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ABSTRACT 

Aims: This study was designed to investigate the effects of bilateral surgical ovariectomy 

on thermoregulation and blood constituents in adult Nubian goats.  

Materials and Methods: Twenty female goats were randomly assigned into 2 groups, 

group A served as control and group B was subjected to bilateral ovariectomy (OVX) by 

standard surgical method and monitored for 4 weeks. The effect of OVX on rectal 

temperature (Tr), respiratory rate (RR), heart rate (HR), body weight (BW) and blood 

components were investigated. The data were analyzed using an independent sample T-test. 

Results: In OVX group, both Tr and RR decreased during the experimental period. Tr 

decreased (p<0.05) at week 4 and (HR) (p<0.01) increased at week 2 in OVX group. The 

packed cell volume (PCV), red blood cell count (RBCs) and haemoglobin concentration 

(Hb) declined (p<0.05) in OVX group at week 1. Also, in OVX group, the total leukocyte 

count (TLC) increased (p<0.01) at week 1 and neutrophils ratio (p<0.05) at week 2. Both 

total protein and albumin levels in OVX group were decreased significantly (p<0.01) in 

weeks 1 and 2. Glucose level increased (p<0.001) at week 1 in OVX group. The serum 

levels of urea, GOT and GPT of OVX group were relatively   higher  compared with control 

group values. 



Conclusions: The study concluded that ovariectomy induced variable effects on  

thermoregulation, haematological and serum biochemical parameters in adult Nubian goats . 
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1. INTRODUCTION    

 Goats are homeothermic animals with a limited range of body temperature, therefore, 

excess heat must be eliminated for the animals to be in a thermal balance state [1]. The main 

source of thermal energy for goats is metabolism, and also other routes are used for thermal 

energy exchange including conduction, convection, radiation and evaporation [2]. The 

general homeostatic response of goats to hot conditions include higher respiration rates [3], 

panting, higher sweating rate [4], decrease in feed intake and metabolic heat production [5] 

and increase in skin temperature and reduction or constant in heart rate and cardiac output 

[6].  Previous study reported that the core body temperature is corresponding with the level 

of female sex hormones, core body temperature decreases with low level and increases with 

high level of female sex hormones [7]. 

Blood is an important and reliable medium for assessing the health status of individual 

animals [8]. Variations in blood parameters of goats are due to several factors such as 

altitude, nutritional level, age, sex, breed, season, temperature and physiological state [9].  

Gonadectomy is one of the most frequently performed surgical techniques in veterinary 

practice. An ovariectomy is usually performed to prevent sexual activity and eliminate 

pregnancy or to remove diseased organs (ovarian masses, chronic pyometra, uterine 

neoplasm)  [10-13]. Ovariectomy also has many advantages for animal production, such as 

improving management by breeding males along with females in the same environment; 

increasing live weight gain and production of high quality carcass in small ruminants [14-

16]. OVX is also used to prevent uterine diseases such as chronic pyometra, uterine 

neoplasm, ovarian masses and mammary gland tumor in goats, sheep and small animals [17, 

18]. In humans, oophorectomy is used in protection against breast and ovarian, fallopian 

tube and primary peritoneal cancers in women [19]. In addition, it is used in the treatment of 



breast cancer [19].  Both pre- and post-menopausal oophorectomy prevents breast cancer 

[20]. 

The surgical performance of ovariectomy and associated stress may induce changes in 

animals. This study was undertaken to report on physiological changes following 

ovariectomy in adult Nubian goats. 

2. MATERIAL AND METHODS 

2.1 Experimental Animals, Housing and Management 

Twenty adult, apparently healthy female goats , obtained from the local market  in 

Khartoum North , were used in this experiment. The goats were kept in the small ruminant 

unit at the Department of Physiology, Faculty of Veterinary Medicine, University of 

Khartoum.  Animals were examined clinically and were given prophylactic treatments of 

anthelmintic injection (Ivomec: 0.02 ml/kg BW: Alpha Laboratories Ltd, India) and 

antibacterial injection (Oxytetracycline: 7.5 mg/kg BW: Alpha Laboratories Ltd, India). The 

animals were maintained on a diet of dry lucerne hay (Medicago sativa) and tap water ad 

libitum. They were kept for an adaptation period of 2 weeks before experimentation so that 

they were accustomed to the experimental conditions and collection of blood samples. The 

study was conducted during December-January, 2019 (maximum temperature 36.5Cº, 

minimum 9.9Cº, mean relative humidity 29.8%). 

 

2.2 Experimental Design 

Twenty female goats were randomly assigned into two groups, group A acted as a control 

group (12 animals) and group B (8 animals) were subjected to ovariectomy and monitored 

for 4 weeks. Thermoregulation and blood parameters were measured pre- OVX, and at 

weeks 1, 2, 3 and 4 following the operation. The thermoregulation parameters were 

measured at cold dry winter in the morning (7.00 a.m.). 

 



2.3 Surgical Procedure 

Bilateral ovariectomy was performed under local anaesthesia according to the method 

described by [11]. Animals were fasted 12 hours before surgery. The left flank region of 

each goat was prepared for surgery by clipping and shaving the hair on the proposed 

surgical site; the site was scrubbed with povidone iodine 10% topical solution. First of all, 

mild sedation was used (0.05mg/kg xylazine) then, local anaesthesia, 2% w/v lidocaine HCl 

injection (PSI, Jeddah, Saudi Arabia) 10 ml were used. Ovariectomy was performed on the 

anaesthetized animal placed on the right side. A small 6 to 8 cm incision was made in the 

left flank. Two fingers were introduced into the abdominal cavity and the uterus was 

recognized in its dorsal aspect by following one of the horns to the uterine bifurcation. Once 

the uterine horn was grasped between the fingers, it was pulled towards the surgical 

incision. Size “1” chromic catgut was used to transfix the ovarian pedicle before transaction. 

The laparotomy incision was closed as described above. Antimicrobial Oxytet-LA 

(Oxytetracyline 20% injection) (Shanghai Gongyi Veterinary Medicine plant, China) and 

anti-inflammatory Ketaflam (Montajat Pharmaceuticals, Saudi Arabia) medications were 

used for 5 days after surgery. Figures 1 and 2 show extraction of ovaries during 

overiectomy operation and ovaries after ovariectomy. 

2.4 Physiological Investigations 

During the experimental period, rectal temperature (Tr) was measured by a digital clinical 

thermometer. The RR was measured by visually counting the flank movements for one 

minute using a stopwatch. The HR was obtained by monitoring the heart sounds for one 

minute using a stethoscope and a stopwatch. During the experiments, the animals were 

weighed using a traditional balance (Kinlee - Hanging scale, China). The parameters of 

erythrocytic indices and leukogram were determined according to the standard methods 

described in Essentials of Veterinary Haematology [21].Serum total protein concentration 

was determined by Biuret method [22] using a kit (BioSystems, S.A., Spain). Serum 

albumin concentration was determined by the colorimetric method of Bromocresol green 



[23] using a kit (Bio Systems, S. A., Spain). Serum urea concentration was determined by 

the enzymatic-colorimetric test (Berthlot) [24] using a kit (BioSystems, S.A., Spain). The 

plasma glucose concentration was determined by the enzymatic colorimetric method [25] 

using a kit (Spinreact, S.A., Spain). Serum GOT and GPT activity were determined by the 

enzymatic method [26] using a kit (Spinreact, S.A., Spain). 

2.5 Statistical Analysis 

  The data collected were subjected to standard methods of statistical analysis using 

Statistical Package for the Social Sciences (SPSS, version 20). In this experiment, an 

independent sample T-test was used to assess the effects of overiactomy in adult female 

goats. The experimental data were expressed as mean values  SD and were presented in 

Tables and  illustrated in Figures . P value of <0.05 was considered statistically significant. 

3. RESULTS 

3.1 Thermoregulation(Tr) , Respiratory Rate(RR) , Heart Rate(RR)  and Body Weight 

(BW)  

 The effects of  OVX  on Tr , RR , HR and BW are presented in  Table 1 . 

3.1.1 Rectal temperature (Tr) 

The initial Tr values ranged from 37.56 to 37.98C. The group of goats subjected to OVX 

maintained lower Tr values compared to the control group until the end of week 4. At week 

4, Trvalues of OVX group of goats was significantly (P≤0.05) lower compared with the 

control group (Fig. 3).  

3.1.2 Respiratory rate (RR) 

The initial mean values of RR ranged from 15 to 17 breaths /min. The general pattern 

indicates that the RR value of the OVX group was lower compared to the control group 

during the experimental period (Fig. 4).  

3.1.3 Heart rate (HR) 



The initial values of HR were close to each other for the experimental groups. The OVX 

group showed an increase in HR values at weeks 1 and 2, followed by a decline until week 

4 compared with HR values of the control group. At week 2, the ovariectomized group had 

significantly (P≤ 0.01) higher HR value compared with the control group (Fig.5).  

3.1.4 Body weight (BW) 

The initial values of BW were not close to each other, ranging from 20.68 to 23.33kg. There 

was no significant difference in BW between the OVX and control group during the 

experimental period (Fig. 6). 

3.5 Haematological Parameters  

The effects of  OVX on haematological parameters are presented in Table 2 

3.5.1 Packed cell volume (PCV) 

Generally, there was no significant difference between the two groups. The control group 

maintained an almost steady PCV (≈ 25%).  At week 1, there was a decline in PCV for 

OVX group compared with the control group. At weeks 2 and 3, the OVX group maintained 

higher PCV values compared with control group. At week 4, the OVX group had lower 

PCV values compared to the control group (Fig.7).  

3.5.2  Red blood cells (RBCs) 

The initial mean values of RBCs were close to each other ranging from 11.38 to 11.56 

(x10
6
/µl). Generally, there were fluctuations in RBCs values in control and OVX groups of 

animals during the experimental period.  At week 1, there was a significant (P≤ 0.05) 

decline in RBCs values for OVX group compared with control group. At weeks 2 and 3, the 

OVX group maintained higher RBCs values compared with the control group. At week 4, 

the OVX group had lower RBCs values compared to the control group (Fig.8).  

3.5.3 Haemoglobin concentration (Hb) 

The initial mean values of Hb were similar, ranging from 9.81 to 9.96 g/dl. Generally, the 

treated group had lower Hb values compared with control group, and there were no 



significant differences between the two groups until week 4. At week 1, there was a 

decrease in Hb concentration in OVX group compared with control group. At week 2, the 

OVX group had slightly higher Hb value compared with the control group (Fig.9).  

3.6 Total leukocyte count (TLC) and differential leukocyte count (DLC)  

The effects of OVX on TLC and DLC are shown in Table 3. 

3.6.1 Total leukocyte count (TLC) 

The initial mean values of TLC were close to each other, ranging from 10.01 to 10.33 

(x10
6
/µl). The group of goats subjected to OVX maintained higher values of TLC compared 

to control group during the experimental period. At week 1, the TLC was significantly (P≤ 

0.01) higher in the OVX group compared with the control group.  There was no significant 

difference in TLC values between the control and OVX group at weeks 2, 3 and 4 (Fig. 10) .  

3.6.2 Lymphocyte ratio 

The initial mean values of lymphocyte ratio were almost similar (≈ 53%). Generally, the 

OVX group had lower lymphocyte ratio compared to the control group. There were no 

significant differences in lymphocyte ratio between groups at weeks 1, 2 and 3. At week 4, 

the OVX group had slightly higher value of lymphocyte ratio compared to the control group 

(Fig. 11).  

3.6.3 Neutrophil ratio 

The initial mean values of neutrophil ratio were similar. Generally, the OVX group 

maintained higher neutrophil ratio compared to the control group during the experimental 

period. At week 2, the OVX group had significantly (P≤0.05) higher neutrophil ratio 

compared to the control group (Fig. 12).  

3.5.7 Monocyte ratio 

The effect of OVX on monocyte ratio in goats is shown in fig. 13. There was no significant 

difference between groups in monocyte ratio during the experimental period. There was a 



decline in monocyte ratiofor the OVX group compared with the control group until week 4 

(Fig.13).  

3.6.4 Eosinophil ratio 

Generally, there was a non-significant decrease in eosinophil ratio in the OVX group 

compared with the control group until week 3. At week 4, the eosinophil ratio was non-

significant higher in the OVX group compared to the control group (Fig.14). 

 

3.7 Blood Metabolites and Enzymes  

The effects of OVX on serum levels of metabolites and enzymes are shown in Table 4. 

3.7.1 Serum total protein 

The initial mean values of serum total protein were similar for the experimental groups of 

goats. The OVX group had lower serum total protein values compared to control group 

during the experimental period. At weeks 1 and 2, the OVX group had significantly (P≤ 

0.01) lower total proteins value compared with the control group. The OVX group 

maintained lower total proteins values compared with control group at weeks 3 and 4 (Fig. 

15).  

3.7.2 Serum albumin 

The initial mean values of serum albumin were close to each other (3.37 to 3.57 g/dl). The 

OVX group maintained lower albumin concentration compared to the control group during 

the experimental period. At weeks 1, 2 and 3, the OVX group had significantly (P≤0.01) 

lower albumin values compared with the control group. At week 4, the OVX group 

maintained lower albumin value compared with the control group (Fig. 16).  

3.7.3 Serum urea 

The initial mean values of serum urea concentration were not significantly different (45.73 - 

46.27 mg/dl). Generally, the OVX group maintained higher serum urea concentration 



compared to the control group until week 3. At week 4, the urea value of OVX goats was 

lower compared with the control group (Fig. 17).  

3.7.4 Plasma glucose 

The initial mean values of plasma glucose ranged from 47.98 to 48.80 mg/dl. The group of 

goats subjected to OVX maintained higher plasma glucose level compared to intact goats 

during the experimental period. The glucose level of the OVX group was significantly 

higher compared with the control group at week 1 (P≤0.001), 2 (P≤0.05) and 3 (P≤0.01). At 

week 4, the OVX group maintained non-significantly higher plasma glucose level compared 

with the control group (Fig. 18). 

3.7.5 Serum enzymes 

Figs. 19 and 20 illustrate the effects of OVX on the activities of measured serum enzymes. 

The experimental groups had close initial mean values of GOT and GPT. Generally, there 

were no significant differences between the two groups. However, from week 1 until week 

4, the OVX group maintained slightly higher GOT and GPT values compared with the 

control group. At week 1, the GPT value of OVX group was higher compared with the 

control group. At weeks 2, 3 and 4, the OVX group maintained slightly higher GPT values 

compared with the control group. 

 

4. DISCUSSION 

The aim of this study was to evaluate the effects of OVX on basic physiological responses 

in the goat an animal endowed with anatomical and physiological characteristics appropriate 

for such investigations. The goat has been used as an animal model in scientific research. 

The anatomy and physiology of the goat make it appropriate to be used for investigations in 

various fields of research[27]. Goats were used as an experimental model in surgery [28], 

trauma [29], castration [30], ovariectomy [31], in exploring physiological responses to 

haemorrhage [32, 33] and comparative anatomy [34]. Researchers also used the goat as the 

primary animal model in orthopaedics [35] and zoonotic diseases [36]. 



The results indicate that the body temperature (Tr) of OVX goats was decreased compared 

with the control group. Hypothermia after OVX may be attributed to decreased level of 

ovarian hormones. Pang et al. [37] found that oestradiol and progesterone levels deceased 

on day 5 after ovariectomy in Huanghuai goats.  In addition, Aoyama et al. [38] indicated 

that the levels of oestrogen and progesterone concentrations declined to low values after 3 

weeks in ovariectomized goats. In humans, the core body temperature corresponds with the 

level of female sex hormones, and it decreases with low level and increases with high level 

of female sex hormones [39]. OVX rats without oestradiol treatment exhibited a shift of the 

thermoneutral zone to lower ambient temperatures and there was skin vasodilatation. Also, 

oestrogen withdrawal in rats increased the sensitivity of neural pathways that activate heat 

dissipation effectors [40]. Moreover, the decline in Tr after OVX may be attributed to the 

post-operative stress which induced mild anorexia . 

 

 

The increase in body temperature of women in the luteal phase of menstrual cycle is related 

to the mild pyrogenic effect of progesterone or its metabolites [7, 41, 42]. Previous studies 

[43] demonstrated that postmenopausal women had lower core body temperatures than 

premenopausal women. The current results for goats agree with finding of  Marui et al. [44] 

in rats subjected to bilateral OVX, the study reported that depletion of plasma oestradiol in 

female rats immediately affects daily changes of core temperature and HR. The decrease in  

respiratory rate (RR) in OVX group compared with control group of goats may be attributed 

to deficiency of female sex hormones. In adult mammals, including humans, research based 

evidence shows that the ovarian hormones, progesterone and oestradiol, are potent 

respiratory stimulants [45]. Both hormones act on peripheral and central respiratory control 

systems via carotid body chemoreceptors and medullary nucleus to increase breathing in 

response to either hypoxia or hypercapnia [45. 46]. These hormones are considered to have 

a protective role against disrupted breathing during sleep in females before the menopausal 



period [47]. Administration of progesterone at physiological concentrations to males or 

females caused prolonged stimulation of respiration in cats [48].       

      The greater heart rate (HR) in OVX group compared with intact goats may be attributed to 

the effect of stress and depletion of female sex hormones. After surgery, the levels of 

norepinephrine and epinephrine increased leading to increase in the force and rate of 

contraction of the heart [49]. An increase in the sympathetic activity in the heart results in 

both elevated contractility, which leads to increase in stroke volume, and increase in HR in 

humans [50].  

The mean body weight (BW) was slightly decreased in the OVX group of goats after 4 

weeks, but there was no significant difference compared with the control. The decrease in 

BW may be attributed to stress response to surgery, which leads to increased secretion of 

catabolic hormones, which promote the breakdown of substrates [50]. Protein catabolism 

results in marked weight loss and muscle wasting in patients after major surgical and 

traumatic injury [52]. In line with the current results for goats, studies on rats [53] revealed 

that after one month of OVX, there was no significant difference in mean BW. In contrast, 

Jeong and Yoon [54] reported that OVX lead to weight gain primarily in the form of 

adipose tissue in rodents. The final BW of OVX rats was significantly increased and the 

serum total and low-density lipoprotein (LDL) cholesterol levels were significantly elevated 

[55]. Other studies reported that OVX rats had higher BW and higher daily food intake [56]. 

The differences in the response of BW to OVX could be related to animal species, nutrition 

and experimental conditions. 

The data indicate that after OVX, there were non- significant decreases in PCV and Hb 

concentration and the RBCs decreased significantly in week 1 in the OVX group compared 

with the control. This response may be attributed to depletion of oestrogen in goats 

subjected to OVX. Oestrogen increased the haematopoietic stem cell division and 

erythropoiesis in rodents [57]. The number and function of haematopoietic stem cells was 

significantly reduced in the OVX rats when compared with the control group [58].   



The current study indicates that the peripheral total leukocyte count (TLC) and neutrophil 

ratio were increased significantly at weeks 1 and 2, respectively, while the ratios of 

lymphocyte, monocyte and eosinophil decreased non- significantly in OVX group compared 

with the control group values. The increase of  both TLC and neutrophil  is  attributed to the 

effects of surgery and inflammation. Surgical stress increased TLC in humans [59, 60]. 

Cortisol influences neutrophils by both increasing their release from bone marrow and 

decreasing their removal from the circulation. Also, it decreases the number of circulating 

lymphocyte, eosinophil, and basophil [61]. Secretion of glucorticoids as a result of surgery 

leads to reduction in the rate of T-cell proliferation and induces lymphocytopenia in rats 

[62]. However, previous studies [17, 63] found that TLC, neutrophils, band cells, 

lymphocytes, eosinophils and monocytes were within normal ranges in bilaterally 

ovariectomized  bitches .  

The serum total protein and albumin levels were both decreased in OVX group compared 

with control group of goats. In humans and dogs, post-operative albumin concentration 

decreased and acute phase proteins increased [64, 65]. Decreased albumin levels could be 

related to the effect of depletion of female sex hormones. Gross et al. [66] found that 

albumin excretion was significantly increased, and administration of oestradiol caused 

significant reductions in albuminuria in uninephrectomized rats subjected to OVX.  

The observed increase in urea level  in OXX goats is mainly associated with surgery stress. 

In response to trauma, increase in the secretion of catabolic hormones leads to body protein 

breakdown [67]. Also, surgery stress responses include increased secretion of both ADH 

hormone and renin, which promote water and sodium retention and the production of 

concentrated urine by direct action on the kidney [68].  

The increase in plasma glucose concentration in OVX goats is clearly associated with 

surgery stress responses. Stress hormones signal the liver to breakdown glycogen in order to 

release glucose into the plasma and stimulate the breakdown of tissue glycogen stores [69]. 

Furthermore, catecholamines increase the secretion of glucagon [52]. The measured 

increase in glucose level may also be attributed to decrease in oestradiol following OVX.  



OVX and oxygen depletion were associated with decrease in serum insulin level in OVX 

rats [69].    

There was moderate increase in both GOT and GPT serum levels in OVX group compared 

with the control group.  The higher levels of GPT and GOT obtained with OVX group could 

be attributed to the catabolic effects of stress hormones in skeletal muscle and liver. The 

elevated serum enzymes activity is apparently related to the effect of catecholamines on 

liver cells. In humans, surgery under general anaesthesia elevated serum levels of GOT and 

GPT enzymes [71]. 

 

5. CONCLUSION  

Bilateral ovariectomy induced notable alterations in thermoregulation and 

haematobiochemical parameters in adult goats. The findings have implications in the fields 

of gynecology and surgery of small ruminants. The generated information could also be 

utilized in biomedical context and translational medicine. Further studies are required to 

monitor the effect of ovariectomy on mineral profile and endocrine responses in the goat 

model. 

ETHICS APPROVAL 

This study was approved by the Research Board, Faculty of Veterinary Medicine, 

University of Khartoum and approved and monitored by the Ethical Committee of 

Veterinary Council, Sudan. 

REFERENCES 

1. Piccione G, Bertolucci C, Costa A,  Mauro S D and  Caola G. Daily rhythm of body 

and auricle temperature in goats kept at two different ambient temperatures. Biol. 

Rhythm Res. 2005; 36 (4): 309-314. 

 

2. Klein B. G. E. (2013). Cunningham's Textbook of Veterinary Physiology. 5
th   

Edition, St. Louis, Missouri.   

https://www.tandfonline.com/author/Piccione%2C+G
https://www.tandfonline.com/author/Piccione%2C+G
https://www.tandfonline.com/author/Costa%2C+A
https://www.tandfonline.com/author/Di+Mauro%2C+S
https://www.tandfonline.com/author/Caola%2C+G
https://www.tandfonline.com/toc/nbrr20/current
https://www.tandfonline.com/toc/nbrr20/current


3. Phulia S K, Upadhyay R C, Jindal S K and Misra R P. Alteration in surface body 

temperature and physiological responses in Sirohi goats during day time in summer 

season. Indian. J. Anim. Sci. 2010; 80(4):340-342. 

 

4. Hamzaoui S, Salama A K, Albanell E, Such X and Caja G. Physiological responses 

and lactational performances of late-lactation dairy goats under heat stress conditions. 

J. Dairy Sci. 2013; 96:6355-6365. 

 

5. Sarangi S. Adaptability of goats to heat stress. J Pharm Innov. 2018; 7(4): 1114-1126. 

 

6. Gupta M, Kumar S, Dangi S S and Jang B L. Physiological, biochemical and 

molecular responses to thermal stress in goats. Int. J. Livest. Res. 2013; 3(2): 27-38. 

 

7. Simic N , Ravlic A . Changes in basal body temperature and simple reaction times 

during the menstrual cycle. Arh. Hig. Rada. Toksikol. 2013 ;  64(1): 99-106. 

 

8. Ramprabhu R, Chellapandian M,  Balachandran S and  Rajeswar J J. Influence of age 

and sex on blood parameters of Kanni goats in Tamil Nadu. Indian J. Small Rumin. 

2010; 16 (2): 249-251. 

 

9. Mbassa G K and Poulsen J S D. Reference ranges for clinical chemical values in 

landrace goats. Small Rumin. Res. 2003; 10: 133-142. 

 

10. Garber M J, Roeder R A, Combs J J, Eldridge L, Miller J C, Hinman D D  et al.  

Efficacy of vaginal spaying and anabolic implants on growth and carcass 

characteristics in beef heifers. J. Anim. Sci. 1990 ; 68 (5): 1469-1475 .  

 

11. Fubini S L , Ducharme N G . Surgery of the sheep and goat reproductive system and 

urinary tract. In: Farm Animal Surgery  2004 ;  pp. 527 – 547, Philadelphia . 

 

12. Alkhilani M A, Khashjoori B K , Ashur K H , Ajeel AA , Eesa MJ .  Laparoscopic  

ovariectomy in goats with different techniques. IJPR 2020 ; 12 (2) : 1807-1810 .  

13. Silva L A F, Pales A P, Fioravanti M C S , Pádua J T, Silva O C , Santos K J G.  

Latex band at the ovarian pedicle of Nelore heifers.  Acta Sci. Anim. Sci. 2006 ; 28 

(1): 97–103 . 

http://www.scopemed.org/?jtt=International%20Journal%20of%20Livestock%20Research
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Indian+Journal+of+Small+Ruminants%22


14. Zhang L, Wang Y, Fu M, Li G, An N, Li S , Zhou Z : The effects of ovariectomy on 

meat performance and expression of GH/IGF-I in young goats. Can. J. Anim. Sci. 

2014 ; 94 (4): 619- 626 . 

15. Vrisman DP, Choaire E, Strucher F, Oliveira MS,  Ribas TMB,  Coutinho LN et al.  

Laparoscopy of the genitourinary tract of small ruminants. Anim. Reprod. 2014 ;  

11(4):511-516 . 

16. Tibary A , Van Metre D .  Surgery of the sheep and goat reproductive system and 

urinary tract. In: Farm Animal Surgery. 1
st
 Edition. (Edited by Fubini S L and 

Ducharme N G),  Philadelphia 2004 , pp. 529-531. 

17. Shariati E, Bakhtiari J, Khalaj A , Naslaji A N  . Comparison between two portal 

laparoscopy and open surgery for ovariectomy in dogs. Vet. Res. Forum 2014 ; 5 (3): 

219 – 223 . 

18. Kauff  N D, Domchek S M, Friebel T M, Robson M E, Lee J, Garber J E et al.  Risk-

reducing salpingo - oophorectomy for the prevention of BRCA1- and BRCA2-

associated breast and gynecologic cancer: A multicenter, prospective study. J. Clin. 

Oncol. 2008 ; 26 (8): 1331–1337. 

19. Singh G . Oophorectomy in breast cancer-controversies and current status. Indian J. 

Surg. 2012 ; 74 (3): 210-212 . 

20. Kotsopoulos J, Lubinski J, Lynch H  T,  Kim- Sing C, Neuhausen S, Demsky R et al .   

Oophorectomy after menopause and the risk of breast cancer in BRCA1 and BRCA2 

mutation carriers. Cancer Epidemiol. Biomarkers Prev. 2012 ;  21(7):1089-1096 .  

21.  Jain N C  . Essentials of Veterinary Haematology. Lea and Febiger, Philadelphia 

USA 1993 ;  pp.349–380. 

22. King T M , Wootton I D P . Determination of total protein in plasma and serum. In: 

Medical Biochemitry. Churchill Ltd. London 1965 ; pp.138-150. 

23. Doumas B T, Watson W A ,  Biggs H G  . Albumin standards and the measurement 

of serum albumin with bromocresol green. Clin. Chim. Acta. 1971 ; 31(1): 87 – 96 .  

24. Chaney A L , Marbach E P . Modified reagents for determination of urea and 

ammonia. Clin. Chem. 1962 ;   8 (2): 130 – 132  . 

25. Trinder P . Determination of glucose in blood using glucose oxidase with an 

alternative oxygen acceptor. Ann. Clin. Biochem. 1969 ;  6 : 24-27.  

26. Gella F J, Olivella T, Pastor M C, Arenas J, Moreno R, Durban R et al. A simple 

procedure for the routine determination of aspartate aminotransferase and alanine 

amino-transferase with pyridoxalphosphate. Clin. Chim. Acta. 1985 ; 153 :241-247 . 

 

 

 

 

27. Flaherty D C, Hoxha B, Nelson S, Sun J, Gurji H, Simecka J W, Mallet R T, 

Olivencia-Yurvati A H and Daniels E Q. Peri- and intra-operative management of the 

goat during acute surgical experimentation. Lab Anim. 2010; 39: 80 –8 5. 

https://www.ncbi.nlm.nih.gov/pubmed/23730045
https://www.ncbi.nlm.nih.gov/pubmed/22564871
https://www.ncbi.nlm.nih.gov/pubmed/22564871


28. Abdelatif A M, Alsayed S A and Hassan Y M. Effects of uninephrectomy on 

morphological and histological measurements of theremnant kidney in a goat (Capra 

hircus) model. J. Physiol.  Pharmacol. Adv. 2013; 3 (3): 94- 102.  

29. Martinic G. The use of animals in live-tissue trauma training and military medical 

research. Lab. Anim. 2011; 319-322 

30. Oyeyemi M O, Olaifa A K and Onwuka S K. Bilateral orchidectomy in West African 

dwarf goats. Effect on blood electrolyte levels. Afr. J. Biomed. Res. 2000; 3: 105-

108. 

31. Dessauge F, Finot L, Wiart S, Aubry J M and Ellis S E. Effects of ovariectomy in 

prepubertal goats. J. Physiol. Pharmacol. 2009; 60 (3): 127-133. 

32. Abdelatif A M and Abdalla S E. Physiological responses of goats (Capra hircus) to 

haemorrhage as influenced by age. Global Veterinaria. 2009; 3 (2): 151- 164.  

33. Argolo E P,  Firmino P R, Soares J O, Nunes T L, Abrantes M R, Sousa R S, Oliveira 

F L C, Paula V V, Ortolani E L, Minervino A H and Barrêto-Júnior R A. Clinical 

responses to acute blood loss in goats. Semin. Cienc. Agrar. 2018; 39 (2): 583-592. 

34. Proffen B L, Mc-Elfresh M, Fleming B C and Murray M M.  A comparative  

anatomical study of the  human knee and six animal species. Knee. 2012; 19(4): 493–

499. 

35. Cao L, Liu G, Gan Y, Fan Q, Yang F, Zhang X, Tang T and Dai K. The use of 

autologous enriched bone marrow MSCs to enhance osteoporotic bone defect repair 

in long-term oestrogen deficient goats. Biomaterials. 2012; 33 (20): 5076- 5084. 

36. Berri E M, Rousset J L, Champion P and Rodolakis R A. Goats may experience 

reproductive failures and shed Coxiella burnetii at two successive parturitions after a 

Q fever infection. Res. Vet. Sci. 2007; 83(1): 47-52. 

37. Pang  X S,  Wang Z Y, Zhu T G, Yin D Z, Zhang Y L  et al.  Concentrations of 

progesterone and oestradiol in peripheral plasma during the oestrous cycle and after 

ovariectomy in Huanghuai goats of high or poor prolificacy. Asian-Aust. J. Anim. 

Sci. 2010 ;   23(2):188-196 . 

38. Aoyama M , Koga A,Yamagishi N, Takeuchi Y,  Mori Y , Okamura H .   Alteration  

of ingestive behavior and plasma metabolites by oestrogen in ovariectomized goats. J. 

Reprod. Dev. 1998 ;  44 (2): 141-148.   

39. Simic N , Ravlic A . Changes in basal body temperature and simple reaction times 

during the menstrual cycle. Arh. Hig. Rada. Toksikol. 2013 ;  64(1): 99-106. . 

40. Dacks P A , Rance N E.  Effects of oestradiol on the thermoneutral zone and core 

temperature in ovariectomized rats. Endocrinology 2010 ; 151 (3): 1187- 1193 .  

41. Garcia AMC, Lacerda MG, Fonseca I A T, Reis FM, Rodrigues LO C et al.   Luteal 

phase of the menstrual cycle increases sweating rate during exercise. Braz. J. Med. 

Biol. Res. 2006 ;  39 (9): 1255-1261 . 

https://search.proquest.com/indexinglinkhandler/sng/au/Martinic,+Gary/$N
https://search.proquest.com/pubidlinkhandler/sng/pubtitle/Lab+Animal/$N/2041949/OpenView/1786821735/$B/9B1CE27A61F04062PQ/1
http://jpp.krakow.pl/journal/archive/10_09_s3/pdf/127_10_09_s3_article.pdf
http://jpp.krakow.pl/journal/archive/10_09_s3/pdf/127_10_09_s3_article.pdf
https://www.sciencedirect.com/science/journal/01429612
https://www.sciencedirect.com/science/journal/01429612/33/20
https://www.sciencedirect.com/science/article/pii/S0034528806001998#!
https://www.sciencedirect.com/science/article/pii/S0034528806001998#!
https://www.sciencedirect.com/science/article/pii/S0034528806001998#!
https://www.sciencedirect.com/science/article/pii/S0034528806001998#!
https://www.sciencedirect.com/science/article/pii/S0034528806001998#!
https://www.sciencedirect.com/science/journal/00345288
https://www.sciencedirect.com/science/journal/00345288/83/1


42. Hampl R, Starka L , Jansky L . Steroids and thermogenesis. Physiol. Res. 2006 ; 55: 

123-131. 

43. Neff L M, Hoffmann M E, Zeiss D M,  Lowry K ,  Edwards M et al .  Core body 

temperature is lower in postmenopausal women than premenopausal women: 

potential implications for energy metabolism and midlife weight gain. Cardiovasc.  

Endocrinol. 2016 ;  5 (4): 151–154 . 

44. Marui S, Uchida Y ,  Nagashima  K .  Daily changes of body temperature and heart 

rate are modulated after oestradiol depletion in female rats. Anat. Physiol. 2016 ; 6 

(1):1-7 .  

45. Behan M , Kinkead R . Neuronal control of breathing: sex and stress hormones. 

Compr. Physiol.2011 ; 1: 2101- 2139 .  

46. Jensen D, Wolfe L A, O'Donnell, D E , Davies G A . Chemoreflex control of 

breathing during wakefulness in healthy men and women. J. Appl. Physiol. 2005 ;  98 

(3): 822- 828 .  

47. Bixler E O, Vgontzas A N, Lin H,  HaveT T,   Rein J  et al.   Prevalence of sleep-

disordered breathing in women. Am. J. Respir. Crit. Care Med. 2001 ; 163(3) : 608-

613 . 

48. Bayliss D A, Millhorn D E, Gallman E A  , Cidlowski  J A  . Progesterone stimulates 

respiration through a central nervous system steroid receptor- mediated mechanism in 

cat. Proc. Natl. Acad. Sci. USA 1987 ;  84(21): 7788-7792 . 

49. Singh M : Stress responses and anaesthesia altering the peri- and post-operative 

management. Indian J. Anaesth. 2003 ; 47 (6): 427-434 . 

50. Huxley V H . Sex and the cardiovascular system: the intriguing tale of how women 

and men regulate cardiovascular function differently. Adv. Physiol. Educ. 2007 ; 

31(1): 17-22 .  

51. Finnerty C C, Mabvuure N T, Ali A , Kozar R A , Herndon DN . The surgically 

induced stress response. J. Parenter. Enteral. Nutr. 2013 ;  37(5): 21S–29S . 

52. Desborough J P . The stress response to trauma and surgery. Br. J. Anaesth. 2000 ; 

85(1): 109-117. 

53. Al-Wahaibi A, Farihah H S, Azian A L ,Wan Nazaimoon W M . Effects of 

ovariectomy on body weight and activity of 11-beta hydroxysteroid 

dehydrogenase type I. In: the liver and adipose tissue of rats. Sci. J. King 

Faisal Univ. 2008 ; 9 (1): 149 – 162 .  

54. Jeong S , Yoon M . Swimming’s prevention of ovariectomy- induced obesity through 

activation of skeletal-muscle PPARα. Int. J. Sport Nutr. Exerc.  Metab. 2012 ; 22 (1): 

1-10. 

55. Yoo J H, Liu Y , Kim HS . Hawthorn fruit extract elevates expression of 

Nrf2/HO-1 and improves lipid profiles in ovariectomized rats. Nutrients 

2016 ; 8 (5): 283-289 .  

56. Rodrigues, M. F. C., Stotzer, U. S., Domingos, M. M., Deminice, R . Effects of 

ovariectomy and resistance training on oxidative stress markers in the rat liver. 

Clinics  2013 ; 68(9):1247-1254 . 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Neff%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=28111609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hoffmann%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=28111609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zeiss%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=28111609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lowry%20K%5BAuthor%5D&cauthor=true&cauthor_uid=28111609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Edwards%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28111609
https://www.atsjournals.org/author/BIXLER%2C+EDWARD+O
https://www.atsjournals.org/author/VGONTZAS%2C+ALEXANDROS+N
https://www.atsjournals.org/author/LIN%2C+HUNG-MO
https://www.atsjournals.org/author/tEN+HAVE%2C+THOMAS
https://www.atsjournals.org/author/REIN%2C+JENNIFER
https://www.atsjournals.org/author/VELA-BUENO%2C+ANTONIO
https://www.atsjournals.org/toc/ajrccm/163/3


57. Nakada D, Oguro H., Levi B P, Ryan N, Kitano A et al. Oestrogen increases  

haematopoietic stem cell self-renewal in females and during pregnancy.  Nature 2014 

;  505:555- 558 .  

58. Qiu X, Yuan X G, Jin X, He X, Zhu L ,  Zhao X Y . Oestrogen-deficiency inducing 

haematopoiesis dysfunction via reduction in haematopoietic stem cells and 

haematopoietic growth factors in rats. Int. J. Exp. Pathol. 2012 ;  93(3): 179–187.  

59. Eriksson, S., Olander, B., Pira, U. and Granström, L. White blood cell count, 

leukocyte elastase activity and serum concentrations of interleukin-6 and C-reactive 

protein after open appendicectomy. Eur. J. Surg.1997 ; 163(2): 123-127.   

60. Tsunoda K, Sonohata M, Kugisaki H, Someya S, Honke H et al. The effect of air 

tourniquet on interleukin-6 levels in total knee arthroplasty 2017 ; Open Orthop. J.  

11: 20-28 . 

61. Engelking L R . ACTH and Glucocorticoids: IV. Physiologic and Pharmacologic 

Actions. In: Metabolic and Endocrine Physiology  3
rd

 ed. New York 2012 : pp.48-49 . 

62. Dhabhar FS, Miller AH, McEwen B S , Spencer RL . Stress-induced changes in 

blood leukocyte distribution: role of adrenal steroid hormones.  J. Immunol. 1996 ; 

157 (4) : 1638-1644 .   

63. Kumari A, Guha S K, Tiwary R , Ansari M . Haemato-biochemical indices in female 

dogs undergoing laparoscopic and open elective ovariectomy. Pharma. Innovation J.  

2018 ;  7 (8): 168-176 . 

64. Hübner M, Mantziari S, Demartines N, Pralong F, Coti-Bertrand P et al.   

Postoperative albumin drop is a marker for surgical stress and a predictor for clinical 

outcome: A pilot study. Gastroenterol. Res. Pract . 2016 ;  ID 8743187 .  

65. Del Romero A, Cuervo B, Peláez P, Miguel L, Torres M, Yeste M et al.  Changes in 

acute phase proteins in bitches after laparoscopic,midline, and flank ovariectomy 

using the same method for haemostasis. Animals 2020 ; 10 (12): 1-14 . 

66. Gross M, Adamczak M, Rabe T, Harbi N A, Krtil J, Koch A, Hamar P, Amann K and 

Ritz E:  Beneficial effects of oestrogens on indices of renal damage in 

uninephrectomizedSHRsp rats. J Am Soc Nephrol 15(2): 348 – 358, 2004. 

67. Şimşek T, Şimşek H U and Cantürk N Z . Response to trauma and metabolic 

changes: post-traumatic metabolism. Turk J. Surg. 30 (3): 153-159, 2014. 

68. Burton D, Nicholson G , Hall G .  Endocrine and metabolic response to surgery. 

Contin. Educ. Anaesth. Crit. Care and Pain  2004 ; 4 (5): 144 – 147 .  

69. Garrioch M A . The body’s response to blood loss . Vox Sang 2004 ; 87 (1): S74-S76 

.   

70. Ahmadi R , Oryan SH. Effects of ovariectomy and oestradiol valerate or progestetone 

on serum insulin level in rats. Int. J. Med. Sci. 2009 ; 1(6): 263-266 . 

71. Al-Saadi M A, Ewadh M J , Rashid A I . Biochemical changes of liver enzymes; 

ALT, AST, ALP in patients after surgical operation under general anesthesia. Med. J. 

Babylon  2016 ;12(4): 1191- 1197. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20XY%5BAuthor%5D&cauthor=true&cauthor_uid=22583131
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3385915/
https://scholar.google.com/citations?user=gklZYMAAAAAJ&hl=en&oi=sra


 

 

 

 

 

 

 

 

 



 

Fig. 1  Extraction of ovaries during operation. 



 

Fig. 2  Ovaries after ovariectomy 

 

 

 

Fig. 3 Effects of ovariectomy (OVX) on rectal temperature, Tr in adult goats. 



 

 

Fig. 4 Effects of ovariectomy(OVX) on respiratory rate, RR in adult goats. 

 

 

Fig. 5  Effects of ovariectomy (OVX) on heart rate, HR in adult goats. 

 



 

 

 

 

 

 

 

 

 

 

 

Fig. 6  Effects of ovariectomy (OVX) on body weight, BW in adult goats.  

 

 

 

 

 



 

Fig.7 Effects of ovariectomy (OVX) on packed cell volume, PCV in adult goats.  

 

 

Fig. 8 Effects of ovariectomy (OVX) on red blood cells count, RBCs in 

          adult goats.  

 



 

Fig. 9  Effects of ovariectomy (OVX) on haemoglobin concentration, Hb 

          in adult goats.  

 

Fig. 10  Effects of ovariectomy (OVX) on total leukocyte count , TLC 

in adult goats.  



 

Fig. 11 Effects of ovariectomy (OVX) on lymphocytes ratio in adult goats.  

 

Fig.12 Effects of ovariectomy (OVX) on neutrophils ratio in adult goats.  

 



 

Fig.13 Effects of ovariectomy (OVX) on monocytes ratio in adult goats.  

 

Fig. 14 Effects of ovariectomy (OVX) on eosinophils ratio in adult goats.  

 



 

Fig. 15 Effects of ovariectomy (OVX) on serum total protein concentration  

in adult goats.  

 

Fig. 16 Effects of ovariectomy (OVX) on Serum albumin concentration 

 in adult goats.  
 



 

Fig. 17 Effects of ovariectomy (OVX) on serum urea concentration in adult 

goats.  

 

Fig.18  Effects of ovariectomy (OVX) on plasma glucose concentration in adult goats. 

 



 

Fig.19 Effects of ovariectomy (OVX) on serum glutamic oxalacetictransaminase,  

GOT concentration in adult goats.  

 

 

 

 

Fig. 20 Effect of ovariectomy (OVX) on serum glutamic pyruvic transaminase 

concentration, GPT (U/L) in adult goats. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Table 1. Effects of ovariectomy (OVX) on rectal temperature (Tr), respiratory rate (RR), 
heart rate (HR) and body weight in adult goats. 

 
 
 
 
 
 
 
 
 
 

a, b: Mean values within the same column bearing different superscripts are significantly different. 
*: Significant at P≤ 0.05**: Significant at P≤ 0. 01 

 

Table 2. Effects of ovariectomy (OVX) on PCV,   RBCs and Hb concentration in adult goats. 

a, b: Mean values within the same column bearing different superscripts are significantly different. 
*: Significant at P≤ 0.05 

 

 

 

 

 

Parameters Groups Baseline Pre- OVX Week 1 Week 2 Week 3 Week 4 

Tr (°C)    Control  38.29±0.27a 37.56± 0.50a 37.92±0.83a 37.89± 0.79a 38.10±0.73a 38.39±0.46a 
 Ovariectomized 38.02±0.43a 37.98±0.52a 37.77±1.45a 37.41±0.64a 37.91±0.36a 37.71± 0.63b* 
RR (breaths/min) Control 14.20± 3.73a 14.60±3.30a 17.20±2.74a 14.66±4.09a 16.41±3.89a 14.91±1.97a 
 Ovariectomized 15.44± 3.46a 16.88±2.66a 16.00±4.00a 14.14±2.26a 13.42±3.35a 13.85±3.38a 
HR (beats/min) Control 82.70±4.44a 84.20±7.95a 89.30±5.75a 87.50±6.62b** 90.81±4.14a 85.00±3.86a 
 Ovariectomized 81.00±5.04a 80.22±5.16a 90.11±5.81a 96.00±4.28a 88.14±5.27a 82.00±1.63a 
Body weight (kg) Control  23.33±3.45a    23.10±3.06a 
 Ovariectomized  20.68±2.62a    20.58±3.22a 

Parameters Groups Baseline Pre-OVX Week1 Week 2 Week 3 Week 4 

PCV (%) Control 25.40±2.98a 25.90±3.17a 25.60±3.37a 25.91±3.60a 25.75±3.38a 25.83±3.40a 
 Ovariectomized 26.00±3.29a 26.50±2.56a 24.85±3.93a 26.28±2.69a 26.14±2.67a 25.14±2.67a 
RBCs (x106/µL) Control 11.03±0.68a 11.38±0.61a 11.70±0.94a 11.66±0.98a 11.79±0.83a 11.83±1.02a 
 Ovariectomized 11.31±0.37a 11.56±0.28a 10.66±0.70b* 12.17±1.00a 12.27±1.07a 11.18±1.16a 
Hb (g/dL) Control 9.67±0.54a 9.81±0.69a 9.76±0.65a 9.45±0.38a 9.68±0.57a 9.46±0.32a 
 Ovariectomized 9.97±0.71a 9.96±0.56a 9.31±0.70a 9.47±0.47a 9.52±0.42a 9.40± 0.14a 



 

 

Table 3. Effects of ovariectomy (OVX) on total leukocyte count (TLC) and differential leukocyte count (DLC) 
in adult goats. 

Parameters Groups Baseline Pre-OVX Week 1 Week 2 Week 3 Week 4 

TLC (x103/µL) Control 12.21±1.64a 10.01±0.62a 9.64±0.52b** 9.58±1.10a 9.89±0.66a 10.10±0.32a 
 Ovariectomized 13.06±2.06a 10.33±0.34a 10.52±0.71a 10.40±0.79a 10.54±0.89a 10.35±0.37a 
Lymphocyte ratio %) Control 53.00±3.09a 53.60±2.83a 55.22±2.48a 54.33±4.43a 55.83±3.27a 54.08±3.17a 
 Ovariectomized 54.30±5.57a 53.20±4.61a 52.20±5.43a 52.42±5.12a 53.00±4.72a 54.28±3.30a 
Neutrophils ratio (%) Control 35.00±2.21a 34.80±3.15a 35.30±3.16a 34.75±2.37a 34.41±2.67a 35.00±2.82a 
 Ovariectomized 35.77±2.90a 34.88±3.65a 37.22±3.49a 37.14±1.77b* 36.14±2.19a 35.62±2.72a 
Monocytes ratio (%) Control 6.40±1.57a 6.20±1.39a 6.00±0.77a 6.33±1.15a 6.08±1.24a 6.25±1.21a 
 Ovariectomized 6.77±1.30a 6.77±1.64a 5.11±1.76a 5.42±0.78a 5.42±1.27a 5.75±1.03a 
Eosinophils ratio (%) Control 3.80±1.22a 3.50a±1.35a 3.20±1.75a 2.90±2.02a 3.77±2.04a 2.72±2.28a 
 Ovariectomized 3.55±1.33a 2.66±1.22a 2.28±1.25a 2.83±1.16a 2.80±1.64a 3.00±1.78a 

a, b: Mean values within the same column bearing different superscripts are significantly different. 
*: Significant at P≤ 0.05    **: Significant at P≤ 0. 01 

 
Table 4. Effects of ovariectmy (OVX) on serum total protein, albumin, urea and plasma glucose concentrations and 

serum enzymes activities in adult goats. 

Parameters Groups Baseline Pre-OVX Week1 Week2 Week3 Week4 

Total protein level (g/dL) Control 7.71±0.41a 7.88±0.38a 7.87±0.40a 7.67±0.49a 7.81±0.54a 7.45±0.50a 
 Ovariectomized 7.91±0.39a 7.83±0.48a 6.94±0.65 b** 6.81±0.56b** 7.56±0.49a 7.39±0.61a 
Albumin level (g/dL) Control 3.90±0.55a 3.57±0.28a 3.79±0.59a 3.94±0.54a 3.71±0.46a 3.70±0.57a 
 Ovariectomized 3.77±0.39a 3.37±0.54a 2.90±0.66 b** 3.10±0.67b** 2.95±0.45b** 3.34±0.55a 
Urea level (mg/dL) Control 46.75±1.91a 46.27±2.18a 46.38±2.93a 46.03±1.93a 46.27±2.71a 46.51±1.90a 
 Ovariectomized 46.26±1.80a 45.73±1.90a 47.45±1.78a 46.71±1.91a 46.85±1.80a 45.76±2.16a 
Glucose level (mg/dL) Control 48.43±1.47a 48.80±0.93a 47.37±1.52b*** 47.09±1.75b* 46.47±1.78b** 46.61±2.54a 
 Ovariectomized 48.03±2.12a 47.98±1.70a 53.16±2.72a 49.44±2.74a 49.53±2.20a 47.01±2.03a 
GOT (U/L) Control 30.40±0.77a 30.85±1.13a 30.45±0.80a 30.08±0.93a 30.24±1.34a 30.64±1.45a 
 Ovariectomized 30.13±2.14a 30.55±1.79a 31.12±1.24a 30.62±1.33a 30.36±1.24a 30.78±1.34a 

GPT (U/L) Control 25.28±0.86a 25.50±0.89a 25.82±0.82a 25.50±0.75a 25.45±1.25a 25.79±1.18a 
 Ovariectomized 25.17±0.44a 25.75±0.82a 26.65±1.03a 25.80±0.93a 25.56±0.90a 25.95±1.02a 

a, b: Mean values within the same column bearing different superscripts are significantly different. 
*: Significant at P≤ 0.05**: Significant at P≤ 0.01***: Significant at P≤ 0.001 

 
 

 



 

 

 

 


