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17 Abstract: Thai basil is a renowned medicinal plant and a rich source of bioactive antioxidant
18 compounds having several health benefits, with actions to prevent of cancer, diabetes and
19 cardiovascular disease. Plant cell and tissue culture technologies can be routinely established as an
20 important, sustainable and low-cost biomass source for the production of high-value
21 phytochemicals. The current study aimed at developing an effective protocol for the production of
22 Thai basil leaf derived callus cultures with sustainable and high production of biomass and
23 antioxidants as an alternative of leaves production. MS basal medium with various concentrations
24 of plant growth regulators (PGRs) compatible with nutraceutical applications (i.e., gibberellic acid
25 (GA3) and 6-benzylaminopurine (BAP) either alone or in combination with naphthalene acetic acid

26 (NAA)) were evaluated. Among all tested PGRs, the combination BAP:NAA (5 mg/L:1 mg/L) yield
27 maximum biomass accumulation (fresh weight (FW): 190 g/L and dry weight (DW): 13.05 g/L) as
28 well as enhanced phenolic (346.08 mg/L) production. HPLC quantification analysis indicated high
29 productions of chicoric acid (35.77 mg/g DW) and rosmarinic acid (7.35 mg/g DW) under optimized

30 callus culture conditions. Antioxidant potential was assessed using both in vitro cell free and in vivo
31 cellular antioxidant assays. Maximum in vitro antioxidant activity DPPH (93.2 % of radical
32 scavenging activity) and ABTS (1322 uM Trolox equivalent antioxidant capacity) was also observed
33 for the extracts from callus cultures grown on optimal conditions. In vivo cellular antioxidant activity
34 assay confirmed the effective protection against oxidative stress of the corresponding extract by the
35 maximum inhibition of ROS and RNS production. Compared to commercial leaves, callus extracts
36 showed higher production of chicoric acid and rosmarinic acid associated with higher antioxidant
37 capacity. In addition, this biological system also has a large capacity for continuous biomass
38 production, thus demonstrating its high potential for possible nutraceutical applications.

39 Keywords: Antioxidants; Biological System; Caffeic Acid; Callus culture; Chicoric Acid; Phenolics;
40 Plant in vitro Cultures; Rosmarinic Acid; Thai Basil

41

42 1. Introduction

43 Genus Ocimum (Family Lamiaceae) includes almost 150 species of herbs and shrubs that habitats
44 the semi tropical and tropical regions of America (Central and South), Asia and Africa [1,2]. Since
45  prehistoric times, basil was used as flavoring agent and for fragrance in food and cosmetics [3].
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46 Ocimum species, but also cultivars within the same species, varied—considerably in their
47  phytochemical compositions [4]. Ocimum basilicum L. cv 'Thai Basil' is used as herbal medicinal
48  products [5]. Indeed, Thai basil is a reservoir of a pharmaceutically important metabolite, such as
49  rosmarinic acid and chicoric acid [5,6]. These plant specialized metabolites play a pivotal role in
50  plant-environment interactions, provide biotic and abiotic stress tolerance and are used as
91  pharmaceutical agents because they have a variety of antioxidant, anticancer, antimicrobial or
52  antidiabetic activities [7-10].

53 Plant specialized metabolites of pharmacological significance may be difficult to extract in high,
54 sustainable and continuous quantities from field-grown plant material, but in vitro cultures have been
95 identified as a possible biological system for the production of these metabolites [11]. In vitro culture
56  techniques provide consistent production schemes for metabolites that are free from environmental
57  limitations and ensure increased biomass and a high concentration of compounds compared to
58  natural production systems [12]. In addition, in the case of basil varieties or cultivars which can be
59  differentiated on the basis of color, aromatic composition and growth habitat, sometimes harvested
60  from nature, thus complicating its botanical identity, the in vitro system presents a major advantage
61  for the certification of plant authentication [4,13]. Various reports are available in the literature on the
62  in vitro production of bioactive metabolites from the callus culture of medicinally important plants.
63  For example, Smith [14] reported on the production of shikonin by Lithospermum erythrorhizon Siebold
64 & Zucc, a natural dye used in food and/or cosmetic applications, as well as of the anticancer drug
65  paclitaxel by Taxus L. species or the antimicrobial berberine by Coptis japonica Wall. cultures.

66 Previously, different varieties or cultivars of O. basilicum L. have been used to develop different
67 types of in vitro cultures [10,15,16]. Following our works on O. basilicum L. cv Purple basil [10,17,18],
68  the current study aimed at establishing a proficient protocol for Thai basil in vitro cultures that are
69 effective in producing continuously high biomass and accumulating high levels of antioxidants under
70 the treatment of various PGRs, either alone or in combination. Culture extracts were further analyzed
71 for total phenolic production, HPLC quantification of chicoric acid, rosmarinic acid, and caffeic acid,
72 as well as antioxidant capacity using both in vitro cell-free (DPPH, ABTS and FRAP assays) and
73 cellular assays. These values were compared with those obtained from commercial leaves for extract.

74 Inthe light of these results, the nutraceutical potential of the established Thai basilin vitro cultures is
75  discussed.

76 2. Materials and Methods

77  2.1. Chemicals and Reagents

78 In the current research, solvents of analytical grade were used, supplied by Thermo Scientific
79  (lllkirch, France). All reagents and standards were bought from Merck (Saint-Quentin Fallavier,
80  France).

81  2.2. Plant Materials and Callus Culture Establishment

82 Seeds of Thai basil were obtained from National Agriculture Research Center (NARC, Islamabad,
83  Pakistan). Procedure of Abbasi et al. [19] was adopted for seed surface sterilization. Seeds were
84  immersed for 30 sec in mercuric chloride (0.1%) and afterward in ethanol and washed thrice with
85  distilled water. MS basal medium [20] with agar (8 g/L) and sucrose (30 g/L) were utilized for seed
86  germination. For callus culture establishment, 1-1.5 cm long sections of leaf explant from 28 days old
87  in vitro plantlets were inoculated on MS basal medium with different concentrations of BAP, GAs
88  alone or along with Img/L NAA (Table S1). Each concentration was replicated three times and the
89  entire experiment was performed twice. Data of callogenic frequency was noted on weekly basis and
90  callus was subcultured with the same PGRs concentration after every 4 weeks. Following this, callus
91  cultures were harvested after the first subculture for the determination of fresh weight (FW) and dry
92  weight (DW) respectively, as described previously [10].

93 In addition, 4 different samples of commercial leaves of Thai basil were purchased from organic
94 markets (NaturéO, Chartres, France) for comparison purpose.
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95  2.3. Sample Extraction

96 The extracts from fine powder of lyophilized dried sample were obtained using the validated

97  green extraction method designed for the extraction of rosmarinic acid derivatives from Lamiaceae

98  [21]. Shortly, the extraction consisted in S/M ratio of 25:1 ml/g DW mixed with 20 ml of pure ethanol

99  (100%) as the extraction solvent extracted during 45 min in an ultrasound bath (USC1200TH, Prolabo,
100  Sion, Switzerland) with operating at an ultrasound frequency of 30 kHz with extraction temperature
101  setat45 °C. After extraction, centrifugation was carried out for 15 min at 8,000 x g, and the resulting
102  supernatant filtered (0.45 um, Merck, Saint-Quentin Fallavier, France) prior further analysis.

103  2.4. Determination of Total Phenolic (TPC)

104 Determination of TPC was performed by adopting the procedure of Singleton & Rossi [22].
105  Extract (20 pl) was mixed with Folin-Ciocalteu (FC) reagent (Merck, Saint-Quentin Fallavier, France)
106 (90 pl) and kept for 5 min before adding sodium carbonate (90 pl). Gallic acid as positive and DMSO
107  asnegative control were used. Absorbance was recorded at 630 nm with microplate reader. By using
108 the following formula, the total phenolic production was estimated: TPP (mg/L) = TPC (mg/g) x DW
109  (g/L).

110  2.5. HPLC Analysis

111 Chicoric acid, rosmarinic acid and caffeic acid were estimated by HPLC using a method
112 validated according to international standards of the association of analytical communities (AOAC)
113 [10]. A reversed phase HPLC fitted with autosampler, Varian (Les Ulis, France) Prostar 230 pump
114  and a Varian Prostar 335 photodiode array detector was utilized by following previously reported
115  protocol [23]. A RP-18 Purospher (Merck) column (250 mm x 4.0 mm, internal diameter: 5 um) was
116  used at 35° C for separation. The mixture of acetic acid (0.2%), water and methanol were used as
117  mobile phase. During 60 min run the composition of mobile phase was varied linearly from 5:95(v/v)
118  to 100:0(v/v) at a uniform flow rate of 0.6 mL/min. Compounds were detected at 320 and 520 nm.
119  Compounds identification was achieved by comparing with their commercial standards (Merck,
120 Saint-Quentin Fallavier, France). Quantification was carried out using 5-point calibration curves 1
121  with at least 0.998 correlation coefficient [10]. Triplicate assays were conducted, and results were
122 demonstrated as mg/g DW of the sample.

123 2.6. Antioxidant Activity
124 2.6.1. DPPH Assay

125 Free radical DPPH (2,2-diphenyl-1-picrylhydrazyl) scavenging potential was evaluated by
126  following protocol of Shah et al. [24]. Shortly sample extract (20 pl) was blended with 180ul of DPPH
127  solution and kept for 1h in dark. Using the microplate reader, readings were recorded at 517 nm. Free
128  radical scavenging potential was estimated by following equation: % scavenging = 100 x (1 - AE/AD).
129  With, AE = dilution absorbance at 517 nm and AD = pure DPPH absorbance as a standard

130  2.6.2. ABTS Assay

131 Protocol of Velioglu et al. [25] was adapted for ABTS (2,2-Azinobis (3-ethylbenzthiazoline-6-
132  sulphonic acid) assay. Briefly by combining equal amount of ABTS salt (7 mM) and potassium per
133 sulphate (2.45 mM) solution was prepared. Then placed for 16 h in dark after adding callus extract.
134  Absorbance was measured at 734 nm, after keeping the mixture for 15 min in dark at 25° C. Triplicate
135  assays were performed and antioxidant power was demonstrated as TAEC.

136  2.6.3. Ferric Reducing Antioxidant Power (FRAP) Assay

137 To find out FRAP, protocol of Benzie and Strain [26] was adapted. Sample extract (10 ul) was
138  blended with of FRAP solution (190 ul). Absorbance was recorded at 630 nm after incubating the
139  mixture at 25° C for 15 min. Triplicate assays were performed and antioxidant power was
140  demonstrated as TAEC.
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141  2.6.4. Cellular Antioxidant Assay

142 Cellular antioxidant assay was performed with the detection of reactive nitrogen (RNS) and
143 oxygen (ROS) species levels were determined by using a fluorescent dye Dihydrorhodamine-123
144  (DHR-123) as described previously [27]. Overnight incubation of yeast cells with Thai basil extracts
145  wasdone. Then washed two times with PBS and kept at 30° C in the dark for 10 min. BioRad (Marnes-
146  la-Coquette, France) Fluorimeter (Aem = 535 nm, Aex =505 nm) was used for detection of fluorescent
147  signal after repeatedly washing with PBS.

148  2.7. Statistical Analysis

149 Means and standard deviations of three to three separate replicates were used to present the
150  data. Statistical analysis was performed with XLSTAT 2019 (Addinsoft, Paris, France) following the
151  manufacturer’s instructions using Kruskal-Wallis test. Significant threshold at p < 0.05 was used for
152  all statistical tests and was represented by different letters in the Tables and Figures. Correlation
153  analysis was performed with Past 3.0 (Jyvind Hammer, Natural History Museum, University of
154 Oslo, Oslo, Norway) using the Pearson parametric correlation test and visualized using Heatmapper

155  [28].
156 3. Results and Discussion
157  3.1. Callus Induction and Biomass Production

158 Callogenesis from 28 days old leaf explants was evaluated for optimum biomass production in
159 response to various PGRs (BAP, GAs, NAA) treatments either alone or in combination (Table S1). The
160  morphological aspects of the resulting Thai basil callus on different culture media are shown in
161  Figure 1B. Morphological differences in the color and texture of callus were noted. Here, callogenesis
162  originated at the cut end of explants after 7 to 12 days in response to all tested PGRs. However, the
163  callogenic frequency was varied in response to all PGRs tested. A high callogenic frequency of 95%
164  was observed for BAP:NAA (5 mg/L: 1 mg/L) followed by 92 % for BAP:NAA (2 mg/L: 1 mg/L).
165  Callogenesis resulted around 20 % to 70 % for BAP treatments but the value improved to 95 % when
166 NAA was used in combination with BAP (Table S1). No callus induction was observed in the MS
167  basal medium without hormones, whereas the initiation of callogenesis was observed with NAA
168  alone, but the callus rapidly turn brown, without noticeable growth and eventually die.

169 Maximum FW (190 g/L) and DW (13.05 g/L) biomasses were produced in presence of BAP:NAA
170 (5 mg/L: 1 mg/L) (Figure 1B). While lowest FW (31.5 g/L) and DW (3.7 g/L) biomasses were noted for
171  GAs (10.0 mg/L) (Figure 1B). Moreover, the maximal production of FW and DW biomasses were
172  detected for all BAP concentrations (0.25-5.0 mg/L) combined with NAA (Figure 1B).

173 Earlier reports have shown that exogenous auxins in major angiosperm species are essential
174 growth regulators for callus induction [29]. Cytokinin along with auxin is generally required for
175  maximum callus induction by most plant species. In particular, the need for exogenous cytokinin to
176  maintain the interdependent balance between cytokinin and auxin that promotes cell division has
177  been reported as a significant strategy for the production of callus [30,31]. Likewise, in numerous
178  other medicinal plant species, the combination of NAA with other PGRs resulted in maximum
179  callogenic frequency [19,32]. However, higher concentrations of applied PGRs may limit the
180  callogenesis, possibly due to the repression of some endogenous hormones [33]. The combination of
181  BAP and NAA have been shown to produce optimum biomass for callus cultures of many medicinal
182  plants such as the endangered species Aquilaria malaccensis Lam [34]. This may result from the
183  synergistic interaction between BAP and NAA as observed for the production of Brassica oleraces L.
184  callus culture biomass [35]. In our previous studies, on O. basilicum L. cv Purple basil in vitro cultures
185  optimal production of biomass was achieved using the PGR thidiazuron (TDZ) [10]. However, TDZ
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is no longer considered safe in Europe where its use is banned in particular for nutraceutical

applications, which is the intended application.
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Figure 1. (A) Effects of different PGRs on callogenesis from Thai basil leaves explants. (al) 1 mg/L
BAP, (a2) 5 mg/L BAP, (a3) BAP:NAA (0.5 mg/L: 1 mg/L), (a4) BAP:NAA (5 mg/L: 1 mg/L), (a5) 2
mg/L GAs, (a6) 5 mg/L GAs, (a7) GA:NAA (0.25 mg/L:1 mg/L), (a8) GAxNAA (5 mg/L: 1 mg/L); (B)
Biomass accumulation in response to different PGRs. Fresh weight (FW) and dry weight (DW) from
leaf derived callus grown on BAP (0.25, 0.5, 1, 2, 5, 10 mg/L) and GA3 (0.25, 0.5, 1, 2, 5, 10 mg/L) alone
or in combination with NAA (1 mg/L). Values are means + standard deviations (SD) of at least 3
independent experiments. Different letters represent significant differences between the various

extraction conditions (p < 0.05). Note that no differences were observed for the statistical groups for

the FW and DW values.
3.2. Production of phenolic compounds

3.2.1. Total Phenolic Content (TPC)

In response to BAP combined with NAA (5 mg/L: 1 mg/L) callus yield maximum total
phenolic content (TPC) of 132.6 mg/g DW (Table 2). On the contrary, BAP alone, whatever the
concentration applied, resulted in a lower TPC ranging from 42.5 to 70.8 mg/g DW. We noted
that for each BAP concentration used, the addition of NAA increased TPC. Minimum TPC
values ranging from 21.8 to 37.0 mg/g DW have been detected for GAs treatments (0.25-10.0
mg/L). In addition to GAs, NAA also stimulated the accumulation of total phenolics.
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206 Interestingly, higher TPC was obtained in extract from in vitro callus cultures grown under
207  optimal PGRs conditions as compared to the extract from commercial leaves of Thai basil (Table
208 1.
209 Table 1. Quantification of the main phenolic compounds accumulated in extracts from Thai basil
210 callus cultures in response to different PGRs treatment and leaves.
PGR Treatments TPC! Chicoric acid Rosmarinic acid Caffeic acid
(mg/g DW) (mg/gDW) (mg/g DW) (mg/g DW)
0.25GA3 27.0+0.9 ¥ 20.8+0.9 2.240.1f 0.06+0.03 b
0.5GA3 31.841.5k 23.840.7 ¢ 3.1+0.2¢ 0.06+0.02°
1GA3 31.8+3.4k 28.140.7 < 3.0+0.2 ¢ 0.06+0.02°
2GA3 37.0+2.81 28.5+0.6 3.7+0.2 ¢ 0.07+0.02°
5GA3 32.743.2 27.0+0.5 4 3.9+0.2 0.06+0.03°
10GA3 21.8+1.8! 21.5+0.4f 3.1+0.2¢ 0.05+0.03°
0.25GA3+NAA 52.743.6 22.7+0.4 ¢ 434034 0.06+0.02
0.5GA3+NAA 71.7+4.3 5 23.740.4 ¢ 4.5+0.3 @ 0.06+0.02°
1GA3+NAA 76.30.6 f 26.30.5 d 5.10.3 < 0.07+0.03"
2GA3+NAA 79.942.1 ¢ 21.6+0.4f 5.4+0.3 b 0.06+0.02°
5GA3+NAA 85.4+4.7 de 16.7+0.3 5 5.5+0.3 b 0.07+0.03°
10GA3+NAA 89.9+1.3 15.4+0.3 h 4.9+0.3 < 0.08+0.03"
0.25BAP 42.5+0.8 i 13.6+0.3 1 21402 f 0.04+0.01°
0.5BAP 61.5+2.7h 15.3+0.3h 23402 f 0.04+0.02°
1BAP 66.3%5.3 g 17.6+0.3 8 2.8+0.2 ef 0.04+0.02"
2BAP 70.8+3.9 5 14.6+0.3 1 2.8+0.2 f 0.05+0.02°
5BAP 45.444.6 13.0+0.2 1 25402 f 0.04+0.02°
10BAP 4354311 14.8+0.21 24+02f 0.04+0.02°
0.25BAP+NAA 41.8+4.21 20.5+0.3 f 424034 0.06+0.03°
0.5BAP+NAA 63.623.6 & 26.4+0.5 4 4.7+0.3 «d 0.07+0.03"
1BAP+NAA 92.6+2.7¢d 31.3+0.8° 5.9+0.3 b 0.07+0.02°
2BAP+NAA 105.4+4.4 b 36.8+1.12 712042 0.07+0.02°
5BAP+NAA 132.6+3.12 35.841.22 7.4+0.7 2 0.07+0.02°
10BAP+NAA 96.3+2.3 ¢ 32.5+0.9 b 7.0+0.4 2 0.06+0.02"
I
LEAVES 87.1+4.1¢ 24.2+1.8¢ 7.240.7 2 0.60.12
211 ! Total phenolics content; Values are means + SD of three independent replicates. Different letters
212 represent significant differences between the various extraction conditions (p < 0.05).
213 Interestingly, there was a significant correlation between biomass production and total
214 phenolic production (Figure 2, Table S2). In line with this observation, the biomass-dependent
215  production of total phenolics has already been reported in different plant systems [36].
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217 Figure 2. Pearson correlation analysis (PCC) of the relation between the main
218 phytochemicals (TPC: total phenolics content; chicoric acid, rosmarinic acid and caffeic acid)
219 in extracts from Thai basil callus cultures and the different antioxidant assays (in vitro cell-free:
220 DPPH, ABTS, FRAP and in vivo: CAA (cellular antioxidant assay)). *** significant p < 0.001;
221 ** significant p < 0.01; * significant p < 0.05; actual PCC values are indicated in
222 Supplementary Materials Table S1.
223 Szopa & Ekiert [37] noted that PGRs have a direct impact on the biosynthesis of phenolics in

224 medicinal plants. This result is supported by a number of studies which report that the inclusion
225  of a higher BAP concentration and a lower NAA concentration resulted in the maximum TPC
226 [38-42]. This observation could be related to stimulation of essential enzymes for the
227  Dbiosynthesis of various phenylpropanoids, such as phenylalanine/tyrosine ammonia-lyase
228  (PAL/TAL), in response to several PGR concentrations [40]. In contrast, in accordance with our
229  results, GAs has previously been shown to suppress the production of some phenylpropanoids,
230  such aslignans in flax, in a dose-dependent manner [43].

231  3.2.2. HPLC-Based Evaluation of Simple Phenolics

232 The HPLC analysis confirmed treatment with different PGRs of leaf-derived callus culture
233 asa tool for improving the synthesis of the main biologically active phenolic acids of Thai basil
234  (Table 1). All BAP and GAs treatments alone and with NAA exhibit a wide range of metabolite
235  production. Maximum accumulation of chicoric acid (36.8 and 35.8 mg/g DW) obtained for the
236  BAP treatments at concentrations of 2 and 5 mg/L, respectively, in combination with NAA at 1
237  mg/L (Table 1). By contrast, treatments with BAP alone at varying concentrations resulted in the
238  lowest accumulation of chicoric acid ranging from 13.0 mg/g DW to 17.6 mg/g DW (Table 1).
239  Similarly, an optimum production of rosmarinic acid (7.4 mg/g DW) was observed for combined
240  BAPand NAA (5 mg/L: 1 mg/L) treatment, while a minimum production was found for all tested
241  BAP concentrations alone (Table 1). Compared to extract from commercial Thai basil leaves,
242  chicoric acid accumulation was 2.6-fold higher in extract from in vitro callus produced under
243  optimized conditions, while rosmarinic acid content was similar in both types of extracts (Table
244 1). In comparison, the accumulation levels in callus extracts of their biosynthetic precursor,
245  caffeic acid, was much lower than that of chicoric acid and rosmarinic acid (Table 1). The
246  concentration of caffeic acid in extract from in vitro callus cultures was 7.5-to 10-fold lower than
247  in extract from commercial Thai basil leaves (Table 1).

248 Chicoric, rosmarinic and caffeic acids have previously been reported in different basil
249  species and varieties [44], in particular in Thai basil [6]. It is generally accepted that the
250  accumulation of different phenolic acids in plant cultures may be modulated by the exogenous
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251 application of PGRs [37,43,45,46]. In line with this observation, our results shown that phenolic
252 acids, chicoric acid and rosmarinic acid can be modulated by PGRs in vitro callus cultures of Thai
253 basil. Similarly, [47] also revealed an increase in the concentration of chicoric acid in their callus
254 cultures of Echinacea purpurea grown on NAA supplemented medium. Similarly, increased
255  production of rosmarinic acid was observed in O. basilicum in vitro cultures grown on media
256  supplemented with NAA in combination with other PGRs [48], and in Ocimum americanum callus
257  culture grown on BAP in combination with IAA [49]. In the present study, chicoric acid and
258  rosmarinic acid were both quantified and their contents were increased in response to PGR
259  treatment. The lower levels of caffeic acid may be associated with its efficient biotransformation
260  into its derivatives rosmarinic acid and chicoric acid [50,51].

261  3.3. Antioxidant Activities
262  3.3.1.In Vitro Cell-Free Antioxidant Assays

263 Three distinct in vitro cell-free antioxidant assays, namely DPPH, ABTS and FRAP were used to
264  assess the antioxidant capacity of the extracts from Thai basil callus cultures. FRAP represents
265  electron transfer (ET) antioxidant mechanism, while ABTS follows hydrogen atom transfer (HAT)
266 antioxidant mechanism. Here, the results of both assays were calculated as TEAC (uM of Trolox C
267  equivalent antioxidant capacity). DPPH assay can reveal both HAT-and ET-based antioxidants, and
268  was calculated as a percentage of DPPH radical scavenging activity (RSA percentage). Extracts from
269  callus grown on BAP:NAA (5 mg/L: 1 mg/L) presented the highest levels for DPPH (93.2 % RSA) and
270  ABTS (1322.0 uM TEAC) antioxidant assays (Table 2), while lowest levels for DPPH (61.0 % RSA)
271  and ABTS (713.1 uM TEAC) were measured for extract from callus grown on 10 mg/L GAs medium
272 (Table 2). Maximum FRAP (523.3 uM TEAC) was measured for extract from callus grown on 2 mg/L
273  BAP medium, and lowest value (335.3 uM TEAC) for extract resulting from callus grown on 10 mg/L
274  GAs medium (Table 2).

275 Comparatively, extract from commercial Thai basil leaves presented a 71.4 % RSA for DPPH
276  assay, as well as 914.2 and 387.7 uM TEAC for ABTS and FRAP assays, respectively. Based on these
277  invitro cell-free assays, the measured antioxidant capacity of the extract from commercial Thai basil
278  leaves was within the range of those determined for callus extracts (Table 2). However, under
279  optimized conditions, extracts from callus cultures showed significantly higher in vitro antioxidant
280  capacity than extract from commercial leaves (Table 2).

281 Significant correlations between in vitro antioxidant activity and the presence of chicoric acid,
282  rosmarinic acid and caffeic acid were observed for each assay (Figure 2, Table S2). TPC was also
283  significantly correlated with ABTS antioxidant activity (Figure 2, Table S2).

284 Similarly, a significant relationship between phenolic acid accumulation and antioxidant
285  capacity has been revealed for several medicinal plant species [52,53]. From a strictly chemical point
286  of view, these in vitro cell-free antioxidant assays are interesting since they can provide information
287  on the mechanism reaction involved in the antioxidant potential of an extract [54]. Here, the results
288  obtained could reflect a preferential ET-type mechanism. However, these in vitro assays do not
289  necessarily reflect the situation of the in vivo systems and, therefore, their validity should be
290  considered to be strictly limited to interpretation within the meaning of the chemical reactivity with
291  respect to the in vitro produced radicals, and thus should be confirmed by in vivo assays.

292
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293 Table 2: In vitro cell-free antioxidant potential of extracts from Thai basil callus cultures in response to
294 different PGRs treatment and leaves.
PGR Treatments DPPH ABTS FRAP
(% RSA) (TEAC uM) (TEAC uM)
0.25GA3 85.9+1.7 ¢ 891.7+5.4 8 438.245.9 de
0.5GA3 742+19¢ 907.5+5.9 8 446.5+5.5 ¢
1GA3 95.1+1.8 2 826.7+6.0 h 432.6+5.4 4
2GA3 86.9+1.8° 759.4+4.9 i 420.7+5.5 ¢
5GA3 91.6+1.7 814.3+4.9h 385.5+5.3 f
10GA3 61.0+1.8 5 713.145.2 335.3+5.8 h
0.25GA3+NAA 69.8+1.7 1034.1+7.9 4 403.0+5.1 1
0.5GA3+NAA 72.0+1.8 1100.2+7.6 < 445.7+5.3 d
1GA3+NAA+NAA 64.4+1.6 1170.4+6.7 ® 450.4+4.9 ¢
2GA3+NAA 88.1+1.8° 1030.5+6.9 ¢ 4997452
5GA3+NAA 89.6+1.7 933.3+6.9 f 451.4453 4
10GA3+NAA 79.2+1.5 852.8+7.6 349.3+4.1
0.25BAP 63.6+1.6 1 788.7+7.7 i 483.2+44.9 ¢
0.5BAP 67.4+1.6f 784.2+7.5 505.5+5.2 @
1BAP 73.5+1.5¢ 1101.147.7 < 496.4+5 4 b
2BAP 85.142.1 ¢ 878.5+6.8 & 523.3+6.1 2
5BAP 7784224 897.4+7.1% 517.345.7 @
10BAP 72.5+1.9 ¢ 862.0+6.8 1 484.4+49 ¢
0.25BAP+NAA 74.742.0 ¢ 849.7+6.4 502.9+6.1 b
0.5BAP+NAA 82.6+2.1 < 991.246.9 ¢ 454.6+4.8 4
1BAP+NAA 79.1+1.9 4 997.3+6.9 ¢ 447.6+4.4
2BAP+NAA 82.6+2.1 < 1194.3+7.9® 4152443 ¢
5BAP+NAA 93.242.22 1322.047.7 @ 384.7+4.1 f
10BAP+NAA 87.242.1° 1080.1+6.9 < 376.7+4.3 ¢
|
LEAVES 71.4+432¢ 914.2+47.3 1 387.748.2 f
295 Values are means + SD of three independent replicates. Different letters represent significant differences
296 between the various extraction conditions (p < 0.05).
297  3.3.2. Cellular Antioxidant Activity
298 Antioxidant activity was also evaluated in vivo through the ability of the extract to inhibit the

299  formation of reactive nitrogen and oxygen species (RNS and ROS) using a cellular antioxidant assay
300  (Figure 3). The results confirmed the protective action of Thai basil callus extracts against oxidative
301  stress. Maximum inhibition of the ROS/RNS production (56.4 %) was measured with extract from
302  callus grown on medium with BAP and NAA (5 mg/L: 1 mg/L), while minimum production
303  inhibition ranging from 17.5 % to 27.4 % were recorded for extracts from callus grown on media
304  supplemented with BAP alone (Figure 3).


https://doi.org/10.20944/preprints202009.0285.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 September 2020 d0i:10.20944/preprints202009.0285.v1

10 of 15

CAA value
- Commercial leaves extract
35.6+0.4% ¢

CAA (% Inhibition ROS/RNS production)

T B s B B BKe s ] A A A A A A <t
§3833322232222253322223¢
A FEF AN T
PEEIERS FEE8EE
NS = NS =
305
306 Figure 3: In vivo antioxidant potential of extracts from Thai basil callus cultures in response to different
307 PGRs treatment and leaves measured by cellular antioxidant assay (CAA) estimated as inhibition % of
308 ROS/RNS production. Values are means + SD of three independent replicates. Different letters represent
309 significant differences between the various extraction conditions (p < 0.05).
310 Extract from commercial Thai basil leaves presented an inhibition of 35.6 % of the ROS/RNS

311  production. As a result, extracts from callus cultures grown under optimized conditions, also showed
312  significantly higher in vivo antioxidant capacity than extracts from commercial leaves (Table 2), thus
313  demonstrating the interest of this culture system in potential nutraceutical applications.

314 The cellular antioxidant assay confirmed the interest of natural antioxidant from plant extracts
315  [17,55,56]. In the past decade, natural antioxidants have generated increasing interest due to their
316  possible use as an alternative to potentially hazardous synthetic antioxidants such as butylated
317  hydroxyanisole (BHA) or butylated hydroxytoluene (BHT) in various food preparations and their
318  possible use as nutraceuticals [57]. Some natural antioxidants have already been shown to be as
319  effective as these synthetic antioxidants [58,59]. In the meantime, plant in vitro systems have been
320  proposed as an efficient alternative for the production of natural antioxidants [60]. The present results
321  indicate the potential use of an in vitro biological system as a tool for continuous and high production
322  of natural antioxidants from Thai basil.

323 4. Conclusions

324 A protocol was proposed for an effective production of Thai basil leaf-derived callus cultures
325  with sustainable and high production of biomass and antioxidants. Here, we showed that plant cell
326  and tissue culture technologies can be routinely used for Thai basil as an important, sustainable and
327  low-cost biomass source for the production of high-value antioxidant compounds, particularly when
328  the optimal combination of PGRs is used. Indeed, under optimal conditions, compared to commercial
329  leaves, the extracts of callus showed higher production of chicoric acid, and similar levels of
330  rosmarinic acid, associated with higher antioxidant capacity. Furthermore, given that the large
331  capacity of this biological system for continuous biomass production can be further expanded in the
332  future with the use of cell suspension cultures in bioreactors, we anticipate that it could have a great
333  potential for possible nutraceutical applications.

334 Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1, Table S1:
335 Callogenesis, morphology and induction frequency of O. basilicum callus culture under various PGRs. Table S2:
336 Actual values for PCC (Pearson Correlation Coefficient) showing the relation between the different
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337 phytochemicals (TPC: total phenolics content; chicoric acid, rosmarinic acid and caffeic acid) in extracts from
338 Thai basil callus cultures and the different antioxidant assays (in vitro cell-free: DPPH, ABTS, FRAP and in vivo:
339 CAA (cellular antioxidant assay)).
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