in the activity of proteins carrying heavy metal carriers such as ceruloplasmin, 
hemopexin and the differences in the free salts required for the bacterial growth can be considered as the other 
potential reasons in this regard. In previous studies, despite the increased expression of some macrophage-
dependent genes, such as CD68 and CD11b, in rats which underwent ovariectomy, the reduced expression of 
genes such as aromatase and semaphorin 3A was observed [21]. In this regard, the development of an 
experimental chlamydial infection in the uterus of rats and the administration of estrogen, progesterone, or a 
combination of them showed that progesterone increased and estrogen reduced the sensitivity of the chlamydial 
infection in uterine of the rats [22]. In investigating the complement activity, the activity of the secondary 
pathway increased, and the activity of the classic pathway was reduced up to day 30 in the control group, and a 
small change was seen in the activities in the test groups.  
The role of the inflammatory hormones and the elimination of the effect of sex hormones in increasing factors 
affecting the classic pathway (C1, C4 and C2) can be considered as reasons for a higher level of these 
components in the ovariohysterctomy and ovariectomy groups. The highest activity in secondary pathway of the 
complement system was seen in the day 7 after the surgery in the ovariectomy group. In accordance with this 
result, an increase in the expression of the genes involved in the secondary pathway of the complement system, 
including C3, Factor B and properdin was reported in rats which underwent ovariectomy [21]. Lysozyme 
reduction in the control group in the studied time period can be attributed to the surgery-induced inflammation, 
and the higher levels of this enzyme in the ovariohysterctomy and ovariectomy groups can be attributed to the 
elimination of the inhibitory role of sex hormones in the production of this enzyme by blood leukocytes. The 
proximity of serum antitrypsin values in the ovariectomy group and the control group can be attributed to the 
better health of these animals compared to the hysterectomy group. The lowest change in myeloperoxidase 
activity was observed in the ovariohysterctomy group, and the highest change was observed in the ovariectomy 
group. The lower level of estradiol H2O2 reduced the activity of myeloperoxidase, but in the cases where H2O2 
level was high, this trend was reversed [23]. In other studies, the administration of high levels of estradiol 
cypionate in sterilized male caws had no significant effect on the absolute and relative number of leukocytes, 
function of neutrophils, blastogenesis of lymphocytes, or blood cortisol. 
In addition, the administration of high doses of progesterone in these cows significantly increased the migration 
of neutrophils, and reduced the activity of the myeloperoxidase -dependent antimicrobial system, but it had no 
effect on blaspogenic response to mitogens or the ability of polymorphonuclear leukocytes to degrade 
Staphylococcus aureus; Superoxide production reduced the NBT salt, and antibody-dependent cell cytotoxic 
activity [24].  In addition, ovariectomy in rats reduced the expression of interleukin -12, TNFα and TLR2 genes 
in the brain phagocytic cells [25]. The reduction of some of the intrinsic immunity factors in the current study 
could be attributed to the reduction in the production of cytokines and intrinsic immune receptors. Comparing 
the total serum immunoglobulin levels showed that its value was higher on day 7 after the surgery in the control 
group. Its level showed a slight reduction in ovariectomy in control groups from day 30 to 60. 
A slight increase in the total antibody acid level of the ovariohysterctomy group was observed from day 14 to 
day 60, indicating the lack of the inhibitory effect of sex hormones and lymphocytes regulating the immune 
system activity.  Increasing corticosteroid hormones caused by stress and inflammation could be attributed to 
the complete suppression of the response to the administration of killed bacterium salmonella typhimurium in 
the ovariohysterctomy and the slight suppression of the ovariectomy group.  Given the role of T lymphocytes in 
humoral immune response to red blood cells injection, the same repression in both groups could be attributed to 
the reduction of anti-SRBC antibody level compared to the control group. In the research conducted by Kuhn et 
al (1991), despite the reduction in anti-RBC antibody in rats undergoing ovariohysterctomy and ovariectomy, 
the response was not significant [26]. The effects of estrogen influenced the maturation of lymphocytes B and T 
[27, 28] and reduced the production of lymphocytes B by reducing the interleukin -7 production by the bone 
marrow stromal cells [28].  
Estrogen increased the cells with CD4 + and CD8- phenotypes, and the ovariectomy shifted this phenotype to 
CD4- and CD8 + [29, 30]. Estrogen also increased TH2 responses, and increased the level of interleukin 4, 5, 
and 10. The reduction in the lymphocyte T-dependent humoral immunity antibody level in response to sheep 
RBC administration might be attributed to the reduction in the level of T-helper lymphocytes in the groups 
undergoing ovariohysterctomy and ovariectomy. Estrogen has been involved in many female reproductive 
activities such as fertility and pregnancy [31]. However, the specific estrogen function in the immunity activities 
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has not been identified [32] and both positive and negative role of estrogen in immunity functions have been 
reported [33-35]. It has been shown that estrogen had a repressive effect on the immunity function [32]. This 
hormone also increased the humoral immunity function and cytokine levels slightly [32]. For example, estrogen 
stimulated B cells and increased the antibody production [36, 37]. Progesterone hormone receptors were 
expressed on lymphocytes during pregnancy [17, 38]. Androgen receptors were found on B and T lymphocytes 
[39, 40]. Androgens increased the response of TH1, and thus, increased interleukin 2 and increased the 
activation of TCD8 + cells [17, 27]. 
Progesterone increased the expression of sticky molecules on leukocytes, and caused a change in the level of 
circulating cells and affected the cell activation [41]. For example, it affected the hormonal levels in different 
phases of the estrous cycle of neutrophils. During the menstrual cycle, the rate of neutrophil decreased, in the 
follicular phase, and the endometrium of the neutrophils increased, and after the ovulation, this increase 
continued [42, 43]. In a review study to compare the surgeries performed in female dogs between 1996 and 
2004, Goethem et al., (2006) stated that ovariohysterctomy, compared to ovariectomy, was associated with more 
complications and time [44]. 
The researchers reported that the possible complications of ovariohysterctomy have been intra-abdominal 
bleeding, ligation, ovarian survival syndrome, and the complications caused by the remains of uterine and sinus 
tract formation. The rate of short-term complications in both surgical procedures was similar. In this study, the 
ovariectomy method was introduced as a selective sterilization method for dogs. DeTora and McCarti (2011) 
also stated that ovariohysterctomy had no superiority to ovariectomy in dogs and cats, and ovariectomy can 
reduce the complications of ovariohysterctomy [1]. Additionally, Peeters and Kirpensteijn (2011) examined the 
short-term complications of ovariohysterctomy and ovariectomy on 40 dogs [45]. No difference was found 
between the two procedures in terms of pain during the surgery and level of the ulcer recovery [45]. 
In this study, surgery led to the changes in inherent immunity activities. In the control group, an increase in the 
activity of myeloperoxidase and serum bactericidal activity, a reduction in lysozyme activity and complement, 
and the lack of change antitrypsin activity were observed up to day 7. These changes could be due to the surgery 
inflammation, the use of some immunity factors, the effect of corticosteroid hormones, and the analgesic and 
sedative and anti-pain drugs, as all the activities were normalized and returned to their initial levels over time 
since day 7 to day 60. However, the level of activity of complement secondary pathway remained more than that 
of zero time, and the level of activity of classic pathway remained less than that of zero time, and the activity of 
complement and myeloperoxidase moved towards the normal level since day 30. The ovariohysterctomy and 
ovariectomy surgeries, in addition to the complications mentioned in the control group, led to the elimination of 
sex hormones.  This case led to the difference in the pattern of changes in the test groups. Except for antitrypsin, 
the changes in the other factors in the test groups, compared to those in the control group were less. A 
significant difference in the activity of complement, myeloperoxidase and lysozyme, compared to the control 
group, was one of the changes. The total count of immunoglobulin in the blood and salmonella and anti-RBC 
antigens in the test groups was reduced in comparison with the control on day 7. In general, the acquired weaker 
immune response and the deviation of the inherent immune responses were some of the cases observed in this 
study. No difference was observed in the effects of ovariohysterctomy and ovariectomy on nonspecific immune 
responses. 
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