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Abstract

Dracocephalum polychaetum is a significant medicinal plant known for its antioxidant and
anticancer properties. In this study, we assessed the impact of varying yeast extract (YE) doses
on the levels of certain phenolic compounds in D. polychaetum cells. The experiments followed
a completely randomized design with three replicates. The results indicated that all parameters
considered in the treated cells showed a significant difference compared to the control. Our
results indicated that the highest activities of the key enzymes PAL and TAL were observed in
cells treated with 100 mg/L of YE, suggesting a response to oxidative stress induced by YE.
Consequently, the highest contents of total phenol, flavonoid, quercetin, catechin, carvacrol, and
thymol were found in cells treated with the same YE concentration. In addition, cells treated
with 25 mg/L YE showed the highest levels of rosmarinic acid. The response to different YE
concentrations was dose-dependent rather than linear. Therefore, we conclude that moderate YE
concentrations (100 mg/L) effectively increase phenolic contents. Moreover, the variations in
phenolic compound levels may represent a defense mechanism in D. polychaetum cells exposed
to YE. Based on the correlation coefficient, the accumulation of phenolic compounds can be
positively regulated by activating key enzymes, particularly the PAL enzyme, in the
phenylpropanoid biosynthesis pathway in cells treated with YE.
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Introduction

Dracocephalum polychaetum is a medicinal plant known for its potent antioxidant and anticancer properties.
Extensive research has highlighted this species' applications in modern and traditional medicine, particularly
its anti-inflammatory, antioxidant, antimicrobial, and anticancer properties. Phytochemical analyses have
revealed a variety of phenolic compounds present in the plant. However, production of these valuable
metabolites is often limited, usually making up less than 1% of the dry weight. This production is influenced
by the plant's physiological and developmental stages and environmental conditions.

To overcome the limitations in producing secondary metabolites, tissue and cell suspension cultures have
emerged as effective biotechnological strategies. The biosynthesis of these metabolites can be significantly
enhanced by applying biotic and abiotic elicitors. One commonly used elicitor is yeast extract (YE), which
has been demonstrated to substantially increase the production of secondary metabolites compared to
untreated controls.

Despite the medicinal significance of D. polychaetum, there is a lack of experimental studies utilizing biotic
elicitors to boost its metabolite production. Therefore, this study aims to investigate the effects of various
concentrations of YE on the accumulation of specific phenolic compounds, as well as the activity of key
enzymes involved in their biosynthetic pathways, hamely phenylalanine ammonia-lyase (PAL) and tyrosine
ammonia-lyase (TAL), within D. polychaetum cell cultures.

Material and Method

D. polychaetum seeds were germinated in MS medium supplemented with GAs under dark conditions at
25°C. Hypocotyl explants were cultured in MS medium containing BAP, NAA, sucrose, and agar to induce
callus formation, also in complete darkness at a temperature of 23£2°C. The resulting calli were then used to
establish suspension cultures maintained at 25°C on an orbital shaker and subcultured every 12 days to
promote uniform cell growth.

On the eighth day of cultivation, during the logarithmic growth phase, the cells were treated with varying
concentrations of YE. The cells were harvested on the 13th day. The phenolic and flavonoid content and the
activities of the PAL and TAL enzymes were quantified using UV-Vis spectrophotometry, while HPLC was
utilized for phytochemical analysis. Statistical analyses were conducted, including Duncan's test (P < 0.05)
and principal component analysis (PCA), to identify significant differences and relationships among the
physiological parameters.

Results and Discussion

The findings indicated that YE treatment significantly affected all measured parameters in D. polychaetum
cells compared to the control group. The highest activities of PAL and TAL were found in cells treated with
100 mg/L YE. This suggests a strong response to the oxidative stress induced by YE. Additionally, this
treatment led to the most significant accumulation of total phenols, flavonoids, quercetin, catechin, carvacrol,
and thymol. Notably, the maximum content of rosmarinic acid was observed in cells treated with 25 mg/L
YE.

The response to YE was dose-dependent yet non-linear, with moderate concentrations (100 mg/L) proving
most effective in enhancing phenolic compound production. These variations imply a defensive mechanism
in D. polychaetum cells, which upregulate phenolic biosynthesis as a protective response to YE treatment.
Correlation analysis further confirmed a positive association between the accumulation of phenolic
compounds and the activation of PAL, underscoring the enzyme's critical role in regulating secondary
metabolite production.

YE is abundant in amino acids, vitamins, and minerals supporting plant growth and development.
Additionally, it acts as an elicitor by triggering secondary signaling pathways by generating free radicals.
These reactive molecules serve as secondary messengers, activating the phenylpropanoid pathway and
stimulating the synthesis of phenolic compounds. The increased production of these potent antioxidants
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likely helps protect plant cells under YE-induced oxidative conditions, highlighting the potential of YE as an
effective elicitor for enhancing secondary metabolite production in medicinal plants.

Conclusion

This study demonstrates that YE is an effective elicitor for enhancing the production of secondary
metabolites in D. polychaetum. Moderate concentrations of YE (100 mg/L) significantly activated the
phenylpropanoid pathway, leading to increased activity of PAL and TAL. As a result, there was an enhanced
accumulation of phenolic compounds such as quercetin, catechin, and thymol. These findings highlight the
potential of YE to optimize the biosynthesis of valuable medicinal metabolites, offering a sustainable
strategy to address the limitations of natural metabolite production in medicinal plants.
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Figure 1- Mean comparison the yeast extract (YE) concentrations (0, 25, 50, 100, 150 and 200 mg/L) on the (a) PAL activity and
(b) TAL activity in D. polychaetum cells. Data are mean values of three replicates + SE. Dissimilar letters indicate significant

differences based on Duncan’s test (P<0.05).
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Table 2—- Mean comparison of various concentrations of YE on phenolic content in D. polychaetum cells.

Concentration TPC TFD Catechin Quercetin p-CglCJ;”(rjlaric Carvacrol Ros:;?(;inic Thymol
(mg/L) MISAY | LgQuFW | uglgFW | nglgFW | pglgFw ug/g FW Molg FW | pgig FW

0 1.54+0.04 ¢ 97.15+2.36°¢ | 7.38+1.25% | 18.69+0.04 ¢ ND © 5.88+0.12° 8.28+0.02 ° 4.68+0.05 ©

25 1.66+0.11¢ | 107.2249.36° | 7.69+0.27 ¢ 13.43+0.06 ND® 5.38+0.04¢ 24.29+0.08% | 4.99+0.02°

50 2.65+0.11° | 119.08+2.97%| 4.35+0.14¢ | 32.66+0.07 ¢ ND © 6.99+0.016 ° 14.45+0.13° | 4.54+0.02 ¢

100 3.21+0.07 2 119.46+2 2 7.82+0.16* | 108.22+0.28 2 ND® 7.67+0.23% 8.9+0.12° 5.26+0.05?

150 3.03+0.10° | 112.93+3.12* | 6.52+0.03* | 61.56+0.08° | 0.15+0.002 2 6.84+0.11° 8.4+0.07° 4.7+0.06 ©

200 1.56+0.13 ¢ 89.36+2.54 ¢ | 6.12+0.13° | 21.43+0.06 ¢ ND © 5.51+0.2 9 12.05+1.38° | 4.43+0.05°¢

NOt ) ND .cul(P<0.05) -SGls 0 5a3T olal p 3350 s gime 3 a0 alial Cog > 5 0ds 03ls Olii t SEM 1 SG a5 Kle olul  5lie

JS A5 59N (gl g (TED ((JS7 f5 (6l gims TPC.ol sl ojlae 53 b LS 5 5 pule adias oLz (Detected
Data are mean values of three replicates£SD. Dissimilar letters indicate significant differences based on the Duncan test (P<0.05).
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Figure 2- A simple correlation pattern between the different Yeast extract concentrations (0, 25, 50, 100, 150, and 200 mg/L) and
various parameters of treated and untreated cells. YE: yeast extract, RA: Rosmarinic acid, p-CA: p-coumaric acid, TYML: Thymol,

OUR; Quercetin, TPC: total phenolic compound, TFD: total flavonoid content, CAT: Catechin, PAL: phenylalanine ammonia-lyase,
CVC: Carvacrol, TAL: tyrosine ammonia lyase.
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Figure 3- Heatmap analysis and Pearson’s correlation coefficient (p) calculated for the YE-treated and untreated cells. Heatmap
compares the changes in all studied traits. The normalization procedure consisted of mean row-centering with color scales. YE: yeast
extract, RA: Rosmarinic acid, p-CA: p-coumaric acid, TYML: Thymol, OUR; Quercetin, TPC: total phenolic compound, TFD: total
flavonoid content, CAT: Catechin, PAL: phenylalanine ammonia-lyase, CVC: Carvacrol, TAL: tyrosine ammonia lyase.
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