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Abstract
Background and objectives: Maintaining medicinal plants' quality and effective compounds
is a fundamental challenge. Salvia L. has antioxidant, anti-inflammatory, and antimicrobial
properties and is a rich source of biological compounds that destroy free radicals. Salvia virgate
Jacq. has several biological activities and is used to treat wounds and various skin diseases and
prevent blood cancer. Cadmium is one of the most toxic heavy metals due to its long biological
half-life, significant mobility in soil, and capacity to be absorbed by plants. Cadmium's negative
effects on plant growth, and physiological and biochemical activities reduce plant quality and
performance. Sodium nitroprusside is involved in biological processes and responds to various
stresses by releasing nitric oxide (NO).
Methodology: To investigate the effect of different levels of sodium nitroprusside on improving
the response of salvia virgata to cadmium stress under in vitro conditions, an experiment was
conducted in the Research Institute of Plant Sciences of the Ferdowsi University of
Mashhad with a factorial design based on a completely randomized design with four
replications. The studied factors included different levels of cadmium (0 (control), 25, 50, and
100 pM) and sodium nitroprusside (0 (control), 15, and 30 uM). Murashig and Skoog culture
media were used for seed cultivation. In this experiment, different amounts of cadmium nitrate
were added to the culture medium before adjusting the pH. Sodium nitroprusside was added to
the medium after autoclaving and a sub-laminar filter due to its sensitivity to high temperatures.
At first, the seeds were sterilized with 70% alcohol and 2% sodium hypochlorite; then, they
were planted in a culture medium. After three months of growth, the seedlings were removed
from the culture medium. Growth traits include the fresh and dry weight of the aerial part, root,
and whole seedling, and physiological and biochemical traits including photosynthetic pigments
(measurement of chlorophyll a, chlorophyll b, carotenoid, total chlorophyll, and total
photosynthetic pigment), flavonoid, total phenol, carbohydrate, proline, protein, and antioxidant
activity were measured. The data obtained from this research were analyzed by Minitab
software. The mean comparisons were done by the Bonferroni test at the five percent
probability level.
Results: According to the results of the analysis of variance of the data, the interaction effect of
cadmium and nitroprusside on seedling fresh weight, chlorophyll a, chlorophyll b, carotenoid,
total photosynthetic pigments, total phenol, carbohydrate and proline at the probability level of
one percent and seedling dry weight, total chlorophyll, flavonoid, and protein were significant at
the five percent probability level. The interaction effect of treatments on antioxidant
activity was not significant, but their simple effects were significant. The results of the mean
comparison of the data indicated that cadmium stress decreased the fresh and dry weight of
seedlings, chlorophyll a, chlorophyll b, total chlorophyll, carotenoids, and total photosynthetic
pigments in S. virgata, and the application of sodium nitroprusside led to the improvement of
these traits; so that the application of 30 uM sodium nitroprusside under cadmium stress with a
50 uM concentration showed the highest fresh and dry weight of seedlings and the proline
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content, and the application of 15 uM sodium nitroprusside under cadmium stress with a 25 uM
concentration showed the highest amount of photosynthetic pigments. Also, this research
indicated that cadmium stress increased antioxidant activity, total flavonoid, total phenol,
soluble carbohydrate, proline, and protein in theS. virgataplant. However, sodium
nitroprusside application improved these negative effects of cadmium stress. So, the application
of 30 uM sodium nitroprusside led to an increase in total flavonoid, total phenol, soluble
carbohydrate, and protein under cadmium stress conditions at 25 uM concentration.
Conclusion: The results showed that cadmium stress reduces plant growth and physiological
and biochemical functions, but sodium nitroprusside application could improve cadmium's
negative effects. These findings show that sodium nitroprusside can be used as an effective
instrument in cadmium stress management in medicinal plants and help to improve the growth
and quality of these plants. This research, in addition to enhancing our knowledge about the
mechanisms of plants' response to cadmium stress, helps to analyze the effect of sodium
nitroprusside in exposure to environmental life pollutants.
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Table 1. ANOVA of sodium nitroprusside effects on Salvia virgata growth characteristics under cadmium stress

Aerial

Aerial Aerial Aerial parts
Treatment ROOt.frESh Root dry parts parts dry Plant_ fresh Plan_t dry parts length to root
weight weight fresh - weight weight
; weight length length
weight
Cadmium (a) 0.0236™ 0.000307*"  0.0431™ 0.000328™  0.199675™  0.001759™ 5.00"" 1606.86™
Sodium
itroprusside 0.0027" 0.000101"  0.0025™  0.000005™  0.013437™  0.000144" 0.48™ 1550.24™
(b)
axb 0.0051" 0.000035™  0.0348™  0.000471™  0.066026™  0.000582" 0.97" 495.70™
EXp‘;‘;'rr;‘re”ta' 00044 0000028  0.0036  0.000065 0009076  0.000178  0.02 43.00
C.V. (%) 0.005 36.08 20.54 25.19 22.09 28.08 5.09 20.8

n.s., *, and **: non-significant, significant at 1, and 5% probability levels, respectively
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Figure 1. Means comparison of sodium nitroprusside (SNP) effects on A: fresh weight and B: dry weight of Salvia

virgata plants under cadmium stress
Means with common letters are in the same statistical group at 5% probability level (Bonferroni test).
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Figure 2. Means comparison of sodium nitroprusside (SNP) effects on A: aerial parts length and B: ratio of aerial

parts length to root length of Salvia virgata plants under cadmium stress
Means with common letters are in the same statistical group at 5% probability level (Bonferroni test).
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Table 2. ANOVA of sodium nitroprusside effects on Salvia virgata physiological characteristics under cadmium

stress
© 2 2 £ 2 2 £ 5 8 5 5
= = o o wn (&} [} - ]
2 & g ¢ g = & 2z 5& § 5
Treatment S S 2 2 = @ © =] 2 o c
pul pul o o = — S .E
s S S e £2 3 2 ss 88 £ 5
= = I 2 oo 3 S o = ° S
© © S =R £ 3 = 8 £ &
F 1) 2 < o
Cadmium (a) 6176~ 03~ 621~ 017~ 842~ 4255~ 13356~ 233.3™ 27131" 036" 3254
Sodium
itroprusside  33.33” 0.2 32" 014 46" 2001° 4063° 1990.3™  3.07®  1.00™ 37125
(b)
a*b 1397 008" 147" 007" 212" 494 2532 18001 27275 1.08" 5258
EXpZ:Lrgf”ta' 375 001 048 001 057  6.29 8.94 240 5.98 0.1 198
C.V. (%) 202 883 198 359 198 327 127 135 111 23.9 304

n.s., *, and **: non-significant, significant at 1, and 5% probability levels, respectively
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Figure 3. Means comparison of sodium nitroprusside (SNP) effects on A: chlorophyll a, B: chlorophyll b, C: total
chlorophyll, D: carotenoids content, and E: total photosynthetic pigments of Salvia virgata plants under

cadmium stress
Means with common letters are in the same statistical group at 5% probability level (Bonferroni test).
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Figure 4. Means comparison of sodium nitroprusside (SNP) effects on content of A: flavonoids, B: total phenols,

C: carbohydrates, D: proline, and E: protein of Salvia virgata plants under cadmium stress
Means with common letters are in the same statistical group at 5% probability level (Bonferroni test).
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Salvia virgata plants
Means with common letters are in the same statistical group at 5% probability level (Bonferroni test).
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