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MATERIALS AND METHODS

Source of culture: Seeds of Zataria multiflora were
collected m Kashan province (Iran). Seeds washed with
water supplemented with 0.1% (v/v) Tween 20 were
surface sterilized in 70% (v/v) ethanol for 2 min, sodium
hypochlorite (1% (v/)) for 5 min and then were rinsed
with sterile distilled water three times. After that, seeds
were placed on MS solid medium (Murashige and Skoog
1962) and were mamtained at 25°C under 16/8 h light/dark
photoperiod.

Growth improvement: Plantlet shoot apex from germinated
seeds were cut and grown on MS medium with 30 g L™
sucrose and 6-benzylaminopurine, BAP (0, 0.5, 1,
1.5 mg L") and/or 1-naphtalen acetic acid, NAA (0, 0.2,
0.5, 1.5 mg L") with and without 0.1% (w/v) charcoal. The
cultures were maintained under 16 h light/8 h dark
photoperiod regime and proliferation of shoots was
evaluated by the number, the length of shoots and the
number of internodes after 4 weeks.

Callus induction from the shoot node culture of
Zataria multiflora plantlets was realized on MS medium
with an hormonal composition of 2,4-D (0.5 mg L") and
Kinetin (1 mg 1.7"), casein hydrolysate (200 mg 1.7") and
sucrose (30 g L™ Then, the same quantity of
callus explants was cultured in three kinds of media
(MS+MS vitamins, MS+B5 (Gamborg, 1968) vitamins,
B5+B3 vitamins) with BAP (0.75 mg I.7") under 16h light/
8 h dark photoperiod. After 6 weeks of culture, fresh
weight was measured and dry weight was obtained by the
mean of electronic moisture analyzer (Sartorius MA).

Rosmarinic acid production in tissues: The more efficient
culture medium for the proliferation of shoot and callus
cultures was selected for the next experimental purpose.
Proliferated shoots and callus tissues were treated with
sucrese (30 and 60 g L") or glucose (60, 75and 90 g L")
added to the medium. For each treatment the same
quantity of callus tissues was distributed onto the
experimental medium. Cultures were maintained under
obscurity (callus cultures only) or photoperied regime as
described before and growth measwement and RA
analysis was done after 6 weeks of culture for the two
experimental cases.

For RA determination, stock standard solutions were
prepared by accurately weighing 20 mg of rosmarinic acid
(Fluka) and dissolving in methanol (10 mL). The primary
solution (500 pl.) was dissolved into methanol (25 m1.) and
was prepared as standard solution (40 ppm). RA was
extracted from the tissues according to Hippolyte et al
(1992) and RA content was determined according to the
method described by Tlieva and Pavlov (1997) with some

modifications. Briefly lyophilized samples (50 mg) were
extracted with methanol (5 mL) at 40°C for 90 min with
vigorous shaking. The slury was centrifuged at
10000 rpm for 15 min and the supernatant was evaporated.
The residue was dissolved in methanol (2 mL.) and was
subjected to HPLC analysis using a column, ODS-3,
Inertsil 250x4.6 mm. The mobile phase consisted of
solvent A (2% (v/v) acetic acid) and solvent B (2% (v/v)
acetic acid/acetonitrile (7:3, v/v)) with a linear gradient
from 50-30%. The flow rate was setat 1.5 mL min " and
the RA fraction was determined at 333 nm. The
chromatographic peak of RA was confirmed by comparing
their retention times.

Statistical analysis: The experiments were done
according to a completely randomized experimental
design. All data on shoot growth are the means of
two independent experiments with 35 shoots/treatment;
25 samples of callus per treatment were analyzed for
growth determination. For RA determination, the data
represented the mean of three independent samples
(callus tissues). Data were statistically analyzed in a
randomized complete block design and t-test using
SPSS 9.

RESULTS

Shoot culture improvement: Apical shoot explants were
cultured in MS medium containing  different
concentrations of NAA and BAP. Figure 1 mndicates that
shoot proliferation was more efficient at 1 mg L~ BAP
added alone or in a less extent added with 0.2 mg L™
NAA to the medium. By these treatments, the growth of
these shoots was noticeable for higher length and more
elevated mternodes number. The presence of activated
charcoal did not modify this result. Higher concentrations
of BAP resulted mn decrease of shoot induction and
collagenoses was stimulated.

Callus culture: Callus culture was initiated from the shoot
node culture on MS medium with 2,4-D (0.5 mg L™,
Kinetin (1 mg L"), casein hydrolysate (200 mg L™") and
sucrose (30 g 1.7 ). When subcultured in this initiation
mediun, the callus tissues turned brown. For this reasoern,
three kinds of media were tested in order to promote the
growth of callus tissues. Results indicated that the
highest level of the growth was obtained with Gamborg
(B5+vit B5) medium with 0.75 mg L ™' BAP (Table 1). In
this medium, the growth index was multiplied by 3.6
against MS medium and the tissues grew as a
homogenous friable callus with yellow color. This culture
medium that gave the best growth of callus tissues was
retained for the study of carbohydrate effect on RA
production.
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