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Summary

Detailed information on the in vivo activity of vegetal extracts on the immune system in birds and mammals,
mainly the farmed ones, is helpful in improving their resilience and welfare. Therefore there is need to investigate
the exact roles of active plant components in animals, mainly their influence on the immune system, which
is crucial for antimicrobial resistance. The farming system, serving principally economic aims, overlooks the
physiological support of several extremely stress-sensitive, short-lived species such as chickens or rabbits.
Recovering from the damage caused by adverse microclimates or nutritional deficiencies in these species can
be a prolonged process often standing beyond their economic lifespan. Additionally, the compromised condition
makes them susceptible to various diseases, particularly microbial or parasitic infections which can easily take
hold in the weakened state. Under these circumstances, it seems very important to select and study natural
enhancers of the immune response. Setting up optimal therapeutic protocols and establishing the optimal age
range and administration route boost their effects. The in vitro tests, performed mainly on isolated cell- or
cell-line cultures, proved the beneficial influence of certain vegetal extracts, which diminished oxidative stress
and tumor growth, as well as overcame the negative effects of active oxygen species, increasing the synthesis
of cytokines. The study aimed a) to establish a potential dose-effect relationship for selected plant extracts,
b) considering that belonging to either of groups Aves or Mammalia changes the response to these extracts.
Blood samples taken from hens and rabbits were subjected to in vitro blast transformation tests (RPMI
1640 culture medium, 48 hours of incubation in a 5% CO, atmosphere) to estimate the effects of alcoholic
extracts of Calendula officinalis, Vaccinum myrtilus, Echinacea purpurea, and Hippophae rhamnoides at 1.5%
and 6.5% concentrations by a colorimetric assay (orto-toluidine test). The results in hens indicated maximal
stimulation indices, in a reverse dose-dependent manner, for Vaccinum myrtillus (81.93 + 18.74% for 1.5%
concentration) and Calendula officinalis (74.70 = 22.15% for 1.5% concentration). In rabbits, all the extracts
had stimulating effects, Calendula (80.72 £ 6.82% for 6.5% concentration) and Echinacea (68.67 + 17.04% for
6.5% concentration) being more effective than Vaccinum (65.06 + 35.78% at 1.5% concentration). Obviously,
the in vitro effects of the extracts depended on the phylogeny of the animal and the plant of origin. Thus, the
birds reacted to certain extracts in an inversely dose-dependent manner, while in rabbits, the effects were
directly dose-dependent. The results highlight the importance of preliminary tests in selecting an appropriate
vegetal extract for immune stimulation/modulation of a given species of animals.
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The usefulness of precise information about the ways — advancement primarily aimed at economic progress,
in which plant extracts act on the immune system of often overlook the physiological needs of certain spe-
animals, especially those raised in an intensive produc-  cies extremely prone to stress, such as chickens (36) or
tion system (2, 30), is indisputable. The technological rabbits (33, 34, 35). Remedying the effects of disrup-
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tions such as changes in microclimate (22, 28) or feed-
ing/watering (15) can be prolonged, sometimes, de-
pending on the species, exceeding the duration of their
economic life. This neglect creates an environment
conducive to various ailments particularly microbial or
parasitic which can easily thrive. There is substantial
evidence concerning the effects and relevance of oxida-
tive stress, common to most infectious and parasitic or
non-transmissible diseases, in swine (respiratory and
digestive infections), bovines (mastitis) and equines
(endotoxiemia, laminitis, obstructive airway disease,
intense physical exercise) (24). The response of the in-
dividual/group depends on the level of the stressor (23).

Medicinal plants have been used for millennia for
therapeutic purposes in humans and animals, especially
in remote rural communities (5, 8, 26), because of their
local availability and low cost, as stated in the 2019
WHO report (36). The traditional use of plants as medi-
cines has continued for generations, but only recently
their positive effects made them the subject of rigorous
scientific studies (10). The selection and characteriza-
tion of some natural immune enhancers could prove
highly beneficial in this context. The high-performance
techniques developed in recent years (PCR, genomic
sequencing, HPLC, monoclonal antibodies, etc.) offer
a profound insight into the mode of transport of plant
compounds in receptor organisms (7, 20, 27, 31). The
ways of interaction between these compounds and
the patients seem to be extremely varied, depending
on the metabolic balance, the degree of activation of
the immune system, and the physiological state of the
whole body. These are some of the reasons why it is
sometimes difficult to predict the result of interaction
between the compounds of plant extracts and the pa-
tient undergoing therapy (29). The effects of therapy
can be maximized by developing optimal therapeutic
protocols for animals and by determining the optimal
age and the most suitable route of administration.

A special and extremely important category of
compounds used in classical preventive medicine
are adjuvants, including compounds with immune-
modulating activity, not limited to those used alongside
microbial vaccines. They are capable of restoring the
optimal immune response in hypo- or hyper-reactive
individuals. Such situations are relatively common in
veterinary medicine, where many microbial diseases
impair the functioning of the immune system in one
way or the other.

In vitro tests, especially those carried out on cancer
cell cultures or cell lines treated with isolated com-
ponents of plants, have demonstrated the beneficial
effects of certain extracts in reducing oxidative stress,
tumor growth, and damage due to active oxygen spe-
cies, increasing cytokine synthesis (9), or even sup-
pressing viruses (18).

The literature data (14) on the testing of the adjuvant
quality of plant extracts or the comparative evalua-
tion of their effects in different species are extremely
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limited. Therefore, studies on the machisms of action
and factors that influence the adjuvant capacity of plant
extracts are valuable.

The present study aimed a) to establish a potential
dose-effect relationship for selected alcoholic plant
extracts and b) to clarify if belonging to either of
groups Aves or Mammalia changes the response to
these extracts.

Material and methods

Biological material. The experiment involved two equal
groups of animals: adult chickens (n = 25) and rabbits
(n=25). The animals were raised on a small farm in a semi-
intensive system, fed and watered according to the raising
technology, with access to the courtyard. Blood collected
on heparine (50 IU/ml in final dilution) from these animals
in aliquots of 2 ml/animal served as biological material for
the in vitro trial.

Plant extracts. The alcoholic plant extracts from mari-
gold (Calendula officinalis), blueberry (Vaccinum myrtilus),
purple coneflower (Echinacea purpurea), and sea buckthorn
(Hippophae rhamnoides) were commercial ones. Accord-
ing to the manufacturer, all extracts were obtained based
on the German Pharmacopoeia. Marigold, blueberry, and
sea buckthorn were chosen due to their availability in the
study area, whereas purple coneflower was used because it
is a well-known immune stimulant.

Methods. The aliquots of blood were mixed at a ratio of
1:4 with RPMI 1640 culture medium supplemented with
5% fetal calf serum (SFV) and antibiotics (1000 IU penicil-
lin and 1000 pg streptomycin/ml) at a pH of 7.2-7.4.

Subsequently, the blood + culture medium mixture was
distributed into 96-well plates in amounts of 200 pl/well. To
monitor cell growth, phytohemagglutinin (PHA) M (Bacto
Difco, USA) was used as a classic mitogen in a quantity
of 1 ul/well. The other variants were each treated with 70°
alcohol (solvent extract) (Alc) and alcoholic extracts of
C. officinalis (Cal), E. purpurea (Ech), Vaccinum myrtilus
(Blueberry), or Hippophae rhamnoides (Cat). To compare
the dose dependence of cell reactivity, doses of 1.5 ul and
6.5 ul were selected, based on previous experiments (unpub-
lished data). All experimental variants were performed in
duplicate, including an untreated control. The plates were
then incubated for 48 hours in a 5% CO, atmosphere. At
the end of the incubation period, cell growth was assessed
by measuring glucose residue by the ortho-toluidine spec-
trophotometric method.

For that purpose, a 12.5 pl sample of culture supernatant
medium was added to 0.5 ml of o-toluidine reagent in a sili-
cone glass tube. The mixture was kept at 100°C for 8 minutes
in a water bath. Then it was suddenly cooled, and 200 pl
was transferred to 96-well plates for spectrophotometry
at 610 nm and d = 0.5 cm (Sumal PE 2, Karl Zeiss, Jena).

The transformation index (TI) was calculated as fol-
lows: TI% = [(MG — SG)/MG] x 100, where TI = blast
transformation index, MG = glucose concentration in the
initial culture medium and SG = glucose concentration in
the sample after incubation.

For each series of samples, a standard glucose sample
(100 mg/dl) and a sample from the initial culture medium



280

were processed in parallel by the same method. The con-
sumption of glucose corresponding to the stimulation index
was calculated, expressed as a percentage, and compared
to the initial culture medium glucose content and the glu-
cose standard.

Statistical analysis of the data was performed by cal-
culating the arithmetic mean and standard error with the
Microsoft Excel program.

Results and discussion

Recent literature data emphasize the beneficial
effects of plant-derived compounds or substances
when used in conjunction with traditional treatments
particularly in situations requiring immune system
intervention (6). Within a scientific framework, such
information encourages further exploration of the im-
munomodulatory components of plants, which may
offer greater therapeutic potential and fewer side ef-
fects compared to those of synthetic products
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effect, rather than a straightforward dose-response re-
lationship (Fig. 2). Contrary to the literature data (16)
according to which marigold administration had no
effect on humoral immunity in broilers, the results of
the present experiment prompts further research to bet-
ter understand the dose-response effect in this species.
Berries, on the other hand, were claimed to improve
broilers’ immunity mainly by their antioxidant effect
and by increasing T-cell activation (17). Our in vitro
results supported this research, the lower dose of the
blueberry extract being the most efficient in enhanc-
ing the cell growth by 21.4% when compared to the
untreated control, a percentage which was the highest
recorded (P < 0.001).

The mean transformation indices in rabbits were
lower than those observed in chickens (Fig. 3).
Nevertheless, the response to the phytohaemagglutinin
was stronger than it was in the control variant, unlike in

(12). Initially focused on investigating the 120
anticancer and antimicrobial effects, based *
T : 100
on the preliminary results obtained, research .
was later expanded to characterize the influ- 80 LRRR TSR o
ence of whole or purified plant extracts on
different branches of the immune system. % 60 *
However, the interaction between plant ex-
tract and immune effectors/mechanisms is 40
far from being fully clarified (3, 13). 20
The results obtained, expressed as trans-
formation indices and cell growth percent- O [con- Alc | Alc | Ech [ Ech | Cal | Cal | Cat | Cat | Afin | Afin
ages versus control for each species, are trol | PHA | 1.5% | 6.5% | 1.5% | 6.5% | 1.5% | 6.5% | 1.5% | 6.5% | 1.5% | 6.5%
presented in ﬁgures 1 to 4 [[] Series 2|18.74|13.63[10.22|10.22|23.85|11.93|22.15|25.56| 18.74| 39.19| 18.74| 27.26
In chickens, the results of blast transforma- M Series 1|67.47|61.45|61.45|61.45|61.45|62.65|74.70| 72.29| 69.88| 57.83| 81.93| 30.12

tion showed a lower arithmetic mean value

in the case of phytohemagglutinin compared
to the control variant. This stands for a lower
response to the classic mitogen, and therefore
the transformation indices recorded for the

Fig. 1. Transformation indices in chickens

Explanations: series 1 = arithmetic mean; series 2 — st. error (*p < 0.001,
**p < 0.05); the blueberry extract at a concentration of 1.5% had the strongest
stimulating effect of all plants

alcoholic plant extracts look encouraging, 140

since alcohol also has an inhibiting effect.

Over time, purple coneflower has been used 120

in both humans and animals to improve 100

health and welfare because of its immune

stimulating effects (25). Although the oral 80

administration of hydro-alcoholic extract %

from purple coneflower induced a dose- 60

dependent improvement in the immune 40

response to disease (4) in this experiment,

its extract, surprisingly, inhibited cell growth 20

when compared to the untreated control. This 0

kmd of.response mlght 1ndlqate dlfferenges ol | PHA | 5% | 6.5% | 1:6% | 6.6% | 1-8% | 6.8% | 1.5% | 6.8% | 1.6% | .%
mn -rea-Ctlon Ofpartlcular SpeCICS to the active |. Series 1|100.0/91.08/91.08|91.08(91.08|92.86| 110.7|107.1| 103.5|85.71|121.4| 44.64
principles of the plant.

Overall, only three of the plants, i.e.
marigold, sea buckthorn, and blueberry,
stimulated the immune system. For those,
the 1.5% concentration seemed to be more
active, suggesting a potential “homeopathic”

Fig. 2. Percentage growth for chicken leukocyte cultures treated with the
in vitro plant extract compared with the untreated control
Explanations: all percentages above 100 indicate stimulation; the 1.5% con-
centration seems to be more effective in chickens for several plants (marigold,
sea buckthorn and blueberry)
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chickens, which underscored the even better response
to the alcoholic plant extracts in this species.

It is noteworthy that, in rabbits, all extracts exhib-
ited stimulating effects, with the maximum values
observed for the higher doses of marigold and purple
coneflower extracts, surpassing those of blueberry
(Fig. 2). Although numerous Internet vendors claim
marigold to be a valuable supplement for improving
health and productivity of animals, no scientific studies
supporting these claims have been found. Therefore,
the massive (81%) increase in the in vitro cell growth
observed for the alcoholic marigold extract encourages
further research on the in vivo effects of the plant.

In the rabbits, unlike in the chickens, the higher con-
centration of each plant extract induced greater growth
of the culture, with the exception of blueberry, whose
6.5% alcoholic extract reversed growth (p < 0.05 —
p <0.001) (Fig. 3). However the growth percentage
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was much higher overall compared to chickens, rang-
ing from 2.6% (Echinacea 1.5%) to 81% (marigold
6.5%,p <0.001) (Fig. 4). Although Echinacea pallida
has been claimed to have no influence on the immune
system of does (11), the present experiment clearly
shows that rabbits respond to in vitro stimulation with
alcoholic extracts of plants from the genus Echinacea.
However, this response is directly dose-dependent, and
its range is still lower than for the other plant extracts.
The response of the cells of the immune system to
antigenic stimuli can be assessed by the blast transfor-
mation test (21), which makes it possible to calculate
the blast transformation index, a parameter that indi-
cates the stimulation or inhibition of cell growth. The
results of the in vitro supplementation of the cultures
with the extracts, whose adjuvant value was studied,
confirmed the initial hypothesis about plant and animal

species-dependent and dose-dependent responses.
The immune system of chicks has provid-

120 ed an ideal working model for investigations
o into mammalian immunity. In particular, the
100 control of lymphocyte migration and surviv-
* . .
wox al is the key to immune development. CD4+
80
alpha beta T lymphocytes have a central role
% 60| = x in the avian immune system, their activation
being a precursor to the responses of other
40 cells, including gamma-delta T lymphocytes
20 (1, 32). In the case of the whole blood culture
method, the cellular cooperation necessary to
0 induce the immune response is maintained,
Con- Alc | Alc | Ech | Ech | Cal | Cal | Cat | Cat | Afin | Afin 1 1 1
o | PHA | L5509 | 1-6% | 6.5% | 18% | 6.5% | 1% | 6.8% | 5% | | | Ut it becomes more difficult to attribute one
- reaction or the other to a certain cell cat-
[l Series 2|10.22| 18.74|10.22{10.22|5.112{17.04| 0 |6.816(6.816/13.63|35.78| 0 .. .
- egory. Moreover, the reactivity to different
M Series 1(44.58|62.65|49.40|56.63|45.78|68.67|54.22|80.72|46.99|61.45|65.06 | 46.99 .
compounds can only be estimated globally,

Fig. 3. Transformation indices in rabbits

Explanations: series 1 = arithmetic mean; series 2 — st. error (*p < 0.001,
**p <0.05); the marigold extract at a concentration of 6.5% had the strongest

stimulating effect of all plants

without establishing precisely which cell
category is most influenced.

The transformation activity of lympho-
cytes is influenced by environmental or
individual factors. The in vitro blast trans-

200 formation test allows for the evaluation of
180 efficiency and comparison of the effective-
- ness of certain compounds, highlighting their
140 1nﬂgence on these factors, whqther they are
environmental (exogenous additions such as
120 extracts) or individual, such as the animal’s

% 11 position in the phylogenetic tree.
80 It can thus be concluded that belonging to
60 a specific taxonomic class, Aves or Mamma-
40 lia, influenced the reactivity to the extracts.
20 In birds, the lower concentration of the
0 blueberry extract was the most active, both
con owa e | e [Ecn [ ecn o] ca o[ et [ | | concentrations of marigold extract were less
|.Series1 100.0(/140.5{110.8(127.0{102.6(154.0{121.6(181.0{105.4| 137.8| 145.9( 105.4 e.ffeCthe, and the sca bUthhom extract had
little effect, whereas all other extracts were

Fig. 4. Percentage growth for rabbit leukocyte cultures treated with the

in vitro plant extract compared with the untreated control

Explanations: all percentages above 100 indicate stimulation; both concentra-
tions, especially 6.5%, seem to be effective, except for the blueberry extract

immune suppressive. In rabbits, on the other
hand, all extracts and concentrations were
stimulating compared to the control, with
maximum effect for the marigold extract.
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The results support the need to pursue research to
better understand the effectiveness of plant extracts as
immune stimulators/modulators before implementing
any therapeutic scheme.

Conclusion:

» Taxonomic affiliation (classes Aves and Mamma-
lia) obviously influences the reactivity of circulating
white blood cells in vitro to active principles extracted
from different plants, which emphasizes the need for
testing before selecting active compounds as adjuvants
or immune modulators.

* The comparative evaluation of the effects of se-
lected plant extracts on circulating white blood cells
in the leukocyte blast transformation test revealed that
the most effective alcoholic extracts were those of
Calendula officinalis in rabbits and Vaccinum myrtillus
in birds, and that their effects were dose dependent.
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