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Introduction: Rhodiola rosea L. is among the most popular plants, acting as adaptogens. Glioblastoma is the most
common and malignant brain tumor in adults and frequently occurs in children, with median overall survival of 14.6
months. Over the past 10+ years, hundreds of clinical trials have ended without any clinical benefit, due to the cellular
heterogeneity and complexity of the disease, as well as some limitations due to technical issues and ethical restrictions.

Aim: The aim of this study was to evaluate the anti-proliferative and apoptotic activity of 70% methanolic extract of R.
rosea rhizomes, as well as its major compounds in vitro, towards human glioblastoma cell line U87 MG and in vivo, in
humanized murine glioblastoma model.

Materials and Methods: The metabolites in the rhizomes of R. rosea were identified by 1D and 2D-NMR spectra (J-
resolved, COSY and HSQC). Further, the identified molecules were quantified by HPLC. The anti-proliferative activity was
assessed by MTT colorimetric assay, while the apoptosis was evaluated by flow cytometry. The generation of the
humanized murine glioblastoma model was done by slowly deposition of glioblastoma cells at concentration of 1x105

cells/µL in the SCID mice at a rate of 1 µL/min in the right striatum at a depth of -3 mm from dura with a 10-µL syringe

Results and Discussion:

The level of cell proliferation was evaluated on the last four
hours after a three-day culture period (Figure 2). The most
prominent activity was observed by the rhizomes extract at
100 μg/mL with approximately 30% decrease of the cells
proliferation. The most active were rosarin and salidroside at
25 μg/mL with 20.57% and 16.59% inhibition of the cell
proliferation. Rosin, p-tyrosol and rosavin had an anti-
proliferative activity in the same range at 100 or 200 μg/mL.

Figure 1. NMR spectra of R. rosea rhizomes, (A): 600 MHz 1H NMR
spectrum and chemical structures of p-tyrosol [1], salidroside [2],
rosarin [3], rosavin [4] and rosin [5]; (B): Heteronuclear single
quantum coherence spectroscopy (1H-13C HSQC).

Figure 2. Effect of R. rosea rhizomes extract and pure compounds
on the proliferation of the glioblastoma cells. Results are expressed
as the mean value ± SD of triplicated assays. values were calculated
using the two-way ANOVA test (*p<0.05, ** p<0.01, *** p < 0.001).

Figure 3. Effect of R. rosea rhizomes extract
and pure compounds on the apoptosis of the
glioblastoma cells. Results are expressed as the
mean value ± SD of triplicated assays. P values
were calculated using the two-way ANOVA
test (*p<0.05, ** p<0.01, *** p < 0.001).

Conclusions: NMR-based metabolomics approach has been successfully applied to identify
the metabolites in R. rosea rhizomes. The rhizomes are rich source of the characteristics for
the species phenylethanoids and phenylpropanoids.
R. rosea rhizomes and its pure compounds can influence directly the cell proliferation and the
cellular metabolism. The research in mice was conducted in immunodeficient animals and
there was a direct increase effect on the life span of the treated groups, which reveals the
positive effect of the extract, itself, even though no immune cells were involved.
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The characteristic signals (Figure 1) of p-tyrosol and salidroside in the aromatic region at δ 7.16 (d, J = 8.6 Hz, H-2/6) and 6.8 (d, J = 8.6 Hz, H-3/5) indicated a
para-substituted phenyl ring and triplet was observed at δ 2.87. The structure of rosavins was identified by the signals of the symmetric carbons in the aromatic
ring: 1H NMR: δ 7.47 (d, J = 7.7 Hz, H-2/6), δ 7.36 (t, J = 7.4 Hz, H-3/5), δ 7.22 (t, J = 7.5 Hz, H-4), δ 6.72 (d, J = 16.0 Hz, H-7), δ 6.37 (dt, J =16.0; 6.0 Hz, H-8).
According to the HPLC analysis the content of salidroside, p-tyrosol, rosarin, rosavin and rosin was 2.67±0.05, 0.024±0.00, 0.37±0.01, 1.97±0.11, 0.04±0.04%.

Further, the cell apoptosis of the extract
and the pure compounds was
investigated by flow cytometry at
concentration of 100 μg/mL (Figure 3).
The highest apoptotic rate belonged to
the rhizomes extract (38.83%), followed
by that of salidorside (35.07%), rosarin
(31.87%), rosavin (30.83%), p-tyrosol
(27.87%) and rosin (27.70%).

For mice treatment two therapies were developed: an intensive (simultaneous treatment with the
extract and salidroside after injection of the glioblastoma cells in the mice) and normal (the treatment
starts after tumor formation, which usually occurs after 2-3 weeks) therapy. The dose applied was 500
mg/day for human, calculated for mice with an average body weight of 25 g. The results showed that
the intensive treatment with the extract suppressed the tumor growth at the 10th week (Figure 4). The
same treatment increased the life span of the mice with two weeks as well (Figure 5).

Figure 4. Effect of R. rosea rhizomes extract and
salidroside on tumor growth in mice.

Figure 5. Effect of R. rosea rhizomes extract and
salidroside on mice life span.
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