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Abstract. Introduction. Blood pressure is an important hemodynamic indicator characterizing the state of the
cardiovascular system, which plays an important role in the experimental modeling of pathological conditions
associated with impaired hemodynamics (for example, blood loss or hemorrhagic shock) in biological test systems.
In modern practice, invasive and non-invasive blood pressure measurement methods are used in conducting
research. However, if the objectives of the study include the registration of blood pressure in modeling pathological
conditions associated with impaired hemodynamic processes, such as hemorrhagic shock, then with existing
methods of measuring blood pressure, obtaining accurate, reliable data is often difficult. The aim of the study was
to develop a minimally invasive, continuous method for recording blood pressure in the caudal artery in rats, both
under anesthesia and without it, including without the use of anticoagulants; comparative analysis of various blood
pressure measurement techniques in intact animals, in experimental modeling of hemorrhagic shock. Materials and
methods. 110 male rats, Sprague Dawley, weighing 36020 g were involved in the work. During the experiment, a
minimally invasive method of blood pressure registration was developed, surgical modeling of hemorrhagic shock
was performed, and a comparative analysis of various blood pressure measurement methods was carried out.
The results of the study. It was found that the developed method can be considered accurate and low-traumatic,
allowing fast, continuous blood pressure measurements in real time, both under general anesthesia and without
it, without the use of anticoagulants. The accuracy of measurements does not depend on the nature, complexity
of the experimental study and the general hemodynamic picture of the animal.
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Pe3tome. BeedeHue. ApTepuanbHoe aasneHune (AL) — BaxHbI reMOAMHAMUYecKuii nokasaTerb, XapakTepuayHoLLmii
COCTOSIHUE CepheYHO-COCYANCTON CUCTEMBI, BbIMOMHAIOLLMIA BaXHYIO POfb NPK 3KCNEPUMEHTAIIbHOM MOZENMPOBaHUM
NaTomnorM4Yecknx COCTOSHUIA, CBA3aHHbIX C HapyLUEHWEM reMOANHAMIKY (HanpyUMep, KpOBOMOTEPU MM reMopparyecko-
ro Woka) B 61onornyeckux TecT-cuctemax. B coBpemMeHHo npakTuke npu NpoBeAEHUN UCCNEA0BAHUI MPUMEHSIOTCS
WHBA3MBHbIE U HeWHBa3nBHble MeToabl u3Mepenus ALl OgHako ecnu B 3a4auun UCCNe0BaHNS BXOLUT pernctpauus
A[l npy MoaenMpoBaHMM NATONOrMYECKUX COCTOSIHUI, CBS3aHHbIX C HApYLLIEHWeM NPOLLECCOB reMOLUHaMUKL, TakuX Kak
reMopparmyeckui Lok, TO C CYLLECTBYIOWMMN MeTogaMn u3mepeHns ALl nonyyeHne TOUHbIX, JOCTOBEPHBIX AaHHbIX
3avactylo OblBaeT 3aTpygHuTENbHO. Lenb uccnedogaHus — pa3paboTka ManonHBA3WBHOTO, HEMPEPLIBHOMO METoAa
perucTpaumm Al B XBOCTOBOW apTepUM y KpbiC, Kak Nog aHecTeanei, Tak u 6e3 Hee, B TOM yncne 6e3 Mcnonb30BaHus
aHTUKOArynsHTOB; CPaBHUTESbHbLIN aHaNN3 PasnYHbIX METOANK U3MepeHus ALl Y MHTaKTHBIX XKUBOTHbIX, NPK 3Kcnepu-
MeHTanbHOM MOZenupoBaHu remopparm4eckoro woka. Mamepuanbi u memodsl. K pabote npueneyeHo 110 camuos
kpbic, Sprague Dawley, Becom 360220 r. B npouecce akcnepumeHTa paspaboTaH ManouHBa3VBHbI METOA perncTpawmm
A[l, BbINOMHEHO XMpYprvyeckoe MoAenMpoBaH1e reMoppariyeckoro LWoka, NpoBeeH CPaBHUTENbHBIM aHanN3 pasnuyHbIX
meToauK uamepernst ALl Pesynbmamsi ucciedoeaHusi. YCTaHOBIEHO, YTO pa3paboTaHHbIit METOL MOXHO CYUTaTh TOY-
HbIM 1 ManoTpaBMaTUYHbIM, NO3BOSAKOLLMM BbINOMHATL ObICTPbIE, HeNpepbiBHble 3MepeHus ALl B pexume peanbHoro
BpeMeH, kak nog obLLen aHecTeaven, Tak 1 6e3 Hee, 6€3 NCNONb30BaHUS aHTUKOArynsHTOB. TOYHOCTb U3MEPEHNIA HE
3aBICUT OT XapakTepa, CrIOXHOCTM SKCNEPUMEHTAIBHOTO UCCRea0BaHNs 1 06LLE reMOANHAMUYECKON KAPTUHbI KUBOTHOTO.

KnioueBble cnoBa: apTepuanbHoe AaBreHue, XBOCTOBas BEHTparibHas apTepusi, remopparuyeckuii Wok,

FenapVIHVI3VIPOBaHHbIl7I ¢)VI3VIOJ'IOFI/I‘-I€CKVII7I pacTeop, Buonornyeckas TecT-cuctema

INTRODUCTION

According to generally accepted methods, invasive
measurement of arterial pressure (AP) in rats is carried
out directly in isolated vessels (aorta, femoral or carotid ar-
teries) or in the heart cavity using “liquid” and “non-liquid”
methods [2, 3, 4].

The “liquid” method of recording blood pressure is based
on the placement of a catheter or cannula into a “dedicated”
vessel, connected via a liquid line filled with heparinized
saline to a pressure recording sensor. This system allows
for the most accurate measurement of arterial pressure,
however, under certain conditions (catheter flushing), he-
parinized saline solution can enter the animal’s body, which
in some cases is unacceptable or critical for experimental
research [1-7].

To measure blood pressure using the “non-liquid” me-
thod, a micro pressure sensor is used. It consists of a sensi-
tive sensor part connected to the main unit of the pressure
measurement system, which allows for quick measure-
ments without introducing anticoagulants into the animal’s
body [2, 3].

When registering blood pressure using invasive me-
thods, surgical isolation of a vessel is required.

In turn, among non-invasive methods of measuring
blood pressure, the most widely used is the electroplethys-
mographic (cuff) method associated with the caudal artery
(tail-cuff) of rats. This method is based on the same princip-
le as the measurement of blood pressure in humans by the
Riva-Rocci method [1-3]. Compared to invasive methods,

the Riva-Rocci method does not require anesthesia for ani-
mals, including reuse, although it is less accurate. For ex-
ample, in the hemorrhagic shock (HS) model, with exfusion
of more than 40% of the circulating blood volume (CBV),
blood pressure is not recorded by this method).

Thus, in preclinical practice, the task of finding and de-
veloping a minimally invasive method for recording arterial
pressure in the body of rats remains relevant.

AIM

The aim of our study is to develop a minimally invasive,
continuous method for recording blood pressure in the cau-
dal artery in rats, both with and without anesthesia, without
use of anticoagulants. To provide a comparative analysis
of various methods for measuring blood pressure in intact
animals (without anesthesia and with injection anesthesia),
including experimental modelling of HS.

MATERIALS AND METHODS

Animals. 110 male rats, Sprague Dawley, weighing
360£20 g, SPF category, obtained from the Scientific and
Production Enterprise “Nursery of Laboratory Animals” of
the branch of the Institute of Bioorganic Chemistry of the
Russian Academy of Sciences, Pushchino, were used as
biological test systems in the experiment. The maintenance,
care of animals and experimental modelling were carried
out in accordance with international European bioethical
standards, Russian ethical standards for the maintenance
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and handling of laboratory animals, and the norms and rules
of the “Policy for Working with Animals of JSC GENERIUM”.

Equipment. To record arterial pressure in rats, modules
and sensors of the MP150WSW electrophysiological re-
search apparatus (BIOPAC Systems Inc., USA) were used:

1) minimally invasive and non-liquid methods —

MPMS100 unit and TSD175A micro pressure sensor;

2) cuff method — NIBP200A2 module and RXTCUF-

SENSOR pressure sensor;

3) liquid method — DA100C module and TSD104A in-

vasive pressure sensor.

Study design. The experiment consisted of four stages.

Stage | — The development of a minimally invasive
method for recording blood pressure in the caudal artery in
rats (n=10).

Stage Il — A comparative analysis of various methods
for recording blood pressure in rats without anesthesia:
1) minimally invasive method (n=10); 2) cuff method
(n=10).

Stage Ill — A comparative analysis of various methods
of recording blood pressure in rats with anesthesia (n=40):
1) minimally invasive method (n=10); 2) cuff method (n=10);
3) liquid method (n=10); 4) non-liquid method (n=10).

Stage IV — A comparative analysis of various methods
of recording blood pressure in rats in the HS model (n=40):
1) minimally invasive method (n=10); 2) cuff method (n=10);
3) liquid method (n=10); 4) non-liquid method (n=10).

Stage | — the development of a minimally invasive
method for recording blood pressure in the caudal ar-
tery of rats

The development of this method for recording arterial
pressure in rats is based on the technique of catheterization
of the caudal artery and placement of a micro pressure sen-
sor in the vessel.

To insert a microsensor, an animal was placed in
the spinal position on a heated operating panel (Medi-
heat V500DVsta (PecoServices LTD, UK)) and the cau-
dal artery was visualized by gently massaging the tail.
Next, the caudal artery was catheterized using a periph-
eral intravenous catheter (G24/26 intravenous catheter
(HELMFLON®ptfe, Germany)). The catheter was inserted
into the vessel at an acute angle (~10-15°); when in-
serted correctly, blood appeared in the catheter port. In
this case, the artery was clamped proximal to the punc-
ture site to stop bleeding. Then the needle was removed
from the catheter, a pressure microsensor was inserted
into the lumen of the catheter, after which the clamp was
removed from the artery and blood pressure was recor-
ded (Fig. 1).

Stage Il — a comparative analysis of various me-
thods for recording blood pressure in rats without ane-
sthesia

Recording of blood pressure in the study without anes-
thesia was carried out in rats using both a minimally inva-
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Minimally invasive method of recording blood pressure in the caudal artery in an intact animal without anesthesia: a — technique

of placing a catheter and a pressure sensor into the caudal artery (1 — intravenous catheter; 2— micro pressure sensor TSD175A);
b — schedule of blood pressure registration (1 — systolic blood pressure, mmHg; 2 — diastolic blood pressure, mmHg; 3 —

average blood pressure, mmHg)
Puc. 1.

ManouHBa3uBHbI MeTOA perucTpaummn apTepuanbHOro AaBneHus (Aﬂ) B XBOCTOBOW apTepun Y WHTAKTHOIO XXMBOTHOIrO 6e3 aHe-

CTe3un: a — TeXHMKa NOCTaHOBKM kaTeTepa U MMKpOAaT4YMKa AaBNeHUs B XBOCTOBYH apTepuio (1 — BHYTPMBEHHbIN KaTeTep; 2 —
mukpoaatuuk aaBnenus TSD175A); 6 — rpadomk peructpauun Al (1 — ALl cuctonuyeckoe, Mm pT.cT.; 2 — AJl guacTonmyeckoe,

MM pT.cT.; 3 — Al cpeaHee, MM pT.CT.)
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sive method and a cuff method in the caudal artery area of
the middle third of a tail.

Stage lll — comparative analysis of various methods
for recording blood pressure in rats under anesthesia.

Liquid, non-liquid, and minimally invasive methods were
used to measure blood pressure in rats under anesthesia.

Injectable zoletil-xylazine anesthesia was used for ge-
neral anesthesia when preparing an animal for work.

Femoral artery catheterization was performed when re-
cording blood pressure using non-liquid and liquid methods.

Stage IV — comparative analysis of various methods
for recording blood pressure in rats in the HS model

When recording blood pressure in rats in a HS model,
the researchers performed experimental modelling of he-
morrhagic shock using the «fixed volume» method without
introducing heparinized saline into the body. To perform ex-
fusion, arteriosection of the femoral artery was performed
with subsequent controlled exfusion. The exfusion was
2.8-3.0% of the animal’s weight, which corresponded to
40-50% of the total circulating blood volume. Ringer-Locke
solution was used for reperfusion. Blood pressure was
measured: 1) before exfusion; 2) during exfusion; 3) in the
time interval from exfusion to reperfusion; 4) during reperfu-
sion; 5) 10 minutes after reperfusion.

Minimally invasive, cuff, non-liquid and liquid methods
were used to record blood pressure.

In the HS model, exfusion and measurement of blood
pressure by non-liquid and liquid methods were performed
in one femoral artery, since additional isolation of the se-
cond femoral artery resulted in trauma to the animal and
significantly increased labor costs and time.

Thus, in these variants of blood pressure measurement,
its monitoring was possible only during the periods: 1) du-
ring exfusion (in our case, at 5, 10, 15 and 20 minutes,
which corresponded to 40, 70, 90 and 100% of the calcu-
lated exfusion volume); 2) in the time interval from exfusion
to reperfusion; 3) during and after reperfusion.

Blood pressure recording using the minimally invasive
and cuff method during the HS modeling was performed
continuously.

Statistical processing. The data obtained during the
work were checked for normal distribution. Statistical
analysis included calculation of the mean value, standard
deviation. To compare values, a parametric indicator was
used — Student’s t-test, since the sample corresponded to
the law of normal distribution. Differences were considered
statistically significant at p <0.05. Statistical data processing
was performed using IBM SPSS Statistics (23 v (IBM SPSS
Statistics 23) (IBM Corp., USA)).

RESULTS AND DISCUSSION

During the experiment, a minimally invasive method for
recording arterial pressure in the caudal artery of rats was
developed, and a comparative analysis of blood pressure
with existing methods for recording arterial pressure in in-
tact animals without anesthesia, with anesthesia, and in the
HS model was conducted.

Comparative analysis of various methods of recording
blood pressure in rats with and without anesthesia. No statisti-
cally significant differences were found when recording blood
pressure in animals with and without anesthesia (Table 1).

Comparative analysis of various methods of recording
blood pressure in dynamics during experimental modelling
of HS. The use of the cuff method in the HS model was diffi-
cult, since when exfoliating more than 40% of the calculated
volume, the equipment did not record blood pressure.

The use of the non-liquid method allowed reliable and
accurate measurement of BP throughout the experiment,
but at certain periods: 1) during exfusion (in our case, at
5, 10, 15 and 20 minutes, which corresponded to 40, 70,
90 and 100% of the calculated exfusion volume); 2) in the
time interval from exfusion to reperfusion; 3) during and
after reperfusion. To conduct continuous recording of BP

Table 1

Indicators of average blood pressure in animals without anesthesia and under anesthesia

Tabnuua 1

Mokazatenu cpegHero apTepuanbHOro AaBfieHUsA y XUBOTHbIX 0e3 aHecTe3uu U nop aHecTe3men

MeToabl peructpauun aptepuanbHoro asnexus /

CpenHee apTepuanbHoe AaBreHre, MM pT.CT., X£CT. OTKI. /
Average blood pressure, mmHg, xtstandard deviation

Blood pressure registration methods
0es aHecteann / without anesthesia ¢ aHectesuen / under anesthesia
ManouHBasueHbI MeTog / Minimally invasive method 92,0+7,1 76,527
ManxeToyHbin meTog / The cuff method 91,346,7 72,0+2,7
XugakoctHbiit meTog / The liquid method - 76,3+2,0
beaxwuakocTtHbIn MeTog / The non-liquid method - 81,5+2,2
@ POCCHITCKHE BHOMEJIUIIMHCKUE NCCIETOBAHIA  TOM 9 Nod 2024 ¢ISSN 2658-6576
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Manunynsuum / Manipulations
Fig. 2.  Parameters of the mean pressure in rats in the CS model during registration by various method
Puc.2. Mapametpbl Aflcp y kpbic B Mogenu 'L npu pernctpaunu paanuyHbiMu MeTogamu
Table 2
Parameters of mean blood pressure in rats in a hemorrhagic shock model
Tabnuua 2

MapameTpbI cpeaHero apTepuanbHOro AaBNEHNS Y KPbIC B MOAENM reMopparuieckoro Woka

ALcp, MM pT.CT., X£cT. oTkn. MeTogsl namepenust ALl / Average blood pressure,
MaHv!nynﬂl_J,MM / Bngﬂ, W'H/ " mmHg, xtstandard deviation. Blood pressure measurement methods
Manipulations Time, min MaroVHBA3MBHbIN METOA / | KMOKOCTHbIN MeToh | | Ge3kuaKocTHbIN MeTog /
minimally invasive method the liquid method the non-liquid method
[o akcdpy3um / Before exfusion - - 76,5127 76,3+2,0 81,5+2,2
Oxkcyams / Exfusion 5 40 46,9+2.6 51,6+2,9 47,72 4
10 70 42,3+1,3 43,119 41,6+1,5
15 90 24,7421 26,542,2 251428
20 100 18,0124 18,5+2,9 18,0+2,7
Or akcdhysum o penepdysum / From 30 - 13,2+1,7 - 14,5+1,7
exfusion to reperfusion
Penepdyans / Reperfusion 10 - 25,3+2,3 - 24,8422
15 31,2424 - 32,5+2,7
Mocne penepdyauu / After reperfusion 10 - 26,9+1,8 - 27,4419

lMpumeyaHue: % — NPOLEHT OT pacyeTHOro 0bbema akcdyauu.
Note: % is a percentage of the estimated volume of exfusion.

using this method, additional surgical intervention was re-
quired to isolate another femoral artery.

Recording of blood pressure using the liquid method
was only possible during the exfusion period, since as
the volume of exfusion increased and blood viscosity in-
creased, thrombosis of the catheter occurred, which led to
data distortion.

When recording BP using a minimally invasive method,
continuous monitoring of BP parameters was performed
during the experiment, and correct data were obtained
throughout all stages of the work on the HS model.

The parameters of middle BP in rats in the HS model
when recorded using various methods are shown in Fi-
gure 2 and Table 2.
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CONCLUSION

Thus, the developed minimally invasive method of re-
cording blood pressure, in comparison with generally ac-
cepted methods, has the following characteristics.

1. It is minimally invasive, continuous, does not require
surgical intervention;

2. It allows measurements to be taken on animals, both
with and without general anesthesia;

3. It allows recording blood pressure without the use of
anticoagulants;

4. It allows real-time blood pressure measurements, re-
gardless of the animal’s overall hemodynamic picture.
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AOMNOJIHUTENIbHAA UHOOPMALIUA
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