
ORIGINAL RESEARCH    PATHOPHYSIOLOGY

BULLETIN OF RSMU   1, 2020   VESTNIKRGMU.RU| | 61

Alekseev VV1      , Kade AKh2

THE EFFECT OF ACUTE SOMATIC PAIN ON THE KILLING ACTIVITY OF NEUTROPHILS 
IN NEWBORN RATS

The immune system is subject to all sorts of influences. Pain is one of them, accompanying an organism’s existence. It is essential to be aware of and account 

for age-related characteristics of the innate immunity in order to adequately assess their dynamics in ontogenesis. The literature is scarce on the changes to the 

killing activity of neutrophils occurring in newborns in response to acute pain. The aim of this study was to detect potential changes to the phagocytic activity of 

neutrophils in response to an algogenic stimulus in newborn rats. The experiments were carried out in 3-5-day-old rats. Two groups were formed: the control group 

and the main group, in which acute pain was modelled. Blood samples were collected 2, 30–60 and 120–180 minutes after exposure to the algogenic stimulus. 

The microbicidal activity of neutrophils was measured using a spectrophotometric modification of the spontaneous/stimulated nitroblue tetrazolium (NBT) reduction test. 

The results were compared using the Mann-Whitney U test. In the first hour following pain modeling, the stimulated NBT reduction test demonstrated an increase 

in the measured parameters from 71.5 to 87.4 a.u. (р < 0.001); the spontaneous NBT reduction test showed an increase from 50.7 to 58.6 a.u. (p < 0.01) 30 to 

60 min after exposure. The most pronounced change of the microbicidal activity coefficient was observed 2 min after pain modeling, increasing from 1.40 to 1.72 a.u 

(р < 0.001). By the end of the experiment, the measured parameters approximated their initial values. During the analysis, we accounted for the fact that the 

neutrophil response to the algogenic stimulus was unfolding in the setting of microbial colonization occurring in newborns.
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В. В. Алексеев1      , А. Х. Каде2

ВЛИЯНИЕ ОСТРОЙ СОМАТИЧЕСКОЙ БОЛИ НА КИЛЛИНГОВУЮ АКТИВНОСТЬ 
НЕЙТРОФИЛОВ НОВОРОЖДЕННЫХ КРЫС 

Иммунная система претерпевает влияния различной природы. Один из факторов, сопровождающих жизнедеятельность организма, — боль. Знать и 

учитывать возрастные особенности факторов врожденного иммунитета необходимо для адекватной оценки изменения их параметров в онтогенезе. 

В литературных источниках недостаточно данных об особенностях изменения киллинговой активности нейтрофилов в ответ на острую боль 

у новорожденных. Целью работы было выявить изменения фагоцитарной активности нейтрофилов в ответ на краткосрочный алгогенный стимул 

у новорожденных крыс. Эксперимент проводили на 3–5-дневных крысятах. Были сформированы две группы: контрольная и экспериментальная с 

моделированием острого алгогенного воздействия. После моделирования осуществляли забор материала через 2, 30–60, 120–180 мин. Для оценки 

микробицидной активности нейтрофилов использовали спонтанный и стимулированный методы автоматизированного учета теста с нитросиним 

тетразолием (НСТ-теста). Сравнение данных проводили на основе U-критерия Манна–Уитни. Наблюдали повышение значений спонтанного НСТ-теста с 

50,7 до 58,6 у. ед. через 30–60 мин (p < 0,01), а также стимулированного НСТ-теста с 71,5 до 87,4 у. ед. (р < 0,001) в течение первого часа эксперимента. 

Максимально выраженное изменение коэфициента микробицидности наблюдали через 2 мин с 1,40 до 1,72 у. ед. (р < 0,001). К концу эксперимента 

показатели приближались к исходным значениям. При анализе результатов учитывали, что новорожденные крысята испытывают влияние со стороны 

микробной колонизации, на фоне которой развертывается реакция нейтрофилов на алгогенное раздражение.
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Fig. 1. Dynamics of the spontaneous NBT reduction test in newborn rats before and after exposure to the algogenic stimulus. ** — differences are significant between 
the main group and the control animals (p ≤ 0.05)
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There is a large body of evidence that immune responses can 
be elicited by stimuli other than antigens, including stress [1, 2], 
infrared light [3], LED light [4], magnetic fields [5], narcotic 
drugs [6], overtraining [7], etc. On this list, pain should not be 
an exception. 

Alexeeva NS has convincingly demonstrated that neutrophils 
are involved in the acute algogenic process in adult rats. The 
reaction she observed was very pronounced but short-lived, 
which enabled her to define a functional mobilization syndrome 
in neutrophils primed for effective phagocytosis in case if 
exposure to a pain-evoking stimulus will escalate into tissue 
damage, infection, etc. [8].

There are grounds to believe that exposure of newborn 
rats to an algogenic stimulus will induce a complex of immune 
reactions, including changes to the phagocytic activity of 
neutrophils. Among all innate immunity factors, neutrophils have 
been shown to be the most sensitive to changes occurring in 
the intrauterine environment and after birth [9].

We searched the available literature for the effects of acute 
pain on the killing activity of neutrophils in newborn rats but 
found no relevant information. So, the aim of this study was to 
detect possible changes in the phagocytic activity of neutrophils 
in newborn rats in response to an algogenic stimulus.

METHODS

The study was carried out in newborn 3-5-day-old albino 
rats with an average weight of 12 to 14 g. The animals were 
born and housed in standard facilities under a 12:12 light:dark 
cycle at a comfortable temperature of about 24 °С. The sex 
of the animals was not factored into. The experiments were 
conducted in the summer.

Functional activity of neutrophils was tested in 32 
experiments. The animals were divided into two unequal groups: 
the main group (n = 24) and the control group (n = 8). In the 
main group, acute pain was modelled by applying an electric 
stimulus to the skin at the tail base. The intensity of the stimulus 
was 3 to 4 points on the Waldman–Vasiliev scale modified by 
Ovsyannikov [10]. Exposure duration was 2 minutes. 

After acute somatic pain modeling, the animals were 
decapitated. Blood samples were collected into test tubes 
containing 100 u/ml heparin 2, 30–60, 120–180 min after the 

experiment. Blood was diluted 1:2 with Hanks’ balanced salts 
solution (PanEco; Russia). Then, the samples were centrifuged 
with a Ficoll-Verographin density gradient (1.083 g/ml) for 
45 min at 1,500 rpm. Microbicidal activity of neutrophils was 
measured using a spectrophotometric modification of the 
test of spontaneous/endotoxin-induced nitroblue tetrazolium 
(NBT) reduction [11]. The test is based on the ability of almost 
colorless NBT to be reduced by oxygen radicals to deep blue 
diformazan. 

Fifty µl of 0.5% NBT solution were added to each microplate 
well containing the cell suspension. For the spontaneous 
reduction test, 50 µl of PBS (pH = 7.0) were added to the even 
rows of the microplate. For endotoxin-stimulated reduction, 
50 µl of 0.1% latex solution with particle size of 1.5 µm (PanEco; 
Russia) were added to the odd rows. Then the microplate was 
incubated in an incubator for 24 min at 37 °С. The microplate 
was read in a Multiskan Sky spectrophotometer (THERMO 
FISHER SCIENTIFIC; USA) at 540 nm. Mean optical density was 
measured in 4 wells (2 for the spontaneous reduction test and 
2 for the stimulated reduction test). The results were expressed 
as arbitrary units (1 a.u. = 1,000 optical density units). Then, 
the microbicidal activity coefficient (MAC) was calculated by 
dividing the mean optical density in the stimulated-reduction 
wells by the mean optical density in the spontaneous-reduction 
wells. 

Statistical analysis was conducted in Microsoft Office Excel 
2010 Pro (Microsoft; USA), STATISTICA 10.0 (Statsoft; USA). 
We tested the normality of quantitative data distribution using 
the Lilliefors-corrected Kolmogorov–Smirnov and Shapiro–
Wilk tests; calculated median values (Ме), the upper and 
lower quantiles (Q

0.25
, Q

0.75
), the minimum (Min) to maximum 

(Max) value range for the data that did not fit into the normal 
distribution; compared the data using the Mann–Whitney U 
test. The critical level of significance (p) was assumed to be 
0.05. The results are presented in this work as Ме [Q

0.25
; Q

0.75
] 

(Min–Max).

RESULTS

The spontaneous NBT reduction test produced the following 
results in the control group of newborn rats: Me 

sp NBT
 = 50.7 a.u. 

[Q
0.25

 = 49.3 a.u.; Q
0.75

 = 52.7 a.u.], Min = 48.9 a.u. and Max =
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Fig. 2. Dynamics of the stimulated NBT reduction test in newborn rats before and after exposure to the algogenic stimulus. ** — differences are significant between 
the main group and the control animals (p ≤ 0.05)
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Fig. 3. Dynamics of the microbicidal activity coefficient in newborn rats before and after exposure to the algogenic stimulus.** — differences are significant between 
the main group and the control animals (p ≤ 0.05)
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57.1 a.u. In the main group, Me 
sp NBT

 reached 51.4 a.u. 
[Q

0.25
 = 48.8 a.u.; 

Q0.75
 = 54.1 a.u.], Min was 41.9 a.u. and 

Max was 59.1 a.u. 2 minutes after the algogenic stimulus 
was applied. In the first hour after exposure, Ме 

sp NBT
 was 

58.6 a.u. [Q
0.25

 = 57.0 a.u.; Q
0.75

 = 60.5 a.u.], Min was 52.1 a.u. 
and Max was 61.3 a.u. In the third hour of observation, Ме 

sp NBT
 

equaled 46.9 a.u. [Q
0.25

 = 43.3 a.u.; Q
0.75

 = 49.8 a.u.], Min was 
41.6 a.u. and Max was 51.1 a.u.

Statistical analysis revealed that algogenic stimulation 
was activating spontaneous NBT reduction. The differences 
were significant between the control and the main group and 
also between the initial response to electrical stimulation 
and the response recorded 30–60 min after it (p < 0.01). 
Median values yielded by the experiment demonstrate that 
distribution between the upper and lower quantiles was 
even; the upper quantile approximated the maximum peak 
value in the sample. It should be noted that the observed 

reaction was short-lasting and quickly depletable. Two hours 
after pain modeling, the median values of the spontaneous 
NBT reduction test were lower than in the control group 
(р = 0.05) (Fig. 1).

The stimulated NBT reduction test produced the following 
results in the control group: Ме 

st NBT
 = 71.5 a.u. [Q

0.25
 = 68.0 a.u.; 

Q
0.75 

= 73.4 a.u.], Min = 67.2 a.u., Max = 76.5 a.u. These values 
were higher than in the spontaneous reduction test.

Immediately after algogenic stimulation, all parameters of 
the stimulated NBT reduction test started to grow, indicating 
that neutrophils were highly primed to ward off a potential 
microbial attack. Specifically, Ме 

st NBT
 was 90.4 a.u. (р < 0.001) 

[Q
0.25

 = 87.8 a.u.; Q
0.75 

= 93.0 a.u.], Min was 84.8 a.u. and Max 
was 96.3 a.u. Neutrophils retained a high level of microbicidal 
activity for an hour following exposure to the stimulus: Ме 

st NBT
 = 

87.4 a.u. (р < 0.001) [Q
0,25 

= 78.8 a.u.; Q
0,75

 = 89.9 a.u.], Min = 
77.6 a.u. and Max = 93.0 a.u.
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Similar to the spontaneous NBT reduction test, 2 hours after 
pain modeling microbicidal activity reserves were depleted. 
Ме 

st NBT 
declined to 64.5 a.u. (р < 0.05) [Q

0,25
 = 57.2 a.u.; Q

0,75
 = 

66.9 a.u.], Min decreased to 54.8 a.u. and Max was 74.1 a.u. 
(Fig. 2).

Knowing that the modified NBT test reflects the metabolic 
activity of neutrophils, specifically the oxygen-dependent 
mechanisms underlying their microbicidal effect, we should 
consider the opinion of its developers about the killing effect 
of neutrophils being best described by the microbial activity 
coefficient [12]; the coefficient is calculated by dividing the 
value of the stimulated NBT reduction test by the value of the 
spontaneous NBT reduction test. Me 

MACcontr
 = 1.40 a.u. [Q

0.25 

= 1.33 a.u.; Q
0.75

 = 1.45 a.u.], Min = 1.26 a.u., Max = 1.47 a.u.
Two minutes after algogenic stimulation, MAC was 

significantly increased relative to the control value: Ме 
MAC

 = 
1.72 a.u. (р < 0.001) [Q

0.25
 = 1.68 a.u.; Q

0.75
 = 1.80 a.u.], Min = 

1.63 a.u., Max = 2.19 a.u.
In the first hour after exposure, MAC was declining but was 

still above the values demonstrated by the control group: Ме 
MAC

 = 
1.49 a.u. [Q

0.25
 = 1.44 a.u.; Q

0.75
 = 1.51 a.u.], Min = 1.32 a.u., Max = 

1.53 a.u.
By the end of the experiment, MAC did not differ significantly 

from the control values: Ме 
MAC

 = 1.34 a.u. [Q
0.25

 = 1.30 a.u.; 
Q

0.75
 = 1.41 a.u.], Min = 1.28 a.u., Max = 1.47 a.u. (Fig. 3).

DISCUSSION

A theoretical framework for understanding the impact of acute 
somatic pain on the phagocytic activity of neutrophils can 
only be developed in the context of neuro-immuno-endocrine 
interactions. Today, there is no doubt that neurogenic, endocrine 
and immune mechanisms all contribute to maintaining the 
body’s homeostasis. The pathogenesis of pain or at least its 
initial stage is similar to the unfolding of stress. Stress is not 
always caused by pain but acute pain is always a stress, 
which is why stress hormones, specifically catecholamines, are 
synthesized in response to an algogenic stimulus. The model 
used in this study was previously exploited to demonstrate 
that 2 min after applying an algogenic stimulus, adrenalin and 
noradrenaline levels, whose ratio is age-dependent, increased 
in peripheral blood [12]. 

In another study, the electrophysiological analysis revealed 
that excitation of nociceptors and signal transmission via the 
ascending pathways led to the activation of brain structures 
involved in the control of involuntary functions, the hypothalamus 
in the first place, and synchronized with the activation of 
neutrophil granulocytes [13]. 

Apart from neurogenic noradrenaline, the adrenal medulla 
releases adrenaline and noradrenaline into the bloodstream. 
These hormones ultimately find their targets and the subsequent 
events follow a typical stress scenario. Neutrophils are one 
of such targets; they were shown express both α- and 

β- adrenergic receptors [14], which was later confirmed by another 
study [15]. In our experiments, we observed an increase in 
the phagocytic activity by the end of the first hour following 
exposure to the stimulus (in the spontaneous NBT reduction 
test); in the stimulated NBT reduction test, the phagocytic 
activity started to increase by minute 2 following pain induction. 
But by the end of the experiment the phagocytic activity had 
been restored to the initial level. This can be explained by the 
activation of beta-adrenoreceptors of neutrophils [16]. Also, it is 
important to remember that stress is accompanied by elevated 
production of glucocorticoids that inhibit the functional activity 
of neutrophils [17]. 

The obtained MAC values suggest that neutrophils of 
newborn rats can exert killing activity [11, 18].

We have shown that algogenic stimulation leads to both 
spontaneous and stimulated NBT reduction, as well as to 
an increase in the killing activity of neutrophils, which, on 
the surface, seems to be inconsistent with the conventional 
concept of functional immaturity of phagocytes in newborns.

One of possible explanations for our findings might lie in the 
acknowledgement of the early formed capacity of neutrophils 
to produce a superoxide [19] when their protective potential is 
reduced [20].

In the neonatal period, the organism of the newborn, 
including skin, mucosal lining, gastrointestinal and genitourinary 
tracts and lungs, is actively colonized by microbiota. This 
process is short-lasting and intense. Although this fact has long 
entered textbooks, it is still explored in the academic literature 
from different perspectives [21–23]. But one opinion that is 
held firm is that an intense antigen load cannot but mobilize 
the factors of immune defense, still allowing for the fact that the 
mechanisms of adaptive immunity are immature at the time the 
child is born. One should agree that innate immunity factors in 
general and neutrophils in particular (as the most labile cells) 
play a key role in the first-line defense in the neonatal period. 
The discovery of the bacterial translocation corroborates this 
hypothesis [24].

Thus, on the one hand, the innate immunity of newborns is 
stimulated by microbial colonization and, on the other hand, acts 
as a background for the unfolding response to a different non-
antigen stimulus, which in our case was an algogenic stimulus.

CONCLUSIONS

1. The killing activity of neutrophils is initiated and enhanced in 
response to an acute algogenic stimulus. 2. In newborn rats, an 
antimicrobial response to short-term acute pain demonstrated 
by neutrophils is short-lived and quickly depletable. 3. The results 
of this study broaden our knowledge of metabolic activity of 
neutrophils in response to acute pain in newborns. Our findings 
can be used in pain research, for adequate assessment of 
changes occurring in ontogenesis and for prevention of adverse 
effects pain can have. 
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