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ABSTRACT
Background: Low intensity ultrasound (US) has some well-known bio-effects 
which are of great importance to be considered.
Objective: We conducted the present study to investigate the effects of low inten-
sity continuous ultrasound on blood cells count in rat.
Methods: Rats were anesthetized and blood samples were collected before US ex-
posure. Then, they were exposed to US with nominal intensity of 0.2 W/cm2 at fre-
quency of 3 MHz for a period of 10 minutes and this protocol was repeated for 7 days. 
Twenty four hours after the last US exposure, secondary blood samples were collected 
and the changes in blood parameters were evaluated.
Results: Analysis revealed that platelets, hematocrit (HCT) and hemoglobin 
(HGB) were significantly different between experimental and sham groups but no dif-
ference between sham and control groups was observed. The results show that HCT 
and HGB of exposed rats were significantly reduced.
Conclusion: This study shows that low intensity US may lead to side effects for 
hematological parameters such as reduction in the levels of HGB and HCT.
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Introduction

Ultrasound (US) has been shown to have greatly considerable ap-
plications in bio-medicine including surgery, medical imaging, 
physical therapy and cancer therapy [1-4]. In practice, US is 

administered in different types of wave (continuous or pulsed), intensity 
(0.1 to 3 W/cm2), exposure time and frequency (1 to 3 MHz) [5-7]. 

Low-intensity US has some well-known bio-effects such as being ef-
fective on tissue regeneration, bone fracture heeling and bone growth 
[8, 9]. There are two components in the mechanisms of action of US 
producing bio-effects such as (1) heating and (2) cavitation. The levels 
of thermal and mechanical effects are not sole indicators responsible for 
US exposure, but the amount of these effects are currently accepted as 
potential risk estimators [10]. The literature revealed that US can affect 
cell membrane (cell adherence, cell membrane permeability and cell 
proliferation) and activates the signal-transmission pathways resulting 
in gene expression [5, 6, 11-13].
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The expanding use of US in medicine has 

led to increasing demand for more research 
works on the bio-effects of US interaction with 
living cells and tissues. We came up with the 
question whether or not low-intensity US is 
effective on bone marrow hematopoietic cells 
and hematologic parameters. In the literature, 
there are relatively few studies reporting the 
hematopoietic effects of low-intensity US. For 
the treatment of acute muscle injuries, Plentz 
et al. (2008) have concluded that continuous 
US promotes reductions in erythrocytes and 
increases segmented neutrophils and eosino-
phils [14]. Signori et al. (2011) have shown 
that low-intensity pulsed US reduces total leu-
kocyte count and has no effect on the number 
of erythrocytes after acute incisional muscular 
lesion in rats [15]. Moreover, Singnori et al. 
(2014) have reported the effects of continuous  
US (1 MHz, 0.4 W/cm-2) and pulsed US (mode 
20%) on hematological dynamics and plasma 
fibrinogen during the inflammatory phase of 
muscle injury in rats [16]. They have shown 
pulsed US waves present an anti-inflammato-
ry effect due to plasma fibrinogen reduction 
and continuous US waves favor hemorrhage 
due to the reduction of erythrocytes when ap-
plied in the first 72 hours after muscle injury. 
In another study, Zaiki et al. (2013) investi-
gated prenatal ultrasound heating impacts on 
fluctuations in hematological parameters of 
Oryctolagus cuniculus [10]. Their research in-
volved in-vivo experimental model by using 
3rd trimester pregnant Oryctolagus cuniculus 
and exposing them to US exposures (0.13 to 
0.19 W/cm2) for various periods of time. They 
demonstrated that significant differences are 
detected in red blood cell count, hemoglobin 
concentration and also platelet count in new-
born of Oryctolagus cuniculus. 

Considering the clinical importance of bone 
marrow hematopoietic and peripheral circula-
tory cells and, on the other hand, easy access 
and frequent usage of US in clinic, we experi-
mentally investigated the effects of low-inten-
sity continuous US on hematological changes 

in rats. 

Material and Methods
This experimental study was conducted at 

Cellular and Molecular Research Center, Iran 
University of Medical Sciences (IUMS) in ac-
cordance with the rules established for experi-
mental research in animal laboratory by the 
University. Ethical approval was provided by 
the Ethics and Research Committee at IUMS.

Animals
A sample of 15 male Wistar rats weighting 

approximately 300±50 grams were random-
ized into three groups: 1) Group 1 (n=5) under-
went anesthetic procedures and US exposure, 
called experimental group; 2) Group 2 (n=5) 
underwent anesthetic and all other stress-re-
lated procedures but not US exposure, called 
sham group; 3) Group 3 (n=5) underwent no 
any procedure, called control group.

Procedures
A primary one cubic centimeter of blood col-
lection was performed for all subjects two 
days before US exposure in order to stimulate 
the erythrogenesis process. The collections 
were assembled from the right atrium of the 
rats’ hearts. 
To prevent any movement of animals during 
US exposure, both experimental and sham 
groups underwent anesthetic procedures by 
injecting 75mg/kg Ketamin and 14mg/kg Xyl-
azine to each rat. Injections caused an anesthe-
sia of about 20 minutes for each subject and 
were applied five minutes before US exposure.
The right femoral zones of both experimental 
and sham animals were shaved and ultrasonic 
coupling agent was applied. The animals were 
fixed at especially customized apparatus and 
exposed to ultrasound in the last axial maxi-
mum (LAM) of circular therapeutic trans-
ducer with 4 cm2 area operating at 3 MHZ in 
continuous wave mode. Nominal intensity of 
0.2 W/cm2 with intensity ratio of Ipeak/Iaverage = 
3.5 and sonication period of 10 minutes was 
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chosen to avoid local temperature rise of the 
exposed area beyond 2° centigrade. The pro-
cedures were applied once a day for seven 
subsequent days.

Data Collection and Statistical 
Methods

Twenty four hours after the last US expo-
sure, all subjects underwent the secondary and 
final blood sample collection to evaluate the 
hematologic parameters. Samples referred to 
the laboratory of hematology and Red Blood 
Cells (RBC), White Blood Cells (WBC), plate-
lets (PLT), hemoglobin (HGB), hematocrit 
(HCT), Mean Corpuscular Volume (MCV), 
Mean Corpuscular Hemoglobin (MCH) and 
Reticulocyte counts were measured. The data 
are presented as mean ± standard deviation 
(SD).

For data analysis, ANOVA test was used for 
the comparison of WBC, HGB, HCT, MCV, 
MCH and reticulocyte counts across these 
groups. Because of lack of homogeneity of 
variances, Kruskal-Wallis test was performed 
for RBC and PLT. Least Significant Difference 
(LSD) and Games-Howell tests were also used 
as post-test analysis.

Results 
Table 1 shows the effects of low intensity 

US on hematological variables. RBC had a 
reduction of approximately 11% (P value = 
0.013) for experimental rats which were ex-
posed to US, but this parameter did not change 
for sham group. The US exposure significantly 
decreased (P value = 0.032) the level of PLT in 
experimental group in comparison with sham 
and control groups (~ 35 % reduction). HGB 
showed a reduction of 9% (P value = 0.043) in 
the experimental group while the sham group 
has the same HGB as control group. Addition-
ally, there was another significant reduction (~ 
10%) for hematologic variables of experimen-
tal group in comparison with control and sham 
groups and it was HCT (P value = 0.035). 

During our experiments, changes were not 

observed in MCV (P value = 0.894), MCH 
concentration (P value = 0.452), WBC (P val-
ue = 0.894) and in the reticulocyte (P value = 
0. 385).

Additionally, post-test analysis revealed that 
HCT (P value = 0.033) and HGB (P value 
= 0.025) amounts differ significantly across 
sham and experimental groups (table 2). 
Though, RBC and PLT counts showed signifi-
cant difference among three groups, in post-
test analysis none of two-group comparisons 
were significantly different.

Discussions
There are many studies indicating the bio-

effects of US in the literature. For instance, 
studies have indicated that treatment with 
US can promote satellite cell proliferation, 
increase the differentiation of muscle lineage 
cells, achieve collagen supra-molecular myor-
egeneration phase and reduce oxidative stress 
[17-19]. On the other hand, the hematologi-
cal changes due to bone marrow US exposure 
are not well understood according to literature 
review. In fact, there are a few reports indi-
cating the effects of US on hematological pa-
rameters, but the effects of a combination of 
factors including the type of examined tissue, 
the US application (continuous or pulsed), in-
tensity and frequency of treatment must be in-
vestigated [16, 20]. Here, we presented some 
original findings obtained due to low intensity 
continuous US exposure (3 MHz, 0.2 W/cm2) 
to right femoral zone of rats. 

Signori et al. (2014) have studied the effects 
of US (1 MHz, 0.4 W/cm2) in continuous  (ex-
posure time 3 minutes) and pulsed (20%; 2 
ms on and 8 ms off) forms on hematological 
dynamics and plasma fibrinogen during the 
inflammatory phase of muscle injury in rats 
[16]. The data from this study suggested that 
muscle injury treated with US in the pulsed 
form promotes a reduction in plasma fibrino-
gen in the first 24 and 48 hours after muscle in-
jury. However, the continuous form of US in-
duced a reduction in erythrocytes at the 48thh. 
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Moreover, the results of this study showed no 
alterations to WBC. It may be stated that these 
observations and the results of our study that 
evaluated the effects of continuous form of 
US on hematological parameters of rats are in 
good agreement.

In another study published by Signori et al. 
in 2011, hematological effects of low-intensity 
pulsed US (LIPUS) in acute muscular inflam-
mations have been assessed. In this controlled 
laboratory study, 18 male Wistar rats under-
went surgical incision in the biceps femoris 
muscle. Then, 1 MHz US was applied for 
LIPUS group in the pulsed mode for three 
minutes at 1, 8 and 24 hours post-surgery. Al-

though, no difference was detected between 
RBC measures, the results showed a signifi-
cant reduction in total leukocyte count on the 
first day after iatrogenic muscle lesion. LIPUS 
also reduced the number of segmented neutro-
phils at 1 hour post-surgery. The investigators 
concluded that LIPUS reduced aspects of the 
inflammatory process following an acute inci-
sional muscular lesion [15]. 

Plentz et al. (2008) have shown the continu-
ous  US exposure following acute iatrogenic 
muscle injury in rats can produce hematologi-
cal effects described as a reduction in erythro-
cytes and an increase in segmented neutrophils 
and eosinophils [14]. Thermal effect of contin-
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Table 1: Effects of Low Intensity Ultrasound on Hematological Variables.

Hematological 
parameters Groups Mean ±SD Unit Sig. 

RBC
Experimental 6.88E6±6.38E5

Count/µl 0.013*Sham 7.55E6±1.78E5
Control 7.73E6±2.31E5

PLT
Experimental 5.80E5±3.24E5

Count/µl 0.032*Sham 9.24E5±1.31E5
Control 9.01E5±0.95E5

HGB
Experimental 12.56±1.14

g/dL 0.043*Sham 13.86±.62
Control 13.74±.52

HCT
Experimental 35±3.5

% 0.035*Sham 39±1.2
Control 39±3.9

MCV
Experimental 51.75±3.38

fl 0.894Sham 51.86±2.49
Control 51.14 ±1.18

MCH
Experimental 18.25±.84

pg 0.452Sham 18.36±.93
Control 17.76±.47

WBC
Experimental 6833.33±4049.03

Count/µl 0.337Sham 10080.00±2793.20
Control 9520.00±4258.75

Reticulocyte
Experimental 3.71E4±1.74E4

% 0.337Sham 3.04E4±1.61E4
Control 4.88E4±2.69E4
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uous  US was suggested as a possible cause of 
erythrocyte reduction in their study in addition 
to other hemorrhagic effects of US such as ni-
tric oxide release, fibrinolysis and thromboly-
sis. The thermal effect of US was eliminated 
in present study by its design; as a result, the 
hematocrit and erythrocyte reduction in our 
study cannot be attributed to thermal effect. In 
addition, in our work the continuous US ex-
posure was not on the site of initial blood col-
lection; therefore, the hemorrhagic effect of 
US is not an acceptable explanation. Another 
possible mechanism for justifying their results 
is the probable effect of US exposure on the 
bone marrow of the femor which was under 
the incised biceps femoris muscle. 

Hemoglobin amounts were also assessed 
alongside other hematological factors in the 
present study. Hemoglobin reduction in exper-
imental group and unchanged MCV and MCH 
among groups might suggest a hypoplastic 

anemia in experimental subjects. According 
to unchanged reticulocyte counts across these 
groups, a failing in RBC production might be 
triggered by continuous US exposure and the 
bone marrow seems to be suppressed. More 
histological investigations sound to be needed 
to assess the microscopic alteration of exposed 
bone marrow. Lessened PLT count may also 
propose a rebound reaction as a result of be-
ing suppressed by exposing to continuous US. 
Furthermore, additional experimental studies 
are required to clarify the PLT count and WBC 
count changes due to continuous US exposure.

In conclusion, the findings of this research, 
presenting the hematological harmful effects 
of continuous US, may change our point of 
view in the frequent incautious use of diag-
nostic ultrasound in clinics. On the other hand, 
the new aspects of therapeutic usage of US are 
suggested to be considered.

Acknowledgment
This work was supported by a grant (No. 

15026) from the School of Medicine at Iran 
University of Medical Sciences (IUMS).

Conflict of Interest
Authors declare that they have no conflict of 

interest.

References
 1. Shakeri-Zadeh A, Khoei S, Khoee S, Sharifi AM, 

Shiran MB. Combination of ultrasound and newly 
synthesized magnetic nanocapsules affects the 
temperature profile of CT26 tumors in BALB/c 
mice. J Med Ultrason (2001). 2015;42:9-16. doi.
org/10.1007/s10396-014-0558-4. PubMed PMID: 
26578485. 

 2. Shakeri-Zadeh A, Khoee S, Shiran M-B, Sharifi 
AM, Khoei S. Synergistic effects of magnetic drug 
targeting using a newly developed nanocapsule 
and tumor irradiation by ultrasound on CT26 
tumors in BALB/c mice. Journal of Materials 
Chemistry B. 2015;3:1879-87. doi.org/10.1039/
C4TB01708K.

 3. Shakeri-Zadeh A, Khoei S, Khoee S, Sharifi AM, 
Shiran M-B. Targeted, monitored, and controlled 
chemotherapy: a multimodal nanotechnology-
based approach against cancer. ISRN Nanotech-

Groups P value
TEST: LSD

HGB
Experimental

Sham 0.025
Control 0.039

Sham
Experimental 0.025

Control 0.826

HCT
Experimental

Sham 0.033
Control 0.020

Sham
Experimental 0.033

Control 0.801
TEST: Games-Howell

RBC
Experimental

Sham 0.110
Control 0.048

Sham
Experimental 0.110

Control 0.391

PLT
Experimental

Sham 0.111
Control 0.130

Sham
Experimental 0.111

Control 0.948

Table 2: Results of Post-test Analysis on He-
matologic Variables of Three Groups Consid-
ered in the Study.

199



J Biomed Phys Eng 2016; 6(3)

www.jbpe.orgMehrpour M. et al

nology. 2013;2013.

 4. Jafarian Dehkordi F, Shakeri-Zadeh A, Khoei S, 
Ghadiri H, Shiran M-B. Thermal distribution of ul-
trasound waves in prostate tumor: comparison of 
computational modeling with in vivo experiments. 
ISRN Biomathematics. 2013;2013.

 5. O’Brien WD, Jr. Ultrasound-biophysics mecha-
nisms. Prog Biophys Mol Biol. 2007;93:212-55. 
doi.org/10.1016/j.pbiomolbio.2006.07.010. 
PubMed PMID: 16934858. PubMed PMCID: 
1995002.

 6. Feril LB, Jr., Kondo T. Biological effects of low 
intensity ultrasound: the mechanism involved, 
and its implications on therapy and on biosafety 
of ultrasound. J Radiat Res. 2004;45:479-89. 
doi.org/10.1269/jrr.45.479. PubMed PMID: 
15635256.

 7. Baker KG, Robertson VJ, Duck FA. A review of 
therapeutic ultrasound: biophysical effects. Phys 
Ther. 2001;81:1351-8. PubMed PMID: 11444998.

 8. Mayr E, Frankel V, Ruter A. Ultrasound--an 
alternative healing method for nonunions? Arch 
Orthop Trauma Surg. 2000;120:1-8. PubMed 
PMID: 10653095.

 9. Pilla AA, Mont MA, Nasser PR, Khan SA, Figueire-
do M, Kaufman JJ, et al. Non-invasive low-inten-
sity pulsed ultrasound accelerates bone healing 
in the rabbit. J Orthop Trauma. 1990;4:246-53. 
doi.org/10.1097/00005131-199004030-00002. 
PubMed PMID: 2231120.

 10. Ahmad Zaiki FW, Md Dom S, Abdul Razak HR, 
Hassan HF. Prenatal ultrasound heating impacts 
on fluctuations in haematological analysis of 
Oryctolagus cuniculus. Quant Imaging Med 
Surg. 2013;3:262-8. PubMed PMID: 24273744. 
PubMed PMCID: 3834203.

 11. Leung KS, Cheung WH, Zhang C, Lee KM, Lo 
HK. Low intensity pulsed ultrasound stimu-
lates osteogenic activity of human periosteal 
cells. Clin Orthop Relat Res. 2004:253-9. doi.
org/10.1097/00003086-200401000-00044. 
PubMed PMID: 15043127.

 12. Pohl EE, Rosenfeld EH, Pohl P, Millner R. Effects 
of ultrasound on agglutination and aggregation 
of human erythrocytes in vitro. Ultrasound Med 
Biol. 1995;21:711-9. doi.org/10.1016/0301-
5629(95)00004-B. PubMed PMID: 8525562.

 13. Poliachik SL, Chandler WL, Mourad PD, Ollos RJ, 
Crum LA. Activation, aggregation and adhesion 
of platelets exposed to high-intensity focused 
ultrasound. Ultrasound Med Biol. 2001;27:1567-
76. doi.org/10.1016/S0301-5629(01)00444-6. 
PubMed PMID: 11750756.

 14. Plentz R, Stoffel P, Kolling G, Costa S, Beck 
C, Signori L. Hematological changes produced 
by 1MHz continuous ultrasound, applied dur-
ing the acute phase of iatrogenic muscle injury 
in rats. Brazilian Journal of Physical Therapy. 
2008;12:495-501. doi.org/10.1590/S1413-
35552008005000001.

 15. Signori LU, Costa ST, Neto AF, Pizzolotto RM, 
Beck C, Sbruzzi G, et al. Haematological effect 
of pulsed ultrasound in acute muscular inflam-
mation in rats. Physiotherapy. 2011;97:163-9. 
doi.org/10.1016/j.physio.2010.06.004. PubMed 
PMID: 21497251.

 16. Signori LU, de Oliveira Teixeira A, da Silva AMV, 
da Costa ST, Dipp T, Plentz RDM. Effects of 
therapeutic ultrasound on haematological dynam-
ics and fibrinogen during the inflammatory phase 
after muscle injury in rats. Acta Scientiarum. 
Health Sciences. 2014;36:25-31.

 17. Piedade MC, Galhardo MS, Battlehner CN, Ferreira 
MA, Caldini EG, de Toledo OM. Effect of ultra-
sound therapy on the repair of gastrocnemius 
muscle injury in rats. Ultrasonics. 2008;48:403-
11. doi.org/10.1016/j.ultras.2008.01.009. PubMed 
PMID: 18384832.

 18. Rantanen J, Thorsson O, Wollmer P, Hurme 
T, Kalimo H. Effects of therapeutic ultrasound 
on the regeneration of skeletal myofibers after 
experimental muscle injury. Am J Sports Med. 
1999;27:54-9. PubMed PMID: 9934419. 

 19. Freitas LS, Freitas TP, Silveira PC, Rocha LG, 
Pinho RA, Streck EL. Effect of therapeutic 
pulsed ultrasound on parameters of oxidative 
stress in skeletal muscle after injury. Cell Biol 
Int. 2007;31:482-8. doi.org/10.1016/j.cell-
bi.2006.11.015. PubMed PMID: 17196843.

 20. Karnes JL, Burton HW. Continuous therapeutic 
ultrasound accelerates repair of contraction-
induced skeletal muscle damage in rats. Arch 
Phys Med Rehabil. 2002;83:1-4. doi.org/10.1053/
apmr.2002.26254. PubMed PMID: 11782824.

200


