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We investigated the multi-component herbal dietary supplement, which contains extracts of 19 medicinal 
plants traditionally used as anti-inflammatory remedies. Here we have investigated the effects of this 
supplement on lung tissue morphology, reactive oxygen species (ROS) generation in blood, lung tissue 
and liver tissue homogenates, pro-inflammatory cytokine expression: tumor necrosis factor-α (TNF-α), 
interleukin-6 (IL6), and respiratory parameters: expired volume of ventilation per minute (V˙E), rate of 
oxygen uptake and amount of carbon dioxide eliminated per minute (V˙o2, V˙co2) during experimentally 
induced pneumonia (i/p lipopolysaccharides (LPS) injection, 2 mg/kg) in rats. Endotoxemia was associ-
ated with: (1) pathological changes in lung morphology; (2) increased ROS generation; and (3) a gradual 
decrease of V˙O2 and V˙e. Application of multi-component herbal dietary supplement for rats with pneu-
monia created positive changes in diminishing lung tissue injury, decreasing ROS generation in blood, 
lung and liver tissue and decreasing pro-inflammatory cytokine expression of TNF-α and Il-6. Oxygen 
consumption and carbon dioxide elimination in this group was increased compared to the LPS pneumonia 
group. Results of multi-component herbal dietary supplement treatment of intact animals was mixed: 1) 
positive - significant increasing of V˙o2 and V˙e; 2) negative - significant augmentation of ROS production 
in lung tissue. Multi-component herbal dietary supplement manifested promising therapeutic effects in the 
course of experimental pneumonia. Further research is needed to clarify the mechanisms of its action and 
the possible applications in clinical medicine. 
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INTRODUCTION 

Antibiotic administration in inflammatory 
disease treatment is often associated with drug 
resistance [1] and toxicity [2]. Thus discovering 
active natural (homeopathic) drugs with minimal 
toxicity, no habituation and positive results on 
reducing the pathology is a valuable goal for 
research in medical pharmacology. We created 
a multi-compositional dietary supplement Vi-
taphil Lux (technical specification of Ukraine 
15.8-32490422-005:2010) (VL), which contains 
extracts of 19 medicinal plants traditionally used 
as anti-inflammatory remedies. We included 
plants known to be powerful antioxidants, as 
well as ones that suppress expression of pro-

inflammatory cytokines. The majority of plants 
in VL were reported to have strong antioxidant 
effects. Herbs with a powerful antioxidant ac-
tion, such as Helichrysum arenarium L. [3], 
Rheum tanguticum maxim [4], Recuitta chamo-
mile [5], Anethum graveolens L. [6], Calluna 
vulgaris L., [7], Betonica officinalis L.[8] were 
all included in our formulation. The basis of 
the mechanism of antioxidant effect lies in fact 
that these plants contain considerable amount of 
flavonoids, which, thanks to the large number 
of phenolic compounds, have the ability to trap 
free radicals [9].

The anti-inflammatory effects of VL com-
ponents are at least partly, related to their 
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anti oxidant properties, since free radical oxida-
tion products stimulate the expression of pro-
inflammatory cytokines. Diminished cytokine-
induced neutrophil chemo attractants, IL-1β, 
IL-6, and TNF-α have been described using 
extracts and active components of Tanacetum 
vulgare [10], Rheum tanguticum maxim [4], 
Recuitta chamomile [5], Potentilla anserine L. 
[10], Valeriana officinalis [11]. Extract of Inula 
helenium manifests radical-independent inhibi-
tion of the nuclear factor-κB pathway, caused 
by suppression of the phosphorylation of Syk 
kinase [12, 13]).

Besides anti-inflammatory and antioxidant 
properties some components of VL are shown 
to increase cellular glucose uptake and mito-
chondrial activity. Increased levels of peroxi-
some proliferator-activated receptors γ2 and 
reactivation of insulin-mediated phosphoryla-
tion of phosphatidyl inositide 3-kinases and 
AMP-activated protein kinase were described 
as an effect from extract introduction of 3 
items; Inula helenium [14], Recuitta chamomile 
[5] and Liquorice [15]. Adenosine monophos-
phate activated protein kinase was shown to 
regulate diverse metabolic pathways and to 
increase mitochondrial activity. An increase of 
mitochondrial enzyme activity occurred with 
extracts of Potentilla anserine L [11]. Three 
other plants used in VL improve incretin secre-
tion and, hence, insulin synthesis, and show a 
hypoglycemic activity; Helichrysum arenarium 
L. Moench [16], Anethum graveolens L [6] and 
Melissa officinalis [17].

In this study we investigated the influence of 
VL on lung tissue morphology, ROS generation 
in blood, lung-and liver- tissue homogenates, 
pro-inflammatory cytokines expression (TNFa, 
IL6) and respiratory parameters (V˙E, V˙o2, 
V˙co2) as we followed the course of our 
experimental rat pneumonia.

METODS 

The study protocol was approved by the Animal 
Care Ethics Committee of Bogomoletz Institute 

of Physiology, Kyiv, Ukraine. Male Wistar rats 
were maintained in a 12;12 h light:dark cycle, 
with a temperature of 22±3°C. Food and water 
were available ad libitum.

VL composition and preparation. Fifty grams 
of Ledum palustre L.; 50 g of Helichrysum ita-
licum L.; 30 g of Helichrysum arenarium L.; 50 
g of Betonica officinalis L.; 25 g of Valerianaof-
ficinalis L.; 15 g of Calluna vulgaris L Hill;50 g 
of Inula helenium L.; 35 g of Iris pseudaсorus L.; 
50 g of Atropa belladonna L.; 50g of Potentilla 
anserine L.; 50 g of Melissa officinalis L.; 50 g 
of Capsella bursa-pastoris L.; 50g of Tanacetum 
vulgare L.; 45 g of Artemisia vulgaris L.; 50 g of 
Rheum tanguticum maxim.; 50 g of Chamomilla 
recutita L. Rauschert (Matricaria chamomillaL.); 
30 g of Glycyrrhizia glabra L.; 30,0 g of An-
ethum graveolens L.; 25 g of Salvia officinalis 
L. were dried to 20% humidity, mixed and soak 
in a mixture of 1000g of molasses, with 1000 g 
of ethanol at 15 oC, 60% humidity for 7 days. 
Then 500 ml of distilled water was added to the 
mixture and heated to 50 ° C for 90 minutes, 
then cooled and filtered.

Experimental pneumonia. We have chosen 
pneumonia induced by lipopolysaccharides 
(LPS) specific to the cell membrane of E. coli 
as the model for our study. The presence of these 
structures in the tissues is recognized by the im-
mune system as bacterial invasion which initi-
ates an inflammation cascade. In our experiment 
LPS was administered via intraperitoneal (i.p) 
injection. Pneumonia formed in this way is ac-
companied by sepsis [18]. Rats were injected i.p. 
with 2 mg/kg of LPS (Escherichia coli055:B5; 
Sigma, St. Louis, MO, USA) dissolved in physi-
ological saline, to induce endotoxemia and lung 
inflammation. Controls were injected with ster-
ile saline alone.

Study design. Thirty-two Wistar 6 month old 
male rats, weighting 270-350 g, were divided 
into four groups of 8 rats each: (1) control, 
(2) experimental pneumonia, (3) experimental 
pneumonia treated with VL, and (4) VL treat-
ment of intact animals. Animals of all groups 
were euthanized 72 h after pneumonia induction 
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(LPS injection) and tissue samples were imme-
diately collected. The parameters of pulmonary 
ventilation and gas exchange were measured 
five times using respiratory masks fitted to 
conscious animals as follows: (1)before LPS 
injection, (2) time zero, (3, 4, and 5) 24, 48 and 
72 h after LPS injection. In control and healthy 
VL treated groups, pulmonary ventilation and 
gas exchange were both measured at these times 
with no additional treatment. Five hundredths 
(0.05) ml of VL diluted in sterile water (1:5) 
was administered 7 times during the study with 
an orogastric catheter: first at time zero (for the 
group with pneumonia it was immediately prior 
to injection of LPS), and then every12 hours. 

Histological analysis. All tissues were col-
lected in 2-4 mm blocks, fixed in 10% neutral 
buffered formalin for 24-48 hours, dehydrated, 
cleared and embedded in paraffin. Four to five 
µm sections were stained with hematoxylin and 
eosin (H&E) and evaluated with light micros-
copy (Scope: Nikon, Eclipse E-200; camera 
Nikon, ds-FI1) at 200, 400 and 1,000x for 
morphological characteristics. Morphometric 
analysis was performed for samples of four 
rats from each group. H&E sections were, con-
ventionally divided into sectors, followed by 
a random fixation of images analyzed by the 
software Image J. We analyzed the following 
parameters:1) relative volume of alveolar space; 
2) relative volume of alveolar septa; 3) relative 
volume of hemorrhagic infiltration; 4) relative 
volume of granulomas; and 5). the relative vol-
ume of atelectasis. Results were expressed as a 
percentage relative to the total volume of each 
slice of tissue sample.

Reactive oxygen species. ROS generation in 
blood plasma and lung tissue homogenate was 
measured by means of lucigenin- and luminol-
enhanced chemiluminescence (ChL). After 
decapitation blood was gathered in heparinized 
tubes and the ChL essay immediately ensued. 
500 mg of lung tissue were homogenized on 
ice in a Potter-Elvehjem tissue grinder with 2,5 
ml of Hanks’ balanced salt solution (HBSS). 
Samples for ChL measurement contained the fol-

lowing ingredients in a total volume of 1 mL: 0.9 
mL of whole blood or lung tissue homogenate; 
and 0.1 mL of 50 µM lucigenin or 0.1 mL of 20 
µM luminol for the final concentration. After 
3-5 min of spontaneous chemiluminescence 0.1 
mL of HBSS with 0.1 μg of opsonized zymosan 
(30 min incubation with rat serum at 37°C) was 
added to enhance chemiluminescence. Then ChL 
was monitored for 15 min (Luminometer ЕА-1, 
Ukraine) at 37°C with continuous mixing. We 
evaluated:1) the light signalsum (S)for 10 min 
at a sampling frequency of 0.25 Hz, which was 
calculated and expressed as relative light units; 
2) maximum light signal after ChL enhancement 
(Imax), expressed as relative light units; and 3) 
minimal light signal after ChL enhancement 
(Imin), expressed as relative light units.

ROS generation in liver tissue homogenate 
was measured by means of ChL with the Fenton 
reaction (2 mMFe2+, 8.8 mM H2O2 at pH 7.4). 
Liver tissue was homogenized on ice in a Potter-
Elvehjem tissue grinder with 5 volumes (w/v) of 
HBSS. Samples for ChL measurement contained 
the following ingredients in a total volume of 1 
mL: 1) 0.5 mL liver tissue homogenate; 2) 0.4 
mL of the Fe2+ solution; and 3) 0.1 mL of H2O2. 
Hydrogen peroxide was added last followed by 
recording luminescence. ChL was then moni-
tored for 5 min (Luminometer ЕА-1, Ukraine) 
at 37°C with continuous mixing [19].

RNA isolation, reverse transcription, and 
real-time polymerase-chain reaction. Total RNA 
was isolated from lungs using the Trizol RNA-
prep kit (Isogen, Russian Federation) per the 
manufacturer’s protocol. RNA concentration 
was determined using a NanoDrop spectropho-
tometer ND1000 (NanoDrop Technologies Inc, 
USA). Reverse transcription was performed us-
ing a RevertAidTM H Minus First Strand cDNA 
Synthesis Kit (Fermentas, Germany), using 
1.2–1.5 µg of total RNA and random hexamer 
primer. Obtained single-stranded DNA was used 
for real-time polymerase chain reaction (PCR).

Real-time PCR for mRNA expression of 
genes TNFa, IL6, Cxcl2, and GRO1.

We performed amplification in 10 µL of 
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SYBR Green PCR Master Mix containing 20 
pM of each primer. For amplifications of TNFa, 
IL-6and ACTB (corresponding to b-Actin, 
housekeeping gene) gene fragments, we used 
the following primers, respectively:TNFaUp:5`-
CCTCAGCCTCTTCTCATTCCT-3`; TNFa Dw: 
5`-GGGAACTTCTCCTCCTTGTTG-3`; IL6 
Up: 5`-CAAGAGACTTCCAGCCAGTTG-3`; 
IL6 Dw: 5`-TGGGTGGTATCCTCTGTGA 
AG-3`; ACTBUp: 50-TCATCACTATCGGC 
AATGAGC-30; ACTBDw: 50-GGCCAG-
GATAGAGCCACCA-30. Sample volume was 
brought to 20 µL with deionized water. Ampli-
fication was performed on a 7500 Fast Real-
Time PCR System. The amplification program 
consisted of initial AmpliTaq Gold DNA poly-
merase activation step at 95ºC for 10 min and the 
following 50 cycles: denaturation(95ºC for 15 s), 
annealing, and elongation (56ºC for 60 s). For 
control of specificity, we performed dissociation 
stage-sequential increase of temperature from 56 
to 99ºC. The drop in the double-stranded DNA-
SYBR Green complexe fluorescence strength 
was registered. We performed calculations using 
the 7500 Fast System SDS software provided. 
The CT (cycle threshold) is defined as the num-
ber of cycles required for the fluorescence signal 
toexceed the detection threshold. We calculated 
the expression of the target gene relative to the 
housekeeping gene as the difference between 
the threshold values of the two genes.

Respiration. The arrangement for measuring 
ventilatory and gas exchange parameters in rats 
included a one-way valved mask, a pneumo-
tachograph for small laboratory animals with a 
pressure sensor (MPX5050), and a mass spec-
trometer (MH6202, Ukraine) [20]. Signals from 
the pressure sensor and the mass spectrometer 
were processed by an analog-digital converter 
delivered to a computer and analyzed on the 
custom-written software. As was previously 
shown [20], the inertia of the mass spectrometer 
sensor does not affect measurement accuracy 
under respiratory rate lower than 150 breaths per 
min. Special calibration curves were used when 
the respiratory rate reached higher values. We 

measured respiratory frequency, tidal volume 
and calculated expired volume of ventilation 
per minute (V˙E). On the bases of expired O2 
and CO2 curves we calculated V˙o2 and V˙co2.

These data were expressed in mL/min/kg 
of body weight to BTPS (body temperature 
and pressure, saturated system) for respiratory 
volume and to STPD (standard temperature 
and pressure, dry system) for metabolic para-
meters. To exclude circadian metabolism 
oscillation influences on our results all measured 
parameters were compared to respective results 
from intact animals. Data are presented as 
percent in comparison with referent group.

RESULTS AND DISCUSSION

Lung morphology. Morphometric analysis 
of the sections showed that in the group of 
animals treated with LPS there were disorders 
characteristic of an inflammatory process in the 
lung parenchyma. These included hemorrhages, 
some bronchiolar lumen were filled with cellular 
masses and exudates, peribronchial tissues were 
infiltrated with leukocytes with granuloma 
formation, Emphysematous manifestations were 
observed including enlarged alveoli, thickened 
inter alveolar septa due to interstitial edema 
and leukocyte infiltration, some being broken 
(Fig. 1). The introduction of LPS significantly 
increased the relative volume of the alveoli 
compared with the control. Atelectasis in this 
group of animals was10.9%, hemorrhagic 
infiltration 3.8%, granulomas 1.2% relative to 
the total area of the tissue studied (Table 1).

VL treatment of pneumonia significantly 
reduced lung tissue damage. Although there 
were some signs of inflammation in this group 
of animals (hemorrhage areas, leukocyte infiltra-
tion into inter-alveolar septa, and local alveolar 
enlargement (Figure 2)), morphometric analysis 
showed that the majority of indices returned 
to normal. The relative area of the sites with 
atelectasis and hemorrhage decreased to 2.1 
and 0.97%, respectively (Table 1). The alveolar 
volume was the same as in the control group. The 
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area of the granulomas in VL treated pneumonia 
group (2.09%) was slightly increased in com-
parison with LPS pneumonia untreated group. 
Introduction of VL to intact animals did not lead 
to significant changes in the studied parameters. 
Nevertheless, in this group the relative area of 
sites with hemorrhages and granulomas was also 
slightly increased.

Reactive oxygen species. LPS injection 
caused dramatic changes of all measured pa-
rameters in blood plasma.Imax, S and Iminwere 
all significantly increased compared to control. 
VL treatment of LPS pneumonia resulted in 
significant reduction of all measured ChL pa-
rameters compared to the LPS group (Table 2). 
S and Imaxof lucigenin-dependent ChL reflects 
the level of O2

-, generation [21 35], thus, VL 
treatment diminished LPS-induced O2

-overpro-
duction in blood plasma. Imin decrease indicates 
improvement of antioxidant capacity and oxida-
tive stress resistance in the blood plasma with 
VL treatment of LPS-induced pneumonia [22]. 
A similar enhancement of all ChL parameters 
was observed in whole blood (Table 3). 

Under VL treatment S was significantly 
reduced, while Imax and Imin did not differ from 
the control. S of luminol-enhanced ChL reflects 
the total pool of ROS (O2

-, •OH, H 2O2 and other 
peroxides) generation [21], thus, VL treatment 
diminished oxidative stress induced by LPS 
in whole blood. The dynamics of Imin suggest 
that VL does not yield a positive influence on 
antioxidant properties of whole blood. The 
most pronounced effects of LPS injection were 
observed in lung tissue homogenate, the site of 
the inflammatory process (Table 4). S and Imax 
in lung tissue LPS group were increase to 498% 
and 270% respectively, Imin was increase to 
244%. VL treatment led to some diminishment 
of S and Imax, 30.14% and 22.1% respectively, 
nevertheless these desirable changes were not 
significant.

LPS injection caused increase ROS produc-
tion in liver tissue homogenate (Table 5). S, Imax 
and Imin in lever were enhanced to 126.85,84.61 
and 112.53% respectively compared to control. 

Fig. 1. Lung tissue of rat from control group and after LPS 
injection.  A - Normal lung tissue (x100) of rat from control 
group. B and C - Lung parenchyma after LPS injection (х 100). 
B – Pulmonaryhemorrhage: alveolar spaces containing red 
cells (↑). Individual bronchioles includeluminal cell masses. 
Interstitial edema of interalveolar septa: alveoli are filled with 
exudate and leukocyte components. C - Emphysematous changes 
of alveoli (*).  [Bronchioles (Br), alveoli (a), vessels (V)]

А

B

C
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antioxidant reserves in blood and lung tissue. 
In contradistinction, significant increase of 
Imax in liver tissue homogenate combined with 
unchanged S and Imin. Imax reflects the level of 
hydro peroxide production [23 37]. Our results 
suggest that increased hydro peroxide produc-
tion is partially compensated by hepatocyte 
antioxidant activity, which is known to be very 

VL treatment significantly decreased S to 35.7%, 
which reflects diminished oxidative stress in 
lung tissue.

VL treatment of intact animals caused sig-
nificant increase in all measured ChL parameters 
in blood plasma, whole blood and in lung tissue 
homogenate. VL seems to enhance superoxide 
and other ROS production, which exhausts 

Table 1. Relative volumes of lung tissue morphology parameters as percent of studied area

Parameter Control (%) LPS (%) LPS+VL (%) VL (%)

Alveolar volume 63±3.63 52.68 ±2.95* 59.03±2.93 60.93±2.48

Inter-alveolarseptavolume 30.45±3.14 35.55±6.76 31.45±4.58 29.4±2.19

Atelectasis 0.08±0.08 7.53±7.49 2.18±2.18 0.73±0.54

Hemorrhage 0.45±0.45 10.68±6.6 2.9±2.9 1.95±1.95

Granulomas 0.05±0.05 3.51±3.49 1±0.68 0.5±0.5
*P=0,001 compared to control

Fig. 2.  Rat lung after LPS injection and VL treatment (x 100). The lung parenchyma is not disturbed, except for 
minor infiltration of interalveolar septa and local alveolar dilations (ad), with some emphysematous features (*), as 
well as sparse hemorrhage areas (↑). Br- bronchioles, V-vessels, a – alveoli

А B

Table 2. Lucigenin-dependent zymosan-induced ChL of blood plasma.

Groups Imах, relative light units S,relative light units Imin, relative light units

Control 51.16±1.7 23038.73±1115.7 38.16±1.7

LPS 127.5±4.1* 79234.54±7874.6* 102.33±4.3*

LPS+VL 93 ±7.1** 58488.96±4540.4** 74.57±6.3**

VL 79.28±1.6* 47889.33± 6357* 63 ±3.7*
* P<0,05 compared to control, ** P<0,05 compared to LPS group

Z. Serebrovska, R. Swanson, V. Portnichenko, A. Shysh, L. Tumanovska, A. Dorovskych, V.Dosenko



ISSN 0201-8489 Фізіол. журн., 2018, Т. 64, № 324

powerful compared to antioxidant activity in 
blood or lung tissue [22].

Cytokine expression.No differences oc-
curred in pro-inflammatory cytokines expres-
sion 3 days after LPS injection (Fig. 3).These 
expected results confirmed that the effect of 
LPS-induced cytokine expression enhancement 
was already passed [18]. VL treatment caused 

significant diminishment of Il-6 and TNF-a exp-
ression compared to the LPS group.

Respiration. Development of pneumonia 
caused gradual decrease of oxygen consumption 
reaching minimum values at 24 and remaining 
at the same level at 48 and 72 hours after LPS 
injection in the LPS group (Fig. 4). The decrease 
of oxygen consumption was observed also in 

Table 3. Luminol-dependent zymosan-induced ChL of whole blood.

Groups Imах, relative light units S,relative light units Imin, relative light units

Control 81±3.9 44414.21±2550.2 62.16±4.1

LPS 149±19.0* 96297.96±11389.1* 119.66±13.0*

LPS+VL 112.42±12.4 56844.79±3717** 92.85±10.4

VL 103.85±8.6* 59624.03±4194.8* 88.28±9.7*
* P<0,05 compared to control, ** P<0,05 compared to LPS group 

Table 4. Lucigenin-dependent zymosan-induced ChL of lung tissue homogenate.

Groups Imах, relative light units S,relative light units Imin, relative light units

Control 61±6.08 28015.28±2304.7 50.5±6.9

LPS 226.28±23.3* 167588.54±22891.1* 171.85±16.0*

LPS+VL 176.25±10.6* 117062.85±14915.2* 156.25±12.1*

VL 112 ±6.1* 87268.92±12892.5* 93.85±6.5*
* P<0,05 compared to control

Table 5. (Н2О2 + Fe2+) -induced ChL of liver tissue homogenate.

Groups Imах, relative light units S,relative light units Imin, relative light units

Control 412,83±16,0 11703,26 ±542,1 24,33± 2,6

LPS 762,14±63,3* 26548,92±2793,0* 51,71±4,3*

LPS+VL 722,62±50,4* 16635,0±1302,2** 40,87±2,8*

VL 770,71±43,2* 12637,56±286,6 26,57±1,1
* P<0,05 compared to control, **P<0,01 compared to LPS

the VL-treated LPS group at 24 hours after 
injection, nevertheless, this parameter returned 
to control level at 48 and 72 hours. VL treat-
ment of intact animals caused a gradual V˙O2 
increase with maximum at 72 hours. This effect 
was accompanied with a V˙CO2 increase, sug-
gesting more intensive carbohydrate and protein 

metabolism. The decrease in lung ventilation 
in the LPS group first appeared at 48 hours and 
then returned to control level at 72 hours after 
LPS injection (Figure 4). Introduction of VL 
to LPS injected rats caused a drop of V˙E at 24 
hours after injection and then enhancement of 
this parameter at 48hours. Treatment of intact 
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animals with VL led to significant growth of 
V˙E at 72 hours from the start of the experiment.

Data suggest that VL has a therapeutic ef-
fect in the course of experimental pneumonia 
increasing oxygen consumption, lung ventilation 
and switching metabolism into carbohydrates 
and protein accumulation. VL treatment also led 
to enhancement of oxygen consumption in intact 
animals. The effect of VL is gradual, assumed 
due to the accumulation of active substances.

Discussion. We have shown that VL has 
antioxidant and anti-inflammatory effects 
in the course of experimental pneumonia. 
VL introduction to the LPS-injected animals 
protected lung tissue from lesions caused by 
induced inflammation. We observed diminished 
atelectasis, interstitial edema, and alveolar 
volume under VL treatment of pneumonia. 
These structural changes were accompanied 
with restoration of oxygen consumption and 
pulmonary ventilation which originally failed 
after LPS injection.

We suggest that the mechanisms of VL 
therapeutic effects are connected with the anti-
oxidant and anti-inflammatory properties of the 
components. VL treatment reduced LPS induced 
O2

- overproduction in blood plasma, diminished 
oxidative stress in whole blood and liver tissue 
homogenate. The non-significant changes were 
only in lung tissue where inflammation was 
localized. Nevertheless, the decrease of TNF-a 

and IL6 expression in lung tissue homogenates 
suggest that the anti-inflammatory action of 
VL was also manifested in the lung. The ma-
jority of VL compounds contain flavonoids in 
high concentration, which are the potent ROS 
scavengers. The hypolipidemic effect of some 
components of VL, like Valeriana oficinalis 
[24] and Anethum graveolensL [25] can also be 
involved in diminishment of blood ROS levels.

The stimulation of oxygen consumption 
could be considered as an additional possible 
mechanism of VL therapeutic effect. Stimula-
tion of mitochondrial enzymes is described for 
Potentilla anserine L. [11]. Moreover, metabolic 
action of some medicinal plants should be syn-
ergistically additive, at least partially, with their 
antioxidant properties. Extract of Inula helenium 
increased mitochondrial membrane potential and 
ATP synthesis due to anti-radical activity [26].

Increase of CO2 elimination suggests in-
creased carbohydrate and protein utilization. 
Extracts of Inula helenium [14], Recuitta chamo-
mile [5]) and Liquorice [15] were reported to 
increase cellular glucose uptake. Stimulation 
of glucose uptake and mitochondrial enzyme 
activity both improve ATP synthesis and ame-
liorate recovery of inflamed tissue. The ambigu-
ous effect of VL on intact animals captured our 
attention. On the one hand we did not observe 
pathological changes in lung tissue, except for 
an non-significant increase in granulomatous 

Fig. 3. Expression of IL-6 mRNA (A) and TNF mRNA(B) in lung tissue. Values are means ± SE,  *P<0.05 compared 
to LPS
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Values are means ± SE,  *P<0.05 compared to control.

Fig. 4. Dynamics of V˙O2 , V˙CO2 and V˙E in different groups. A- V˙O2 and V˙CO2 in LPS pneumonia, B- V˙O2 and V˙CO2 in 
VL treatment of LPS pneumonia. C- V˙O2 and V˙CO2 in VL treatment of intact animals, D- V˙E in LPS pneumonia, E- V˙E in 
VL treatment of LPS pneumonia, F- V˙E in VL treatment of intact animals

А

B
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E

F
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areas. No increase of cytokine production or 
inflammation was observed. We measured a 
stimulation in oxygen consumption. On the other 
hand, VL treatment of intact animals caused sig-
nificant increase in all measured ChL parameters 
in blood plasma, whole blood and in lung tissue 
homogenates. In the liver this effect was less pro-
nounced, presumably due to increased resistance 
of hepatocytes to oxidative stress. One possible 
explanation of such phenomena is the increased 
superoxide production by activated mitochondria. 
Another scenario is connected to the pro-oxidative 
action of some VL compounds. In addition anti-
inflammatory properties of Tanacetum vulgare 
[27], Inula helenium L [28], Melissa officinalis 
[17], Artemisia vulgaris L [29] can all increase 
oxidative stress and induce mitochondrial-related 
apoptosis. These compounds have been tradition-
ally used in anti-cancer therapy. VL manifested 
promising therapeutic effects in experimental 
pneumonia. Further research is needed to clarify 
the mechanisms of its action, the primary effec-
tors in this multi-faceted compound and possible 
applications in medicine.

CONCLUSION

VL manifested promising therapeutic effects 
in the course of experimental pneumonia. 
VL treatment of rats with pneumonia created 
positive changes in diminishing lung tissue 
injury, decreasing ROS generation in blood, lung 
and liver tissue, decreasing pro-inflammatory 
cytokine expression of TNF-α and Il-6 and 
improving oxygen consumption and carbon 
dioxide elimination. Results of VL treatment of 
intact animals was mixed: 1) positive - significant 
augmentation of V˙o2 and V˙e; 2) negative - 
significant augmentation of ROS production in 
lung tissue. Further research is needed to clarify 
the mechanisms of its action and the possible 
applications in clinical medicine.
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ЕФЕКТИ ТРАВ’ЯНОЇ БАГАТОКОМПОНЕНТ-
НОЇ ДІЄТИЧНОЇ ДОБАВКИ ПРИ ЕКСПЕРИ-
МЕНТАЛЬНІЙ ПНЕВМОНІЇ. 

Ми досліджували дію багатокомпонентної трав’яної 
дієтичної добавки, яка містить екстракти з 19 лікар-
ських рослин, традиційно використовуваних як про-
тизапальні засоби, на морфологію легеневої тканини, 
генерацію активних форм кисню (АФК) в крові, та 
гомогенатах тканини печінки та легень, експресію 
прозапальних цитокінів: tumor necrosis factor-α (TNF-α) 
та interleukin-6 (IL6), та параметри зовнішнього ди-
хання: хвилинний об’єм вентіляції (V˙E), хвилинне 
поглинання кисню (V˙O2) та виділення вуглекислого 
газу за хвилину (V˙CO2) під час експериментально 
індукованої пневмонії (ін’єкція ліпополісахаридів, 2 
мг / кг) у щурів. Ендотоксемія була пов’язана з: пато-
логічними змінами в морфології легенів; збільшенням 
генерації АФК; і поступовим зменшенням V˙O2 та 
V˙E. Застосування добавки для щурів із пневмонією 
спричинило позитивні зміни: зниження інтенсивності 
пошкоджень легеневої тканини, генерації АФК в крові, 
тканинах легень та печінки, та зниження експресії 
прозапальних цитокінів TNF-α та Іl-6. V˙O2 и V˙E в 
цій групі були збільшені порівняно зі значеннями у 
щурів з ліпополісахаридною пневмонією. Результати 
застосування добавки для лікування інтактних тварин 
були змішані: позитивні - значне збільшення V˙O2 та 
V˙E; негативні - значне збільшення вироблення АФК 
у легеневій тканині. Добавка виявляє перспективні 
терапевтичні ефекти під час експериментальної пнев-
монії. Потрібні подальші дослідження, щоб з’ясувати 
механізми її дії та можливі застосування в клінічній 
медицині.
Ключові слова: протизапальний; антиоксидантний; 
поглинання кисню; фактор некрозу пухлини-α; ліпополі-
сахариди
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З. Серебровская, Р. Свонсон, В. Портниченко, 
А. Шиш, Л. Тумановская, А. Доровских,  
В. Досенко

ЭФФЕКТЫ ТРАВЯНОЙ МНОГОКОМПО-
НЕНТНОЙ ДИЕТИЧЕСКОЙ ДОБАВКИ ПРИ 
ЭКСПЕРИМЕНТАЛЬНОЙ ПНЕВМОНИИ.

Мы исследовали влияние многокомпонентной травяной 
диетической добавки, которая содержит экстракты 19 
лекарственных растений, традиционно используемых 
в качестве противовоспалительного средства на мор-
фологию легочной ткани, генерацию активных форм 
кислорода (АФК) в крови, и гомогенатах ткани печени и 
легких, экспрессию провоспалительных цитокинов: tumor 
necrosis factor-α (TNF-α) и interleukin-6 (IL6), и параметры 
внешнего дыхания: минутный объем вентиляции (V ˙E), 
минутное поглощение кислорода (V˙O2) и выделение 
углекислого газа за минуту (V˙CO2) при эксперименталь-
ной пневмонии (инъекция липополисахаридов, 2 мг / кг) 
у крыс. Эндотоксемия была связана с: патологическими 
изменениями в морфологии легких; увеличением гене-
рации АФК; и постепенным уменьшением V˙O2 и V˙E. 
Применение добавки для крыс с пневмонией привело к 
положительным изменениям: уменьшению повреждений 
легочной ткани, уменьшению генерации АФК в крови, 
тканях легких и печени и снижению экспрессии прово-
спалительных цитокинов TNF-α и IL-6. V˙O2 и V˙E в этой 
группе были увеличены по сравнению со значениями у 
крыс с липополисахаридной пневмонией. Результаты при-
менения добавки для лечения интактных животных были 
смешанные: положительные - значительное увеличение 
V˙O2 и V˙E; отрицательные - значительное увеличение 
выработки АФК в легочной ткани. Многокомпонентная 
травяная диетическая добавка оказывает перспективные 
терапевтические эффекты при экспериментальной пнев-
монии. Требуются дальнейшие исследования, чтобы вы-
яснить механизмы ее действия и возможные применения 
в клинической медицине.
Ключевые слова: противовоспалительный; антиоксидант-
ный; потребление кислорода; фактор некроза опухоли-α; 
липополисахариды
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