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ABSTRACT 

The aim of the present study is to investigate the possible effects of acute blood loss (1% of body 
weight) on electrocardiogram (ECG) in male and female Swiss albino mice. Anesthesia was 
maintained with the ketamine-xylazine combination. The tail was cut using a scalpel blade and 
blood at a ratio of 1% body weight was collected in capillary tubes. ECG recording was done by 
using the standard lead II. P and T waves, intervals of PQ, QT, and RR, and QRS complex were 
measured after all ECG was recorded. The amplitude of P and QRS waves were significantly higher 
in males than that of females (P<0.005, P<0.05 respectively). PR intervals were also longer in 
male mice than those of females (P<0,001). Neither blood removal nor anesthesia affected the 
amplitude of the QRS complex in any gender. The duration of the QRS complex was longer in 
males than females in both groups (P<0,01). Blood removal led to a reduction in the duration of 
the QRS complex in male mice (P<0.01). Anesthesia caused the prolongation of the QT and QTc in 
all groups (P<0,001, P<0,05 respectively). Females had longer QT interval compared to male 
groups (P<0,05) and blood removal caused prolongation of the QT period in females (P<0,05). An 
acute blood loss of 1% of body weight in male mice led to a reduction in heart rate, whereas 
prolongation of the QT interval in female mice. It was concluded that gender is an important 
factor in terms of blood-loss associated ECG alterations. 
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Introduction 

Blood collection is required for performing 
hematological, biochemical, pharmacologic, and 
toxicological analyses (Raabe et al., 2011). The blood 
collection method depends on type of the analyses 
and duration and frequency of sampling (Gargiulo et 
al., 2012). Blood sampling procedures affect the data 
collected from a study conducted in smaller laboratory 
animals. The amount and frequency of blood collected 
have adverse effect on animals such as 
immunosuppression, reduction in blood pressure, 
anemia, hemorrhagic shock, or mortality (Xu et al., 
2007). A typical rule is to not exceed removal of 10% 

of total blood volume (roughly 1% of body weight or 8 
mL/kg) for every 2-week period (Gargiulo et al., 2012). 
The minor blood losses may be asymptomatic in 
animals. Loss of about 10% or less of the total blood 
volume causes baroreceptor-initiated reflexes which 
leads further release of adrenergics from the adrenal 
medulla and sympathetic nerve endings, which causes 
an increase in heart rate and construction in veins, 
venous reservoirs, and arteriolar beds in muscle and 
skin (McGuill & Rowan, 1989). The cardiac functions 
determined by electrocardiogram under anesthesia 
are found to be usually depressed compared with the 
cardiac functions found in the conscious state. The 
ideal drug must be safe and simple to use and induce  
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reproducible sedation and immobility without causing 
any changes in cardiac function and heart rate (Lairez 
et al., 2013). The combination of ketamine and 
xylazine is popular for inducing anesthesia in many 
species including mice. This combination has some 
advantages such as to provide single injection, easier 
animal handling, well-controlled anesthetic depth and 
duration, and fewer side-effects after being awoken 
(Xu et al., 2007). However, previous studies have 
shown that lowered heart rate (HR), depressed 
contractile function, loss of animals with overt heart 
disease and functional instability may occur  (Roth et 
al., 2002; Tan et al., 2003). 
 This study aimed to determine the effects of 
maximum amount of blood that can be taken at once 
without causing any adverse effects on the ECG in 
male and female mice.  

Materials and methods 
Animals 
The study was approved by Adnan Menderes 
University Local Ethics Committee for Animal 
Experiments (Protocol number: 2010-60). A total of 28 
Swiss Albino mice of both sexes, six months of age, 
were randomly divided into four groups of equal size: 
males and females from which blood were taken and 
control group of males and females. Mice were 
housed in the same room with a 12:12 h. light/dark 
cycle at a 22 ± 1 °C temperature and relative humidity 
of 40–50%. The mice were then allowed ad libitum 
access to water and standard laboratory rodent chow. 
Anesthesia was maintained by intraperitoneally 
injected ketamine-xylazine combination (ketamine (80 
mg/kg, Alfamine, xylazine; 10 mg/kg, Alfazyne, EGE-
VET®, Turkey). The induction of anesthesia was 
controlled by the loss of righting reflex. Depth of 
anesthesia was determined by checking the pedal 
withdrawal reflex. Mice were then laid down on their 
back immediately after having achieved anesthesia 
and placed on heating pads to maintain their body 
temperature at 37°C. The tail (1 cm from distal) was 
quickly cut by using a scalpel. Blood was collected at a 
ratio of 1% of body weight in capillary tubes.  
ECG Recording 
After the blood collection, bleeding was stopped by 
applying pressure to the bleeding area. ECG 
recordings were done using MP30 data acquisition 
system (BIOPAC®, USA) at a rate of 2 kHz and the data 
were collected in a personal computer until being 
analyzed. The standard lead II was used to record ECG. 
Bipolar surface electrodes (EL254S, EL254 BIOPAC®, 
USA) were placed on the right forelimb and on each 
hindlimb. The electrodes were then gently connected 

to the MP30 data acquisition system by using the ECG 
gel. ECG recording continued throughout the 
anesthesia. Recordings were analyzed by using 
BIOPAC BSL 3.7.2 program, a software for MP30 data 
acquisition system. All ECG frontal axis (P and QRS) 
and time intervals (PR, QRS, QT and RR) were 
calculated from each mouse in lead II. The QT 
intervals were also rate-corrected with adapted 
Bazett's formula (Mitchell et al., 1998).  
Statistical Analyses 
Data were presented as mean and standard error of 
the mean. Shapiro-Wilk and Levene tests were used 
for normal distribution of the data and homogeneity 
of variance. Data were analyzed by using SPSS 19.0 
(IBM®, USA) software package. Repeated measures 
performed by three-way ANOVA were conducted to 
evaluate the effects of anesthesia, gender and blood 
loss. Post hoc multiple comparisons were done when 
any intervention are significant. The significance level 
was set at p<0.05.  

Results 
Results are shown in Table 1. It was found that the 
anesthesia led to a reduction in heart rate (P<0.01), 
which was more distinct in males compared to 
females (P<0.05). Furthermore, blood removal 
affected males more than females (P<0.001) in the 
first 10 minutes after onset of the blood collection. P 
wave amplitudes were lower in female mice than 
those of males for both study and control groups 
(P<0.01). The durations of P wave were not different 
in all groups. PR interval did not change by time and 
blood loss did not have any gender effect on PR 
interval. However, females had shorter PR interval 
than males in both the group from whose members 
blood were collected and in the control group 
(P<0.01). The amplitude of the QRS complex was 
higher in males than females (P<0.05). Neither blood 
removal nor anesthesia affected the amplitude of the 
QRS complex in any gender. The duration of the QRS 
complex was longer in males than females in both 
groups (P<0.001). Anesthesia affected the duration of 
the QRS complex in male and female mice (P<0.001). 
Blood removal led to a reduction in the duration of 
the QRS complex in male mice (P<0.001). Anesthesia 
caused the prolongation of the QT and QTc in all 
groups (p<0.001, P<0.05, respectively). Females had 
longer QT interval compared to male groups (P<0.05) 
and blood removal caused prolongation of the QT 
period in females (P<0.05). Any clear and separate T 
wave could be reliably distinguished from almost any 
ECG recordings.  
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Table 1. ECG parameters in mice 

Variables 
Time 
(min) 

Groups 

Experiment Control 

Female Male Female Male 

P Wave Amplitude 

(μV) 

0 4.05 ± 0,61 6.76 ± 0.57 4.59 ± 1.06b 10.78 ± 1.99b 

10 2.67 ± 0.19 7.22 ± 0.70 4.33 ± 0.67b 9.67 ± 1.59b 

20 4.59 ± 1.36 5.98 ± 0.81 4.16 ± 0.50b 9.62 ± 1.48b 

30 2.34 ± 0.32a 8.15 ± 0.76a 4.61 ± 0.67b 8.81 ± 1.07b 

40 2.25 ± 0.39a 7.91 ± 0.90a 4.18 ± 0.68 8.14 ± 1.12 

P Wave Duration 

(msec) 

0 34.53 ± 1.10 39.64 ± 1.45 35.19 ± 0.96 39.83 ± 2.35 

10 36.29 ± 0.60 39.56 ± 1.43 42.97 ± 1.12 41.58 ± 1.21 

20 42.62 ± 0.99 39.07 ± 1.50 35.14 ± 2.01 42.17 ± 2.09 

30 38.50 ± 3.58 37.36 ± 1.82 37.10 ± 3.08 43.36 ± 3.12 

40 39.96 ± 2.59 40.58 ± 1.82 40.14 ± 2.05 38.07 ± 2.25 

QRS 

Amplitude 

(μV) 

0 47.04 ± 3.23a 67.91 ± 6.20a 40.02 ± 3.29b 79.55 ± 7.78b 

10 45.81 ± 3.40a 68.64 ± 4.96a 39.47 ± 2.55b 82.68 ± 8.27b 

20 47.18 ± 2.79a 68.90 ± 5.20a 40.79 ± 3.20b 84.60 ± 8.31b 

30 44.00 ± 3.25a 79.10 ± 2.60a 39.17 ± 3.91b 86.83 ± 8.86b 

40 43.53 ± 3.32a 67.64 ± 5.60a 40.51 ± 3.86b 89.86 ± 8.25b 

QRS Duration 

(msec) 

0 43.43 ± 1.19 47.21 ± 2.26c 43.83 ± 0.78b 61.02 ± 3.39bc 

10 41.57 ± 1.86 51.96 ± 4.87c 45.67 ± 2.63b 55.04 ± 1.44bc 

20 41.79 ± 1.29a 58.80 ± 4.18ac 43.83 ± 3.53b 68.89 ± 3.65bc 

30 44.71 ± 2.10a 63.86 ± 2.91ac 46.15 ± 2.90b 72.60 ± 2.42bc 

40 44.29 ± 1.15 54.12 ± 1.71c 45.10 ± 4.40b 79.78 ± 3.88bc 

Heart Rate 

(BPM) 

0 266.1 ± 16.3 189.1 ± 21.4b 288.2 ± 25.7 292.6 ± 22.3b 

10 236.6 ± 12.4a 126.5 ± 8.3ab 211.3 ± 6.7 198.1 ± 12.5b 

20 221.9 ± 10.8a 108.3 ± 7.5ab 229.0 ± 8.1c 154.6 ± 10.4bc 

30 210.9 ± 11.0a 133.3 ± 21.1a 214.17 ± 6.4c 125.7 ± 8.9c 

40 215.3 ± 10.6a 128.8 ± 22.8a 239.67 ± 12.0c 111.7 ± 7.2c 

PR Interval 

(msec) 

0 35.03± 0.99a  46.83 ± 1.37a 37.14 ± 0.91b 45.50 ± 1.50b 

10 34.90 ± 0.93a 51.50 ± 2.36a 43.37 ± 1.67 44.59 ± 1.81 

20 46.05 ± 2.30 45.42 ± 1.26 37.39 ± 2.13b 50.17 ± 2.71b 

30 38.58 ± 3.62a 45.42 ± 2.47a 39.32 ± 1.43b 53.33 ± 2.82b 

40 35.42 ± 1.89a 48.50 ± 2.53a 40.82 ± 2.01b 52.42 ± 2.71b 

QT Interval 

(msec) 

0 146.71 ± 5.66ab 85.33 ± 4.53b 102.75 ± 4.81ac 78.97 ± 4.82c 

10 160.60 ± 2.86ab 82.00 ± 3.07b 102.02 ± 2.52ac 77.33 ± 1.60c 

20 157.92 ± 2.85ab 94.57  ± 5.27b 97.32 ± 3.20a 93.66 ± 3.80 

30 165.66 ± 4.73ab 106.17 ± 6.71b 100.25 ± 4.33a 99.04 ± 3.42 

40 165.43 ± 4.73ab 104.93 ± 1.77b 115.42 ± 2.84ac 98.94 ± 2.88c 

QTc Interval 

(msec) 

0 97.01 ± 2.81 48.04 ± 5.15 71.23 ± 6.27 53.38 ± 3.54 

10 99.15 ± 1.93 37.31 ± 0.82 61.08 ± 1.21 44.35 ± 1.77 

20 95.83 ± 2.82 39.95 ± 2.46 60.24 ± 3.17 47.03 ± 0.83 

30 97.73 ± 2.46 49.27 ± 4.94 59.80 ± 2.42 45.02 ± 1.67 

40 98.52 ± 1.06 50.59 ± 4.05 72.88 ± 2.83 41.39 ± 0.97 

Within rows, means followed by the same letter are significantly different (P< 0.05) 
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Discussion 

Clinical and experimental studies have shown that 
gender is an important factor in cardiac 
electrophysiology in human and various animal 
species (Cheng, 2006). The differences in the ECG 
between men and women are that the P-wave and P-
R intervals are slightly longer in men than in women. 
Women have higher resting heart rate than men do, 
but a longer rate-corrected QT (QTc) 
interval, indicating that there is intrinsic sex-related 
differences in the electrophysiological properties of 
the myocardium (James et al., 2007). 
 At the beginning of the adolescence, the resting 
heart rate is faster in males than females (Moss, 
2010). However, some previous animal studies 
speculated that cardiac electrophysiological 
properties between male and female mice were 
generally similar (Appleton et al., 2004; Berul et al., 
1998). We observed that the combination of ketamine
-xylazine decreased the heart rate throughout the 
anesthesia in all groups. Different types of sedation 
and different doses of ketamine-xylazine combination 
cause variation on heart rates (Appleton et al., 2004; 
Erhardt et al., 1984; Mitchell et al., 1998; Roth et al., 
2002; Stypmann, 2007). Xylazine (5-10 mg/kg ip) 
induces sedation, but it seems to have little analgesic 
effect when used alone in mice. The combination of 
ketamine (80-100 mg/kg ip) and xylazine (10 mg/kg ip) 
gives about 20-30 minutes of anesthesia (Flecknell, 
2009). However, respiratory depression, reduction in 
heart rate and blood pressure might also be seen 
(Erhardt et al., 1984). Ketamine exerts negative 
inotropic effects on the heart (Rusy et al., 1990) and 
inhibits both Na+ and Ca++ channels (Hara et al., 
1998). In our study, the heart rate was found lower 
compared to the studies mentioned above. This 
difference in the heart rate may depend on age, size 
and strain of the mice studied, and inter-strain 
differences in response to anesthesia and the 
anesthetic regimens used (Gargiulo et al., 2012). The 
male mice from which blood was withdrawn had a low 
heart rate in the first 20 minutes of the experiment. 
There is an initial arterial baroreceptor-mediated 
phase in acute blood loss (phase I, until 25–35% of 
blood volume is lost) characterized by a 
sympathoexcitatory response, resulting in 
maintenance of arterial blood pressure at baseline 
levels (Ryan et al., 2012; Schadt & Ludbrook, 1991). 
The hypotensive hemorrhage induces a short-lasting 
sympathetic excitation followed by a powerful 
sympathetic inhibition and bradycardia within 5-10 

minutes in rats (Skoog et al., 1985). Slowing down of 
the heart rate when action potential is prolonged may 
lead to an increase in early afterdepolarization, which 
may trigger polymorphic ventricular tachyarrhythmias 
such as torsade de pointes (Jeron et al., 2000). 
 The amplitude and interval of P wave did not 
change during anesthesia and after blood withdrawal 
in the present study. We found that P wave duration 
of our mice was not similar to other studies conducted 
with the other mouse strains (Appleton et al., 2004). 
In human, duration of the P wave has been reported 
to be slightly longer in men than that of women and 
this gender difference may be related to smaller atrial 
size in women compared to men (Dhala et al., 2002). 
 In human, the QT and the QTc interval are longer 
and the amplitude and duration of QRS are larger in 
men than that of women at the beginning of the 
adolescence (Moss, 2010). The amplitude and 
duration of QRS are higher and longer, respectively, in 
male mice than those of females in present study. In 
human, the androgens and androgen-mediated 
increase in cardiac mass and left ventricular wall 
thickness cause larger QRS amplitude in males than 
females (Sachin Khane & Surdi, 2012). Blood 
withdrawal resulted in a reduction in the duration of 
the QRS complex in male mice. The cardiac K+ 
currents/channels which can be regulated by male sex 
hormones and androgens are the two major 
regulatory factors in cardiac repolarization in mice 
(Brouillette et al., 2003; Brouillette et al., 2005). In our 
analysis, females' QT intervals were longer than those 
of males. Mitchell et al. (1998) reported that ketamine 
anesthesia prolonged the QT interval in mice and this 
effect was for both gender as the QT and QTc interval 
were not different between the male and female 
mice. Speerschneider & Thomsen (2013) suggest the 
QTc interval is not useful in mice because the cardiac 
repolarization in the anaesthetized mouse is 
independent of paced heart rate and thus, this might 
cause overcorrection of the QT interval. 
 A well-defined T wave separated from the QRS is 
absent in murine (Danik et al., 2002).  Although some 
important differences have been described, 
morphologically, M cells look similar to epicardial and 
endocardial cells, but functionally, they are more 
similar to Purkinje cells (Yan et al., 1998). M cells seem 
like absent in mouse, which makes the magnitude of 
the transmural repolarization gradient significantly 
smaller, eventually leading to the absence of a T wave 
in the murine ECG (Liu et al., 2004). 
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In conclusion, as reported in previous studies, there is 
a gender difference for electrocardiographic 
parameters in anesthetized mice. In addition, 
anesthesia is an important intervention factor on 
electrocardiogram. Therefore, electrocardiography 
should be performed both during and after onset of 
anesthesia. The effects of an acute blood loss of 1% of 
body weight on electrocardiogram vary depending on 
gender. It should be considered that blood sampling 
within the acceptable upper limits may have an effect 
on electrocardiographic variables and gender 
differences might also play another distinct role on 
the electrocardiographic variables. 
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