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Effects of Rhodiola rosea and aspirin on behaviour and some biochemical
parameters in old mice
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Abstract. This study investigates the effects of aqueous Rhodiola rosea extract and low-dose and high-
dose aspirin on behaviour and biochemical parameters in aged C57BL/6] mice. Both substances are widely
recognized for their therapeutic properties and potential geroprotective effects in simpler organisms such
as yeast and Drosophila. Aspirin, or acetylsalicylic acid, is a medication used for the treatment of pain and
fever and also possesses anti-inflammatory and antipyretic properties. It is found to prolong lifespan of
model organisms if taken throughout life but not in the old age. R. rosea is considered a geroprotector with
rejuvenating properties. It contains a variety of compounds that may act as anti-inflammatory or anti-
cancer agents. Additionally, evidence suggests that R. rosea extracts improve quality of life in the elderly
and extend lifespan.

Mice aged 17 months (comparable to approximately 80 human years) were administered R. rosea extract
or aspirin (5 mg/kg and 25 mg/kg body mass daily) for two months. Behavioural assessment using the open
field test revealed no significant differences between the groups, although trends suggested increased
anxiety-like behaviour in mice receiving 25 mg aspirin. Biochemical analysis showed no statistically
significant changes in lipid peroxidation in the brain or liver enzyme activities (alanine aminotransferase,
ALT, and aspartate aminotransferase, AST), although a trend toward elevated ALT activity with aspirin
supplementation was observed, indicating potential liver stress. These findings highlight the complexity
of assessing geroprotective interventions in aged organisms and suggest that both R. rosea extract and
aspirin, at the tested doses, may have limited efficacy in improving healthspan in older mice. Further
studies with larger cohorts and additional biomarkers are needed to explore these preliminary findings.
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1. INTRODUCTION

From an early history of humankind, herbs and mushrooms were used as medications in folk
medicine. Over time, the healing properties of folk remedies have been and are being scientifically
confirmed. These include plant adaptogens, which exhibit stimulating activity on physical or
mental health (Todorova et al., 2021a). The term adaptogens was firstly honed by soviet scientists
in 1947. Being relatively young word, it is well received in global community and by this moment
there are nearly a thousand publications about different adaptogens in PubMed. These
substances do not have a specific defined mechanism of action. In 1980 it was shown that
adaptogens not only influence physical resistance but also resistance to biological and chemical
factors. Some of adaptogens became prohibited at the sports events because of their obvious
benefits to performance. Our adaptogen of choice in this study is extract from the rhizomes of
Rhodiola rosea. Though R. rosea is a fairly old medication, as it was used by the Vikings or in ancient



China, studies of R. rosea adaptogenic properties are conducting since the middle of 20t century
(Han et al., 2022). Complete properties of each of R. rosea compounds is yet to be studied and
discovered. Some of most active compounds are phenylpropanoids, phenylethanol, flavonoids,
monoterpenes and phenolic acids, with salidroside, tyrosol, rosavin, and triandrin. Athletes who
want to enhance their durability during training sessions are already using R. rosea on a daily
basis (Tinsley et al., 2024).

One of most commonly mentioned and studied compound of R. rosea is salidroside.
Salidroside by itself shows wide range of effects including neuroprotective, geroprotective and
many other(Calabrese et al., 2023). However, it is known that the effect of pure compounds can
be weaker than in a complex herbal preparation, where a synergistic effect is exhibited (Bayliak
and Lushchak, 2011). Another compound we focus in this study is acetylsalicylic acid, or aspirin,
a derivative of salicylic phenol acid found in willow bark, another herb that is widely used for
medicine. Before 1897, up until aspirin was discovered by Felix Hoffman, people were using
willow bark and other salicylate-containing plants for pain relief. Knowledge of these plants was
present during times of ancient Egypt and Greece (Miner & Hoffhines, 2007). Additionally,
aspirin has the ability to inhibit platelet aggregation and is commonly used to prevent thrombosis
and myocardial infarction. Aspirin is classified as a non-selective cyclooxygenase inhibitor and is
available in various forms. Nowadays aspirin is widely used for its anti-inflammatory
properties, pain relief, antiplatelet effect and many more. It was also shown to potentially
reduce risk of cancer and improve lifespan but only when used from young age (Skriver et al.,
2024). Both Rhodiola rosea and aspirin were found to have lifespan prolonging effects in model
organism like yeast and Drosophila (Bayliak and Lushchak, 2011; Gospodaryov et al., 2013) and
therefore are considered as geroprotectors. By definition, a good geroprotector should not show
any difference from control or even restore some parameters to their level in young organisms.
The main function of geroprotectors is to fight with dysfunctionalities which occur in the old
body. Despite, there is a scientific debate to call aging a disease, (De Winter, 2015), but researchers
try to find effective remedy to prevent or treat aging. In this study, we compare certain anti-aging
effects of R. rosea aqueous extract and acetylsalicylic acid in old mice. We focused on the
behavioural changes in mice and some biochemical parameters showing liver and cortex health.

2. MATERIALS AND METHODS
2.1 Design of experiment
In our study we use C57BL/6] female mice. Mice were obtained from Bohomoletz Institute of
Physiology (Kyiv, Ukraine) and bred in our animal facility. When mice reached 17 months of age
we randomly divided mice in 4 groups. Approximately from 5 to 8 mice in the group. First group
was control, which consists of mice which continued to be fed a standardized diet. Second group
of mice was fed a standard diet with adding of aqueous R. rosea extract to drinking water. Third
and fourth groups were supplemented by acetylsalicylic acid in concentrations of 5 and 25 mg/kg
body mass/day. Concentrations were used those described in literature (Teramoto et al., 2021).
Respective solutions of acetylsalicylic acid were added to drinking water. It was taken into
account that one mouse consumes 5 ml of water per day. Mice were kept on the respective
regimes for two months. Mice were housed under a 12-h light/dark cycle (6 a.m./6 p.m.) at 22 +2
°C with 50-60% humidity. The standard diet consisted of 21.8% protein, 4.8% fat, 69.1%



carbohydrates, and 3.9% fiber. All experimental protocols were approved by the Animal
Experimental Committee of Vasyl Stefanyk Precarpathian National University (Ukraine) and
were conducted in accordance with Directive 2010/63/EU of the European Parliament and of the
Council of 22 September 2010 on the protection of animals used for scientific purposes.

2.2. Preparation of aqueous R. rosea extract

To prepare the extract, we used the dried rhizome of R. rosea, which was ground with a coffee
grinder. Next, we mixed the powder with the boiled water in a ratio of 1:20 (1 g of crushed plant
material: 20 ml of water), followed by boiling for 30 minutes in a water bath. After that, the
tiltration procedure was carried out using filter paper. The volume of the filtrate was made up to
the original volume with water. The received extract was aliquoted and frozen and kept at -20C
in the refrigerator. Before using, the aliquots were thawed at room temperature.

2.3. Behavioural parameters

The open field test was conducted in a polyvinyl chloride chamber measuring 40 x 40 x 40 cm,
divided into 16 squares, each 10 x 10 cm in size. The experimental room maintained the same air
temperature and lighting conditions as the mouse breeding rooms. Motor, exploratory, and
anxiety-like behaviours were analyzed using ToxTrac software (version 2.98) developed by
Magnus Andersson’s team (https://sourceforge.net/projects/toxtrac/) (Rodriguez et al., 2018).
Over a 10-minute observation period, motor activity was measured by the total distance travelled.

Exploratory behaviour was evaluated based on the distance covered in the maze and the time
spent in the outer squares. Anxiety-like behaviours were assessed by recording the time spent in
the central squares (inner zone) and the latency time for each mouse (Seibenhener & Wooten,
2015).

2.4. Measurement of level of lipid peroxides

The frozen cortex was homogenized in 96% ethanol at a ratio of 1:10, centrifugated for 10 min
at 13,200 rpm, 4°C, and supernatants were collected. For determination of lipid peroxides
(LOOH), we used a method based on the ability of lipid peroxides to oxidize Fe?* to Fe*. Then
Fe* ions form a coloured complex with xylenol orange that absorbs light at 580 nm at low pH.
The reaction mixture contained FeSO+*7H20 (1 M), xylenol (4 mM), water and supernatant. As
an inner control was used cumene hydroperoxide (1 mM) (Lushchak et al., 2008).

2.5. Measurement of activities of aspartate aminotransferase (ALT) and alanine aminotransferase

(AST)

The next step in our study was to determine the activity of ALT and AST in blood plasma by
the Reitman-Frenkel method. We used ready-made kits from the Reagent company (Dnipro,
Ukraine). The determination of ALT activity is based on the the ability of pyruvate, a product of
ALP reaction, to form a yellow compound at addition of 2,4-dinitrophenylhydrazine, namely
pyruvic acid hydrazone, with an absorbance at 500-550 nm. To determine the activity of ALT, we
used a substrate-buffer solution (pH 7.4), which contained 100 mM phosphate buffer, 200 mM
alanine and 2 mM alpha-ketoglutarate, 1 mM pyruvate. Also, after incubation, we added 1 mM
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2,4-dinitrophenyl-hydrazine in 1 M HCIL. And then we added 0.4 M NaOH to stop reaction. We
performed the measurements on a microplate using a HiPo MPP-96 reader.

The method for determination of AST activity is similar to the method for ALT activity assay.
The only difference is that alpha-ketoglutarate is aminated with aspartate under the action of the
enzyme aspartate aminotransferase to form glutamate and oxaloacetate, which is spontaneously
decarboxylated to pyruvic acid. After the addition of 2,4-dinitrophenylhydrazine, pyruvic acid
hydrazone is formed, with an absorbance optimum at 500-550 nm. We used a substrate-buffer
solution (pH 7.4), which contained 100 mM phosphate buffer, 200 mM aspartate, 1 mM alpha-
ketoglutarate, 1 mM pyruvate. After incubation, we added 1 mM 2,4-dinitrophenyl-hydrazine in
1 M HCI. Then we added 0.4 M NaOH. Measurements were carried out on a microplate using a
HiPo MPP-96 microplate reader at a wavelength of 492 nm.

2.6. Statistical analysis of the results

Statistical analyses were conducted using Microsoft Office LTSC Professional Plus 2021 and
GraphPad Prism 10.3.0(507) software. To identify statistical differences between groups, one-way
ANOVA was applied, followed by Holm-Sidak test for multiple comparisons. A difference was
considered statistically significant at P < 0.05.

3. RESULTS AND DISCUSSION
Fig. 1 shows the dynamics of body mouse mass over 15 weeks for 4 different groups: a control
group, a group that received Rosea aqueous extract, a group that received 5 mg of aspirin (ASA
5mg), and a group that received 25 mg of aspirin (ASA 25mg).
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Figure 1. Changes in body mass of mice during the 15-week experiment. Mice fed the basic
food (control group) or basic food supplemented with R. rosea (R. rosea group), 5 mg aspirin
(ASA 5mg) and 25 mg aspirin (ASA 25mg) in drinking water



In the control group, the body mass relatively stable during first 8 weeks, but then body mass
showed a tendency to decrease, that it can be connected with senescence of the body. In the R.
rosea group, there was a gradual increase in body mass up to week 4, which may indicate a
stimulating effect of this plant. Further, body mass of mice fed R. rosea extract decreased over
time, but retained higher than in the control group. In the groups that received 5 mg aspirin, there
was similar effects on body mass showed in R. rosea treated group. In the ASA 25mg group, there
was a sharp increase in body mass from the beginning of the experiment, and then body mass
decreased gradually. Overall, the graph demonstrates significant differences in the dynamics of
body mass between the groups that received different experimental interventions, allowing us to
suggest different effects of R. rosea and different doses of aspirin on body mass indicators.

Before euthanasia we conducted an open field behavioural test. We determined the anxiety
and mobility of old mice fed aspirin and R. rosea. The recording lasted 10 minutes. As can be seen
from Fig. 2(A), there was no significant difference in the average speed.
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Figure 2. Behaviour in mice in open field test. Mice were fed the basic food (control group)
or basic food supplemented with R. rosea (R. rosea group) or different dosed of aspirin (ASA 5mg
and ASA 25mg) in drinking water for 15 weeks. Average speed (A), total distance (B) time spent
in inner zone (C), time spent in outer zone (D). n = 3-6. Holm-Sidak test was used for multiple
comparisons

However, there was a tendency to increase the speed among mice that consumed 5 mg of
aspirin The next step was to determine the distance travelled by the mice. As can be seen from
Fig. 2(B), there is no difference between the groups, although there was a tendency that the mice



that consumed 5 mg of aspirin travelled the biggest distance for 10 min among all mice. Next, we
determined in which zone the open field mice spent the most time. As can be seen from Fig. 2(C),
the mice that consumed 25 mg of aspirin spent the least time in the central quadrants, which may
indicate the lowest level of stress, but there was no significant difference, only a trend. We also
determined how much time the mice spent in the outer squares. As can be seen from Fig.2(D), the
mice that consumed 25 mg of aspirin spent the most time in the outer quadrants, that corresponds
data on time spent in inner quadrants.

Since we observed tendency to changes in behaviour of old mice fed with supplements, we
decided to determine the presence of biochemical alterations in the brains of experimental mice.
For this, we determined the levels of lipid peroxides (LOOH), a marker of the intensity of lipid
peroxidation, in the mouse cortices. There was no significant difference observed.
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Figure 3. Lipid peroxide level in the cortexes of 20-month-old mice fed the basic food
(control group) or basic food supplemented with R. rosea extract (R. rosea group), or different
dosed of aspirin (ASA 5mg and ASA 25mg) in drinking water for 15 weeks. n = 3-6. Holm-Sidak
test was used for multiple comparisons.

For next, we decided to check how the supplements affected some biochemical parameters,
related to liver functioning, in mouse blood. To check this, we measured the activity of two liver
enzymes, namely aspartate aminotransferase and alanine aminotransferase (Fig. 4). As we can
see in Fig. 4A and B, there was no statistical difference in the enzyme activities between all groups.
However, the de Ritis ratio, or AST/ALT ratio, showed a downward trend, but ALT activity
demonstrated the opposite trend.
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Figure 4. Enzyme activity in blood of 20-month-old mice fed the basic food (control group)
or basic food supplanted with R. rosea (R. rosea group) or different dosed of aspirin (ASA 5mg
and ASA 25mg) in drinking water. Alanine aminotransferase activity (A), aspartate
aminotransferase activity (B), and De Ritis ratio (C). n = 3-6. Holm-Sidak test was used for
multiple comparisons

By investigating the effects of substances which are known to prolong lifespan, we aimed to
assess their impact on healthspan and examine whether R. rosea and aspirin could rejuvenate old
mice. Across all measured parameters, no statistically significant differences were observed, but
there were some important non-significant trends.

Firstly, aspirin in our experimental groups showed a non-significant change in serum ALT
activity at both concentrations tested. The role of ALT activity in aging organisms remains
unclear, as existing studies report conflicting results: some indicate a decrease in ALT activity
with age, while others suggest an increase (Dong et al., 2012). In our study, the De Ritis ratio in
old mice was less than 1. By contrast, a previous study reported on a De Ritis ratio of
approximately 3.8 in younger mice of the same strain (Kawashita et al., 2019). Typically, a De
Ritis ratio below 1 is associated with a healthy, recovering, or chronic state (Botros & Sikaris,
2013). This discrepancy suggests that ALT activity may increase in older mice. Our data indicate
that aspirin might elevate ALT activity, although most studies report that aspirin reduces ALT
activity, with an increase observed in only 3% of cases (Teramoto et al., 2021).



In summary, while the De Ritis ratio <1 in our study aligns with a chronic or recovering state,
the potential influence of aspirin on ALT activity in aged mice warrants further investigation.
These findings highlight the complexity of ALT dynamics in aging and its modulation by
pharmacological agents.

Secondly, our study did not reveal any significant differences in behavioral tests across the
experimental groups. This outcome prompted us to compare our findings with those of previous
studies investigating the effects of Rhodiola. Interestingly, several researchers reported that mice
treated with Rhodiola exhibited increased time spent in the central zone during open field tests, a
behavior commonly interpreted as reduced anxiety levels (Li et al., 2022). In addition, the
behavioral effects of Rhodiola might be influenced by the strain, age, or sex of the mice, as these
biological factors are known to modulate responses in behavioral tests. The mice used in our
study may differ in their baseline anxiety or stress reactivity compared to those used in prior
experiments. Additionally, environmental factors, such as housing conditions and test room
settings, can significantly impact behavioral outcomes and might explain some variability
between studies (Silvero-Isidre et al., 2018).

Finally, the effects of Rhodiola could depend on the specific behavioral paradigms used. While
the open field test is a widely accepted measure of anxiety, it primarily assesses exploratory
behavior in a novel environment (Perfumi & Mattioli, 2007). Other behavioral tests, such as the
elevated plus maze or light/dark box, might provide complementary insights into anxiolytic
potential of Rhodiola and could be worth exploring in future experiments (Kawashita et al., 2019).

Taken together, the lack of observable differences in our study underscores the complexity of
evaluating natural adaptogens like Rhodiola. It highlights the importance of standardized
methodologies and the need for further research to elucidate the underlying mechanisms driving
its behavioral effects (Kawashita et al., 2019).

CONCLUSIONS

The study revealed that dietary supplements of Rhodiola rosea aqueous extract and aspirin,
administered at concentrations of 5 and 25 mg/kg body mass per day, did not induce statistically
significant changes in behavioural parameters such as average speed, distance travelled over 10
minutes, or the time spent in the inner and outer squares during the open field test. Additionally,
these supplements did not significantly alter lipid peroxide levels in the brain or the activities of
the enzymes AST and ALT in blood plasma of old mice. However, a trend toward increased ALT
activity was observed in mice consuming aspirin, which may suggest potential liver damage.
These findings indicate that while the tested doses of R. rosea extract and aspirin do not
significantly impact behavioural or biochemical parameters in aged mice, caution may be
warranted due to possible hepatic effects associated with aspirin supplementation. Obviously,
the use of substances with a geroprotective effect at a very old age does not have the same
protective effect as in earlier use.
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Bitaain Jepkados, Baaanucaas bepesoscbknit. Brians Podioau posxesoi Ta aciipuHy Ha IOBeAIHKY
Ta AesKi OioXiMiuHI MOKa3HMKM y cTapux muteit. 2Kyprar [Ipukapnamcviozo yHisepcumenty imeni
Bacuasa Cmeganuia. biorozis, Tom 11 (2024), C.93-C.103.

Le gocaig>keHHs1 BUBYA€ BILAMB BOAHOTO ekcTpakTy Rhodiola rosea Ta HU3bKMX i BUCOKUX 403
acIipuHy Ha IIOBeAiHKy i OioximiuHi mokasHukm y crapmux muieir ainii C57BL/6]. Oonasi
PEYOBMHM IIMPOKO BigOMi CBOIMM TepamleBTUMYHMMMU BAACTUBOCTSAMM Ta IHOTEHI[IMHUMU
repoIIpOTEeKTOPHIMI edeKTaMM Ha IPOCTMX OpraHi3Max, TakKmX SIK ApikAXi Ta Drosophila.
AcrtipuH, abo anieTnacainmaosa KICAOTa, € IpeliapaToM, 1110 BUKOPUCTOBYEThCS A4S AiKyBaHHS

00410 Ta TapsI9KY, @ TAKOK Ma€ IIpOTU3arialbHi Ta KapO3HIKyBaAbHi BAacTuBOCTi. Bcranosaeno,
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IO acCHipyMH MOJAOBXYE€ TPUBAAICTb >KUTTS MOAEABHUX OpraHi3MiB, SKIIO JOTO BXXMBaTU
IIPOTATOM yChOTO KUTTI, ale He B crapiioMy Billi. Rhodiola rosea BBaka€Thcst reporpoTeKTOpOM
i3 BAACTMBOCTAMM OMOAOAXeHH:A. BoHa MicTuTh psg4  CIOAYK, SKi MOXYTh AiATH  SK
IpoTM3aralbHi ado mpotupakosi areHTn. Kpim TOoro, € cBigueHHs, 1o ekcTpaktu R. rosea
MOKPAIYIOTh AKICTb JKUTTs Y AITHIX AI0A€M 1 II0OAOBXYIOTh TPUBAAICTD JKUTTSL.

Mumam BikoMm 17 wmicsanis (1o sianosigae mpndansso 80 AI0ACBKMM pOKaM) IPOTSITOM ABOX
MicAIiB BBOAUAM €KCTPaKT podioam abo acmipmuy (5 MI/Kr i 25 MI/Kr Macu Tida IJOAHA).
IToseaiHKOBa OITiHKa 3a 4OIIOMOIOIO TeCTy "BiAKpHUTe moAe" He BUsBMAA 3HAYYILINX BigAMiHHOCTe
MIX Ipynamu, Xoda CIIoCTepiraamcst TeHAEHIIII 40 MiABUIIIEHH: TPUMBOXKHOI ITOBeAIHKI Y MUILIET],
SKI OTPUMYBaAM acHipuH y 403i 25 Mr. bioxiMiuynnit aHaai3 He BUSBUB CTaTUMCTUYHO 3HAYYIIMIX
3MiH y piBHI IIepeKICHOIO OKMCAEHH: AiMiAiB y MO3Ky abO aKTMBHOCTI (pepMeHTiB IediHKI
(aaaninaminorpancdepasa, AT, i acmapraraminorpancdepasa, ACT), xoua Oyao momiueHo
TeHAEHIIIIO A0 MigBuieHH:A aktuBHOcTi ALT npu B>XXmBaHHI acripuHy, 10 MOXe CBiAYUTH IIPO
IOTeHIIiJiHe HaBaHTa’KeHH:s Ha mnedinky. Lli pesyabpraTi HiAKpecAIOIOTh CKAAaAHICTh OL[IHKM
repOIIPOTEKTOPHMX BTPy4aHb y CTapyX OpraHi3Max i CBig4aTh IIpO Te, IO eKCTpakT R. rosea ta
acHipuH y BUIIpoOyBaHIX A403aX MOXYTh MaTi OOMe>KeHy e(PeKTVBHICTD y ITOKpallleHHi 340POB s
B AiTHbOMY Bimi. Jas miATBepAXKeHHS LMX IIONepejHiX BMCHOBKIB IIOTPiOHI moAaAbIii
AOCAiA>KeHH: 3 OiABIIMIMY IPyIIaMU Ta 404aTKOBUMU OioMapKepaMI.

Kaiouosi caosa: acmipus, crapiHHiA, 340poB’s, Pogiza poskesa, mwuimr, xapuyosa Ao0OaBKa,
I[IOBeAiHKa.



