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Abstract
Introduction
Hyoscyamine and scopolamine alkaloids are valuable secondary metabolites that are mainly produced by
plants of the Solanaceae family, especially the henbane genus. The production of these alkaloids in henbane
is influenced by genetic processes, but environmental factors play a more prominent role in the economic
synthesis of these alkaloids.

Materials and Methods

This research was carried out in 2020 to investigate the effect of environmental factors on the quantity and
quality of hyoscyamine and scopolamine alkaloids on 10 henbane populations in northwest of Iran. The seeds
of H.niger, H.reticulatus and H.pusillus species were collected from Ardabil and East Azarbaijan provinces and
dried in shade. After extracting alkaloids from the populations, the amount of these alkaloids was measured by
high performance liquid chromatography (HPLC). To study the physical and chemical properties of the soil,
soil sampling was done from the root development depth of each plant (30 cm) in the studied habitats.

Results and Discussion
The results of variance analysis showed that the effect of above mean sea level factor on the amount of
hyoscyamine and scopolamine alkaloids is significant at the 1% probability level. The results of variance
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analysis showed that soil nitrogen and phosphorus have a significant effect on the increase of hyoscyamine and
nitrogen on the increase of scopolamine at the probability level of 1%. While the effect of potassium on the
amount of hyoscyamine and the effect of phosphorus and potassium on the amount of scopolamine is not
significant. The research results showed significant phytochemical diversity in terms of hyoscyamine and
scopolamine among species, populations, and genotypes of henbane. Based on this, H.pusillus species in terms
of scopolamine content and H.reticulatus species in terms of hyoscyamine content were at the top of the studied
species, and Meshkinshahr population was at the top in terms of scopolamine and hyoscyamine, while Tabriz
and Givi populations were at the bottom in this respect. The high amount of alkaloid in some of the studied
ecotypes is affected by the high amount of nitrogen, phosphorus, organic carbon in the soil and due to the low
potassium in the studied habitats.

Conclusion

Maximum similarity was observed between the populations of Ahar with Herris, Shabester with Azarshahr,
Givi with Tabriz, and Shabester with Khalkhal in terms of the amount of hyoscyamine and scopolamine. In
this case, in addition to genetic factors, the similarity of the ecological characteristics of the studied habitats
can also be involved.
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Table 1. Soil characteristics of the sampled areas

AN

Region %

: 3 T3

= = N . 2

< < 2 < & 3 = % S es
above mean sea level 1468 1350 1843 1341 1348 1650 1400 1660 1700 1800
Percentage of saturated extract 45 55 34 51 45 30 42 45 34 33
(EC) ds/m 1.18 2.13 0.66 1.25 1.19 0.64 .086 1.17 0.66 1.80
pH 7.6 7.6 7.5 7.7 7.8 6.5 7.1 7.7 7.4 7.6
C (%) 0.81 1.21 0.97 0.72 0.21 1.80 2.12 0.31 0.52 0.67
N (%) 0.122  0.228 0.131 0.102 0.087 0.242  0.352 0.121  0.091 0.098
C/N 6.64 5.31 7.40 7.06 2.41 7.44 6.02 2.56 5.71 6.84
P (ppm) 5.1 4.9 4.5 53 2.8 5.6 6.5 4.3 3.7 4.1
K (ppm) 130 125 120 212 84 215 350 90 88 64
Sand (%) 37 16 5 47 95 24 26 90 14 17
Silt (%) 23 46 70 24 3 41 48 4 45 60
(%) clay 40 38 25 29 2 35 26 6 41 23
Texture Sandy Silty  Silty = Sandy Sandy clay Lumi  Sandy silty  Silty

clay clay  loam clay loam clay loam

loam loam

Table 2. Comparison of the amount of alkaloids extracted from the seeds of henbane populations

Population Species Above mean sea level Scopolamine Hyoscyamine
Azarshahr H.reticulatus 1468 0.06295 0.04881
Ardebil H.reticulatus 1500 0.05694 0.06945
khalkhal H.reticulatus 1843 0.05351 0.05833
Ahar H.pusillus 1375 0.06704 0.03207
Tabriz H.pusillus 1470 0.00149 0.00189
Sarab H.pusillus 1365 0.08776 0.07740
Meshkinshahr H.pusillus 1351 0.12215 0.09807
Shabestar H.niger 1660 0.05382 0.04883
Givi H.niger 1700 0.00151 0.00301
Heris H.niger 1800 0.03235 0.03397
Minimum 0.00129 0.00152
Maximum 0.13452 0.11249
Average 0.053952 0.4989
Standard deviation 0.40887 0.324651
Coefficient of variation 75.784 65.073
, Scopolamine
Hyoscvamine y =15953x- 17.608 y =13299x+41.387
2
4000 R#=0.999 3000 R#=0.9984
3 3000 _ 2000
% 2000 B
1000 1000
0 0
~1000 © 005 01 015 02 025 0 0.05 0.1 0.15 0.2 0.25

Concentration in pg/ml

Concentration in pg/ml

Figure 1. Calibration curves of studied alkaloids
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Table 3. The average concentration of tropane alkaloids extracted from the seeds of

henbane species

Amount of hyoscyamine

Amount of scopolamine

Species

0.05886 0.0578 H.reticulatus

0.05236 0.06961 H.pusillus

0.02860 0.0292 H.niger

Table 4. Variance analysis of hyoscyamine and scopolamine values
Mean squares
df

5.0V Scopolamine Hyoscyamine
Between speces 2 0.047" 0.086"
Between populations 7 0.209™ 0.275”
Within populations 9 0.509™ 0.140”

**Significant at the 1% probability level

Table 5. Variance analysis of the average content of hyoscyamine and scopolamine in the seeds of

henbane populations at different altitudes above sea level

S.0.v d.f Sum of squares Mean squares F
Scopolamine R 2 0.01088 0.005442 13.738"
Above mean sea level 9 0.036 0.004 10.098™
Error 18 0.007130 0.000396
Total 29 0.05401 0.001862
Hyoscyamine R 2 0.01280 0.006400 25.412"
Above mean sea level 9 0.027 0.003 11.917
Error 18 0.004534 0.0002519
Total 29 0.04433 0.001529

** Significant at the 1% probability level
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Table 6. Variance analysis of the influence of soil elements on the amount of

hyoscyamine and scopolamine in henbane plant

Alkaloids SOV df

Sum of squares

Mean squares F

R 2 0.000 0.000 0.146™
N 3 0.005 0.002 37.521"
P 2 0.019 0.010 231.235"
K 1 0.000 0.000 4.851™
NP 6 0.016 0.003 62.137"
hyoscyamine o 3 0.005 0.002 36.858"
PK 2 0.007 0.003 83.266"
NPK 6 0.010 0.002 40.567"
Error 46 0.002
Total 71 0.64
R 2 0.003 0.001 4.454™
N 3 0.005 0.002 5.342"
P 2 0.001 0.000 0.850™
K 1 0.000 0.000 1.2341
scopolamine NP 6 0.041 0.007 22.906"
NK 3 0.014 0.005 15.661"
PK 2 0.004 0.002 7.290"
NPK 6 0.053 0.009 29.615"
Error 46 0.014 0.000

Total 71 0.135

** Significant at the 1% probability level and ™ Non-significant
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Table 7. Correlation coefficient between hyoscyamine and scopolamine values with environmental factors

Alkaloids Populations clay silt sand C N C/N P K Ec PH
Azarshahr -0.06222 0.05983 0.05967 0.05993 0.06025 0.92124 0.93421° -0.00159 0.06122 0.06039
Ardebil -0.06918 -0.07065 0.07627 0.93471° 0.93812 0.07015 0.06062 -0.07826 0.95465 0.07123
khalkhal 0.05683 0.95912° 0.07227 0.05929 0.92157 0.95127 0.05548 -0.05525 -0.05627 0.05637
Ahar 0.03041 0.03173 0.03021 -0.03252 0.03007 0.95231" 0.95115 -0.95541" 0.03351 0.03182
Tabriz -0.00184 -0.00164 0.00198 -0.00174 -0.00152 -0.00205 -0.00217 0.00169 0.00211 0.00215
Sarab 0.07741 0.07648 0.07627 0.97642" 0.07715 0.97124" 0.07772 -0.95891 -0.07601 0.07739
Meshkinshahr ~ 0.08809 0.09881 0.08207 0.98921" 0.97841" 0.08104 0.98713" -0.97561" 0.08402 0.09807

Hyoscyamine  Shabestar -0.07064 -0.07265 0.07235 -0.00175 0.07032 0.00218 -0.05548 0.06854 0.00221 0.07215
Givi 0.00381 0.00251 0.00231 -0.00392 -0.00242 0.00221 -0.00371 0.00262 -0.00225 0.00428
Heris 0.03426 0.03187 0.03345 -0.03252 -0.03382 0.03283 -0.03571 0.03535 0.03592 0.03392
Azarshahr -0.08035 0.07531 0.08071 0.07501 0.08011 0.00145 0.93412° -0.00165 0.07547 0.08052
Ardebil -0.05127 -0.05101 0.04692 0.92394" 0.92123" 0.04875 0.07937 -0.04845 0.03021 0.04689
khalkhal 0.04931 0.95941° 0.07901 0.04731 0.04617 0.95421° 0.07682 -0.04741 -0.04957 0.04637
Ahar 0.07974 0.07801 0.92451" -0.01935 0.07952 0.92817° 0.92186 0.92139" 0.07847 0.07992
Tabriz -0.00135 -0.00139 0.00129 -0.00162 -0.00145 -0.00149 -0.00152 0.00169 0.00171 0.00141
Sarab 0.88187 0.088971 0.04698 0.97421" 0.98214" 0.97412" 0.97618" -0.96412" 0.88187 0.08874

Scopolamine Meshkinshahr  0.087451 0.08015 0.86541 0.97125" 0.98142" 0.96214" 0.974125" -0.98765™ 0.65421 0.08045
Shabestar -0.07661 -0.07802 0.07504 -0.00164 0.07532 0.00149 -0.07639 0.07698 0.00179 0.07492
Givi 0.00156 0.00129 0.00171 -0.00167 -0.00136 0.00149 -0.00151 0.00142 -0.00165 0.00147
Heris 0.02058 0.07818 0.01982 -0.01973 -0.02068 0.02168 -0.02149 0.02156 0.07848 0.02125

** correlation is very significant (a<.01), * correlation is significant (a<.05)
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