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Abstract
Objective: The study was conducted to evaluate the effect of stress induced by general anesthesia and surgery 

on the peripheral mobilization of stem cells in horses.

Methods: The study was conducted in 12 horses that reported for elective surgical procedures warranting general 
anesthesia and were randomly divided into group I and group II each consisting of 6 horses. The study included 
evaluation of plasma cortisol level, stress leukogram and mobilization of peripheral blood Hematopoietic Stem Cells 
(HSCs), Mesenchymal Stem Cells (MSCs)/progenitor cells. Group I horses were pre-medicated with a butorphanol-
dexmedetomidine-acepromazine combination and further induced and maintained with ketamine-midazolam. Group 
II horses were pre-medicated with butorphanol-xylazine and induced and maintained with ketamine alone.

Results: The change in the pattern of the differential count in terms of stress leukogram was marked when the 
horses were induced and maintained with ketamine. The mean percentage of CD34 positive cells in pre-anesthesia, 
during anesthesia and post-anesthesia were 0.13 ± 0.00, 0.31 ± 0.02 and 0.64 ± 0.03 in group I and in group II, 
0.12 ± 0.00, 0.30 ± 0.01 and 0.70 ± 0.03 respectively. Similarly, the mean percentage of CD105 positive cells in pre-
anesthesia, during anesthesia and post-anesthesia were 0.01 ± 0.00, 0.01 ± 0.00 and 0.02 ± 0.00 in group I and in 
group II, 0.01 ± 0.00, 0.01 ± 0.00 and 0.03 ± 0.00 respectively. The Perusal of mean revealed a significant increase 
in CD34 positive cells in both the groups on the 6th postoperative day and revealed no significant increase in CD105 
positive cells in both the groups.

Conclusion: Though the stress indicators in terms of plasma cortisol level and stress leukogram were high after 
sedation and during anesthesia; mobilization of HSCs was appreciated only after 6th postoperative day indicating 
mobilization was occurring during the reparative and healing period.
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Introduction
Stem cell mobilization is a process by which the HSCs, Endothelial 

Progenitor Cells (EPCs) and MSCs from the bone marrow are mobilized 
to the periphery and available for further therapeutic procedures [1]. 
The functions and regulation of HSCs within the niche is based on a 
highly complex process involving not only intrinsic cues within the HSC 
themselves but signaling from the surrounding microenvironment in 
which they reside. Disruption of one or more of these niche interactions 
can result in the release of HSCs from the niche and their trafficking 
from the bone marrow to the peripheral circulation, a process 
termed peripheral blood stem cell mobilization. Mobilization can be 
achieved through administration of chemotherapy hematopoietic 
growth factors, chemokines, and small-molecule chemokine receptor 
inhibitors or antibodies against HSC niche interactions [2]. Anesthesia 
and surgery increase endogenous catecholamine as a response to the 
activity of sympathetic nervous system due to nocifensive response to 
surgery and a wider stress response to anesthetic-induced stress and 
hypoxia [3]. Stress-induced signals activate neutrophils and osteoclasts 
which in turn cause shedding and release of membrane-bound Stem 
Cell Factor (SCF), the proliferation of HSC and play a major role in 
stem cell mobilization [4]. The host immune system response to 
inflammation increases the release of leukocytes that include HSC from 
the bone marrow [5]. MSCs and HSCs are used for stem cell therapy/
regenerative therapy in equines for the management of tendon injury, 

osteoarthritis, wound healing and other degenerative disorders [6]. No 
studies were available on the extent of mobilization of HSCs and MSCs 
following anesthesia in horses to predict the volume of peripheral blood 
to be collected for the collection of a required number of stem cells 
by ficoll gradient density method or apheresis for therapy. The study 
included evaluation of the plasma cortisol level, stress leukogram and 
mobilization of peripheral blood HSCs/progenitor cells as a response 
to stress during total intravenous anesthesia using the midazolam-
ketamine mixture in butorphanol-dexmedetomidine-acepromazine 
pre-medicated horses and compare with ketamine in butorphanol-
xylazine pre-medicated horses for surgery.

Methods
The clinical study was conducted on horses of either sex referred for 

elective surgical procedures warranting general anesthesia as approved 
by the Dean of Clinics and The Dean, Faculty of Veterinary Sciences, 
Tamil Nadu Veterinary and Animal Sciences University, India. On 
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admission, the horses were subjected to pre-operative check-up that 
included physiological observations, complete hematology, and serum 
biochemical analysis. The American Society of Anesthesiologists (ASA) 
classification [7] was followed to categorize the health status of the 
horses. The 12 horses selected on basis of ASA 1 status were randomly 
allotted to group I and group II each consisting of 6 horses. The feed 
was withheld for 12 hours but not water prior to anesthesia [8]. All 
the trials were conducted in the forenoon to avoid diurnal variations. 
All the horses in group I and II were pre-medicated with butorphanol 
(0.01 mg/kg BW) intravenously. After 20 minutes, group I horses were 
administered with dexmedetomidine (5.00 µg/kg BW) intravenously 
followed by acepromazine (0.03 mg/kg BW) intravenously 15 minutes 
later. Group II horses were administered with xylazine (1.10 mg/kg 
BW) intravenously 20 minutes after the administration of butorphanol. 
At peak sedation, the horses were induced with a mixture of ketamine 
hydrochloride and midazolam, administered intravenously at the dose 
rate of 2.00 and 0.05 mg/kg body weight respectively in group I horses 
and ketamine alone at a dose rate of 2.20 mg/kg in group II horses. 
Further maintenance was carried out with the same combinations in 
the respective groups of horses.

Plasma cortisol level was assessed pre-operatively, intra-
operatively, post-operatively and after 24 hours of surgery, 2nd, 4th and 
6th postoperative days. The plasma cortisol estimation was analyzed 
based on direct immune enzymatic method and values were estimated 
in ng/dl [9-11]. Stress leukogram was assessed pre-operatively, intra-
operatively, post-operatively and after 24 hours of surgery, 2nd, 4th and 
6th postoperative days. The mean total leukocyte count (thousand/mm3) 
and differential count (%) were estimated by auto-hemolyser [12].

Equine peripheral HSC/progenitor cell mobilization/MSC

Peripheral HSCs/progenitor cells and MSCs mobility parameters 
were assessed pre-operatively, intra-operatively and postoperatively 
after 6 days of surgery. 5 ml of blood was collected in Ethylene-
Diamine-Tetra-Acetic-acid (EDTA) vial from the cannulated jugular 
vein of horses. The collected blood was diluted with equal parts (1:1) 
of Phosphate Buffer Solution (PBS) and gently mixed [13]. To 4 ml of 
ficoll medium, the diluted blood was gently overlaid and centrifuged 
at 1600 rpm for 20 minutes. From the layered blood, buffy coat was 
gently isolated with a sterile pipette and transferred to a sterile Falcon 
tube which was then centrifuged at 1200 rpm for 10 minutes. The 
supernatant was discarded and the pellet was dissolved in 5 ml of PBS 
and was centrifuged at 1200 rpm for 15 minutes. This process was 
repeated till all the red blood cells were washed off to obtain a clear 
white pellet. 20 µL of the cell suspension was mixed with 20 µL of trypan 
blue stain and cells were enumerated (minimum concentration of 1 to 
5 × 106 cells/ml) and checked for viability [14]. The cells were frozen at 
a concentration of 2 × 106 cells by re-suspending in a cryo-preservation 
medium (90% FBS and 10% dimethyl sulfoxide) decreasing at the rate 
of -1°C until -80°C; at this temperature, cells were held for 1 week and 
then transferred to a liquid nitrogen tank for long-term storage. For 
thawing, the cryovials with ePB-HSC were placed in a 37°C water bath 
for 1 to 2 minutes and then centrifuged at 1600 g for 10 minutes and 
washed with non-inductive medium to eliminate dimethyl sulfoxide, 
20 µl of the cell suspension was mixed with 20 µl of trypan blue 
stain and cells were enumerated using a hemocytometer (minimum 
concentration of 1 to 5 × 106 cells/ml) and checked for viability [15-17].

Flow cytometry protocol

The flow cytometry (Bio-rad, USA) protocol required the 
adjustment of cell concentration in cell suspension to 1 to 5 × 106 cells/

ml to which 2 ml of 0.5% PBS with Bovine Serum Albumin (blocking 
buffer) was added and was gently shaken and centrifuged at 1500 to 
2000 rpm for 5 minutes. The supernatant was discarded and the cells 
were fixed with 1.00 ml of 2 to 4% paraformaldehyde (fixing buffer) 
and incubated at room temperature for 10 minutes. Centrifuged at 
1500 to 2000 rpm for 5 minutes and washed cells once with 1.00 ml 
blocking buffer and centrifuged. The supernatant was discarded and 
1 ml of pre-cooled 90% methanol (penetrating buffer) was added and 
incubated at the room temperature for 10 minutes. Centrifuged at 1500 
to 2000 rpm for 5 minutes and washed with 2 ml of blocking buffer and 
centrifuged. The cells were incubated in blocking buffer for 30 minutes 
at room temperature and primary antibody at 0.025 mg/ml was added 
and incubated for 90 minutes at room temperature (CD34 positive 
for HSC and CD105 positive for MSC). Centrifuged at 1500 to 2000 
rpm for 5 minutes and washed once with 2 ml of blocking buffer and 
centrifuged again under the same condition. The cells were incubated 
with FITC-conjugated secondary antibodies for 40 minutes at room 
temperature and centrifuged at 1500 to 2000 rpm for 5 minutes, then 
washed once with 2 ml of blocking buffer and centrifuged at the same 
condition. To the re-suspended cells, 1.00 ml of PBS was added and 
analyzed on the flow cytometer [15,16,18]. The data obtained were 
statistically analyzed using completely randomized block design and 
one way ANOVA was used to compare the means of the parametric 
values. Differences between the data were considered significant when 
P<0.05. The statistical analysis was done using SPSS 17 software.

Results and Discussion 
Plasma cortisol level was assessed pre-operatively, intra-operatively, 

post-operatively and after 12 hours of surgery and the statistical analysis 
revealed no significant difference between both the groups of horses 
(Table 1) but uniformly, highly significant increase could be observed 
following sedation and declined to normal on 6th postoperative day. The 
stress response to surgery and anesthesia was characterized by increased 
secretion of the pituitary hormones and the activation of the sympathetic 
nervous system. The changes in the pituitary hormones secretion had 
a secondary effect on hormone secreted from target organs-released 
corticotropin from the pituitary stimulated cortisol secretion from 
adrenal cortex [19]. The present study showed a significant increase 
in the plasma cortisol value during the post-operative period in horses 
that were pre-medicated with xylazine-butorphanol, induced and 
maintained with ketamine alone when compared with horses that were 
pre-medicated with dexmedetomidine-acepromazine-butorphanol, 
induced and maintained with ketamine-midazolam which concurred 
with the findings of Prunier, et al. [20], Carroll, et al. [21], Prunier, et al. 
[22] and Moya, et al. [23] who opined that it was due to the activation 
of the hypothalamic-pituitary-adrenal axis and also due to xylazine 
and ketamine anesthesia which was attributed to decreased breakdown 
of plasma cortisol caused by reduction in hepatic blood flow during 
surgery and therefore elevated the plasma half-life of cortisol [11,24-
28]. The gradual decrease in plasma cortisol level in the post-operative 
period and return near to base value after a week could be attributed 
the use of analgesics. The findings of the current study concurred with 
Davis, et al. [3], Nogueira, et al. [26], Roth, et al. [29], Robertson, et al. 
[30] and Montane, et al. [31].

Total leukocyte count (thousands/mm3) values pre-operatively, 
after sedation, after recovery, after 24 hours, 2nd, 4th and 6th day were 
recorded in group I and II and were analyzed (Table 1). Statistical 
analysis revealed no significant difference between both the groups 
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of horses. Total lymphocyte count (%) values pre-operatively, after 
sedation, after recovery, after 24 hours were recorded in group I and II 
and were analyzed (Table 1). Statistical analysis revealed a significant 
decrease (P<0.05) in the lymphocytic values during the post-operative 
period in both the groups of horses. The values increased but returned 
to base values after recovery and no significant variation was evident 
between the groups. Total neutrophil count (%) values pre-operatively, 
after sedation, after recovery, after 24 hours, 2nd, 4th and 6th day were 
recorded in group I and II and were analyzed (Table 1). Statistical 
analysis revealed a significant increase (P<0.05) in the neutrophil 
values in post-operative period in horses that were pre-medicated with 
xylazine-butorphanol, induced and maintained with ketamine when 
compared with horses that were pre-medicated with dexmedetomidine-
acepromazine-butorphanol, induced and maintained with ketamine-
midazolam. Total eosinophil count (%) values pre-operatively, after 
sedation, after recovery, after 24 hours, 2nd, 4th and 6th day were recorded 
in group I and II and were analyzed (Table 1). Statistical analysis 
revealed no significant difference between both the groups of horses. 
Total monocyte count (%) values pre-operatively, after sedation, after 
recovery, after 24 hours, 2nd, 4th and 6th day were recorded in group I and 
II and were analyzed (Table 1). Statistical analysis revealed a significant 
increase (P<0.05) in the monocyte count during the post-operative 
period in horses that were pre-medicated with xylazine-butorphanol, 
induced and maintained with ketamine when compared with horses 
that were pre-medicated with dexmedetomidine-acepromazine-
butorphanol, induced and maintained with ketamine-midazolam. The 
present study revealed neutrophilia after pre-medication in both the 
groups followed by lymphocytopenia, eosinopenia and monocytosis 
as stimulating the “classical stress response”. However, the values 

returned to the base value after 2 to 4 days in the post-operative period. 
The change in the pattern of the differential count in terms of stress 
leukogram was marked when the horses were induced and maintained 
with ketamine alone. The findings of the present study concurred with 
Sankar, et al. [32], Malik, et al. [33] and Malik, et al. [34]. Stress-induced  
alteration in endocrine function could lead to a delay in wound healing, 
immune suppression and stress leukogram [35]. Membrane-bound 
SCF shed and release due to activation of neutrophils and osteoclasts in 
stress apart from HSC proliferation; VLA-4 and P/E selectins adhesive 
molecules either get activated or degraded [36].

The calculated mean mononuclear cells harvested from 1 ml of 
peripheral blood ranged from 2.33 ± 1.16 to 2.96 ± 0.95 in both the 
groups: pre-anesthesia, during anesthesia and post-anesthesia and the 
cells were subjected to flow cytometry analysis. The mean percentage 
of CD34 and CD105 positive cells in pre-anesthesia, during anesthesia 
and post-anesthesia, were recorded in group I and II and were analyzed 
(Table 2). Perusal of mean revealed a significant increase in CD34 
positive cells in both the groups on 6th postoperative day and revealed 
no significant increase in CD105 positive cells in both the groups 
(Figure 1). Equine peripheral blood stem cells were a good source of 
stem cells because of low invasivity, ease of harvest and low pain levels 
involving in harvesting procedure [14]. The stem cells harvested from 
peripheral blood could be used for stem cell-based therapy in equines.

The influence of anesthesia-induced stress and hypoxia on the 
mobilization of HSCs were not studied. Peripheral blood stem cells 
were harvested and the authors used CD34 as a positive marker for 
HSCs and CD105 as a positive marker for MSCs [36]. The mean 

Parameter Group Pre-operative After sedation After recovery After 24 hours 2nd day 4th day 6th day f-value
TLC 
(Thousands/
cumm)

I 7775.00 ± 445.83 8016.67 ± 415.06 8300.00 ± 429.73 8448.33 ± 419.14 8458.33 ± 394.21 8450.00 ± 450.18 8573.33 ± 450.94
0.770NS

II 7758.33 ± 416.82 6882.83 ± 1284.33 8283.33 ± 411.84 8450.00 ± 394.76 8516.67 ± 384.42 8208.33 ± 250.47 8278.33 ± 234.67

L (%)
I 26.50bc ± 0.34 25.50a ± 0.34 26.50a ± 3.42 25.83ab ± 0.70 25.33a ± 0.33 24.67a ± 0.33 22.83a ± 0.48

1.493*
II 27.17c ± 0.80 26.17b ± 0.60 25.50a ± 0.22 25.17a ± 0.60 24.67a ± 0.33 24.33a ± 0.42 22.50a ± 0.88

N (%)
I 70.17a ± 0.17 71.17b ± 0.17 71.33b ± 0.33 71.17b ± 0.54 71.67bc ± 0.21 72.33de ± 0.33 73.00ef ± 0.00

4.766*
II 69.50a ± 0.50 70.67bc ± 0.33 71.50b ± 0.22 71.50b ± 0.43 71.00b ± 0.73 72.00cd ± 0.58 73.33f ± 0.99

E (%)
I 2.00cd ± 0.00 2.00cd ± 0.00 1.00a ± 0.00 1.50ab ± 0.22 1.83bc ± 0.17 1.67b ± 0.21 1.33a ± 0.21

3.604NS

II 1.50a ± 0.22 1.50a ± 0.34 1.00a ± 0.00 1.67b ± 0.42 2.00cd ± 0.00 2.00cd ± 0.00 2.17d ± 0.17

M (%)
I 1.33a ± 0.21 1.33a ± 0.21 1.17a ± 0.17 1.67ab ± 0.21 1.17a ± 0.17 1.33a ± 0.21 1.00a ± 0.00

4.177NSII 1.83bc ± 0.17 1.67ab ± 0.21 2.00c ± 0.00 1.67ab ± 0.21 2.67d ± 0.21 1.67ab ± 0.21 2.00c ± 0.45
II 251.67 ± 14.24 272.50 ± 16.67 274.00 ± 17.22 262.50 ± 16.52 258.67 ± 16.67 259.17 ± 16.67 205.17 ± 34.40

Plasma 
Cortisol (Ng/dl)

I 16.22 ± 1.84 124.00 ± 5.48 108.17 ± 3.62 89.33 ± 3.01 56.97 ± 4.74 39.87 ± 3.29 27.25 ± 5.29
0.850NS

II 18.15 ± 1.12 115.83 ± 6.34 130.67 ± 6.15 113.33 ± 7.60 85.30 ± 8.89 68.40 ± 8.00 36.06 ± 2.33
Means bearing different superscripts differ significantly

*Significant at <0.05; **Significant at <0.01; NS-Non-Significant

Table 1: Mean ± S.E. Leukogram and serum bio-chemical parameters in group I and II.

S. No. Details
Group I Group II

PA DA PoA PA DA PoA
1. Volume of blood collected (ml) 5.00 ± 00 5.00 ± 00 5.00 ± 00 5.00 ± 00 5.00 ± 00 5.00 ± 00
2. Total Leukocyte Count ( × 103/cumm) 7.77 ± 445.83 8.26 ± 357.52 8.57 ± 450.94 7.75 ± 416.82 7.95 ± 398.57 8.27 ± 234.67
3. Calculated Mono nuclear cells in 1 ml of blood × 106 2.33 ± 1.16 2.47 ± 1.21 2.57 ± 1.29 2.96 ± 0.95 2.38 ± 1.01 2.48 ± 1.25
 Flow cytometer
4. No. of cells subjected to analysis × 103 8.06 ± 1.22 10.19 ± 0.56 10.00 ± 00 8.50 ± 0.56 10.00 ± 0.57 10.16 ± 0.40
5. CD34+ % 0.13 ± 00 0.31 ± 0.02 0.64 ± 0.03 0.12 ± 00 0.30 ± 0.01 0.70 ± 0.03
6. CD105+ % 0.01 ± 00 0.01 ± 00 0.02 ± 00 0.01 ± 00 0.01 ± 00 0.03 ± 00

PA-Pre-Anesthetic; DA-During Anesthesia; PoA-Post-Anesthesia

Table 2: Mean ± S.E. of peripheral blood stem cells positive for CD34 and CD105 markers analysed by flow cytometer in group I and II.
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percentage of CD34 positive cells did not show any significant increase 
in both the groups during anesthesia from that of pre-anesthesia. 
However, the CD34 positive cells increased on the 6th postoperative 
day. The mean percentage of CD105 positive cells did not show any 
significant increase throughout the study. The mean percentage of 
CD34 positive cells was highest on the 6th postoperative day which 
could be due to the influence of the mobilization of HSCs and the 
reason could be attributed to the inactivation of the chemokine Stromal 
Cell-Derived Factor-1 (SDF-1) CXCL12, interleukin-8 (IL-8)/CXCL8 
along with the proteolytic activity of elastase, cathepsin G, proteinase 
3, CD26 and metalloproteinase (MMP)-2 and 9 which disrupt the SDF-
1/CXCR 4 axis resulting in HSCs release [37]. The pattern of increase 
was comparable with post-exercise induced stem cell mobilization 
[13]. Though the insult of hypoxia and stress was reflected in terms of 
plasma cortisol and stress leukogram during anesthesia and surgery; 
mobilization of CD34 positive HSCs was noticed only during post-
operative tissue reparative process or healing period irrespective of the 
anesthetic regimens.

Conclusion
The present study revealed that the magnitude of stress response 

was higher in terms of stress leukogram and plasma cortisol level in 
horses undergone induction and maintenance with ketamine alone 
when compared with ketamine and midazolam and uniformly the 
stress parameters elevated following sedation. The percentage of cells 
expressing CD34 marker increased only on the 6th postoperative 
day in both the regimens and cells expressing CD105 did not show 
any variation revealing mobilization of HSCs occurred only during 
reparative and healing process; rather than as a response to stress. All 
the animals were subjected to anesthesia and surgery, hence could 
not be definitely be concluded that whether the mobility of HSCs was 
associated with post-anesthetic stress or post-surgical stress and it 
would be more appropriate to conclude that the mobilization of HSCs 
could be due to the reparative process towards the tissue insult caused 
by surgery.
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