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FFigure 4.1. Chemical structures of the major alkaloids isolated from Narcissus. 
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Chapter IV 

FFigure 4.2: 1H-NMR metabolomic workflow of plant extracts. 1, sample preparation; 2, 

NMR acquisition; 3, data preprocessing 
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TTable 4.1. Possible combinations with varying amount of sample and solvent ratios.  
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Chapter IV 

FFigure 4.3. 1H-NMR spectra (600 MHz) from 0.8 to 7.4 ppm of phosphate buffer (pH 
6.0) and methanol-d4 (1:1) extract of Narcissus bulbs divided into three regions 
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according to signal abundance of the compounds labeled with numbers from TTable 
4.2 
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Table 4.2. 1 Narcissus bulb 

metabolites. Measured at 600 MHz , in phosphate buffer (pH 6.0) and methanol–d4 

(1:1) 



543955-L-bw-Akram543955-L-bw-Akram543955-L-bw-Akram543955-L-bw-Akram
Processed on: 11-6-2020Processed on: 11-6-2020Processed on: 11-6-2020Processed on: 11-6-2020 PDF page: 128PDF page: 128PDF page: 128PDF page: 128

Chapter IV 

cis cis



543955-L-bw-Akram543955-L-bw-Akram543955-L-bw-Akram543955-L-bw-Akram
Processed on: 11-6-2020Processed on: 11-6-2020Processed on: 11-6-2020Processed on: 11-6-2020 PDF page: 129PDF page: 129PDF page: 129PDF page: 129

Effect of Pre-analytical Parameters 



543955-L-bw-Akram543955-L-bw-Akram543955-L-bw-Akram543955-L-bw-Akram
Processed on: 11-6-2020Processed on: 11-6-2020Processed on: 11-6-2020Processed on: 11-6-2020 PDF page: 130PDF page: 130PDF page: 130PDF page: 130

Chapter IV 



543955-L-bw-Akram543955-L-bw-Akram543955-L-bw-Akram543955-L-bw-Akram
Processed on: 11-6-2020Processed on: 11-6-2020Processed on: 11-6-2020Processed on: 11-6-2020 PDF page: 131PDF page: 131PDF page: 131PDF page: 131

Effect of Pre-analytical Parameters 

FFigure 4.4.  Multivariate data analysis of NMR spectra (600MHz) of Narcissus bulb 

extracts made from different number of bulbs (1, 2, 4, 6, 8, and 10). 

A) Score plot of  PCA (PC1 vs PC2) of extracts made from samples prepared from 
different number of bulbs. The labelled number (1, 2, 4, 6, 8 and 10) represent the 
number of bulbs in the sample that were used for extraction. For all the samples 50 
mg material was extracted with 1.5 mL solvent. 7 biological replications were made for 
each sample mixture. B) Loadings scatter plot of PCA (PC1 vs PC2) of the bulb’s 
mixtures showing the metabolites that correspond with the different regions of the 
score plot A.  
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 CC) PLS-DA scatter plot where the bulb samples were grouped in 3 classes ( ) the 
class of samples containing first two samples i.e. single bulb samples and 2 bulbs 

mixture, ( ) class of samples containing 4 and 6 bulbs in the mix of each sample and 

( ) class of samples containing 8 and 10 bulbs in the mix of each sample. D) Loadings 
scatter plot showing the metabolites that correspond with the different regions of the 
PLS-DA score plot C. where ( ) represent average of the classes. 

Figure 4.5. Multivariate data analysis of  NMR spectra (600MHz) of extracts of 
Narcissus bulb samples made with different number of bulbs. 

A) PLS-DA scatter score plot of mixed bulbs samples which are divided into two 

distinct classes where ( ) represent class of samples of less than 5 bulbs and 

( ) represent class of samples that have more than 5 bulbs (with 5 biological 

replicates each) BB) Loadings scatter plot showing the metabolites that 
correspond with the different regions of the PLS-DA score plot A. PLS-DA models 
were validated by using permutation test (R2 = 0.86, Q2 = 0.73 with 100 
permutations and 5 components) 
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FFigure 4.6. Multivariate data  analysis of NMR spectra (600 MHZ) of Narcissus bulb 
extracts from different amounts of the same bulb sample extracted with the same 
amount of solvent.  
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Chapter IV 

AA) Score plot of  PCA (PC1 vs PC2) of bulb samples based on the weight of sample, 
numbers from 1-8 represent sample weight of 25, 50, 75, 100, 125, 150, 175 and 200 mg 
respectively. Each sample was extracted with 1.5 mL of solvent. Five biological 
replicates were extracted for each sample. BB) Loadings scatter plot showing the 
metabolites that correspond with the different regions of the PCA score plot A.  

C) PLS-DA scatter plot with ( ) class which contains 25 mg and 50 mg samples, ( ) 

class which contains 75 mg and 100 mg samples, ( ) class which contains 125 mg and 
150 mg samples and ( ) class which contains 175 mg and 200 mg sample weight. D) 

PLS-DA loadings plot of Narcissus bulb samples ( ) metabolites that correspond with 

the different regions of the PLS-DA score plot C ( ) average of classes in the loadings 
plot.  

E) PLS-DA scatter plot with ( ) class of samples containing the weight of 100 mg or 

less and ( ) class of samples weighing more than 100 mg. FF) PLS-DA loadings 
showing the metabolites that correspond with the different regions of the PLS-DA 

score plot of E. ( ) represent the average of the classes in the loadings plot. PLS-DA 
models were validated by using permutation test (R2 = 0.75, Q2 = 0.69 with 120 
permutations and 8 components) 

Narcissus
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FFigure 4.7. Relative  molar quantities of some metabolites calculated from the1H-NMR 
spectra (600 MHz) of the extracts of different amounts of sample after normalizing 
all to the same amount of sample (50 mg). The molar amount is calculated based on 
the internal standard in the NMR-spectra.  

Samples weighing 25, 50, 75, 100, 125, 150, 175 and 200 mg respectively (i.e. with 
sample/solvent ratio of 1/60, 1/30, 1/20, 1/15, 1/12, 1/10, 1/8.6 and 1/7.5) were labelled 
accordingly. One-way ANOVA was used for statistical analysis and Tukey's HSD 
(honestly significant difference) test (post-hoc test) for comparisons with 50mg 
sample (control sample) with 5 biological replicates and significance at ( ) p <.05 and 
( ) p < .01 where error bars represent standard error (SEM).  
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FFigure 4.8. Multivariate data analysis of 1H-NMR spectra (600 MHZ) of Narcissus bulb 
extracts made with different amounts of solvent with the same amount of sample.  
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AA) Score plot of  PCA (PC1 vs PC2) of bulb sample (50 mg) extracted with different 
amounts of solvent. Numbers (1-8) represent e increasing amounts of extraction 
solvent (1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7 and 1.8 mL with five replicates each).  

B) Loadings scatter plot of PCA (PC1 vs PC2) of extracts of the bulb samples showing 
the metabolites that correspond with the different regions of the PCA score plot A.  

C) PLS-DA scatter plot ( ) class of samples extracted with 1.1 mL and 1.2 mL of 

solvent, ( ) class of samples extracted with 1.3 mL and 1.4 mL of solvent for each 

sample, ( ) class of samples extracted with 1.5 mL and 1.6 mL of solvent for each 

sample and ( ) class of samples extracted with 1.7 mL and 1.8 mL of solvent.  

D) PLS-DA loadings plot of bulb samples ( ) 1H-NMR signal buckets important for the 

discrimination ( ) average of the classes mentioned in FFigure C.  

E) PLS-DA scatter plot ( ) class of samples extracted with less than 1.5 mL of solvent 

while ( ) class of samples extracted with 1.5 mL or more amount of the solvent.  

F) Loadings plot showing the metabolites that correspond with the different regions 
of the PLS-DA score plot. PLS-DA models were validated by using permutation test (R2 
= 0.75, Q2 = 0.61 with 100 permutations and 7 components) 
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FFigure 4.9. Relative molar quantities of some metabolites calculated from the 1H-NMR 
spectra (600 MHz) obtained after extracting a fixed weight of sample with different 
amounts of solvent. The molar amount is calculated on the basis of the internal 
standard in the NMR-spectra. Varying amount of solvent was used for the extraction. 

Samples were extracted with 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7 and 1.8 mL solvent for 50 mg 
(with sample/solvent ratio of 1/22, 1/24, 1/26, 1/28, 1/30, 1/32, 1/34 and 1/36) solute 
respectively. Sample sequence is inversed to enable comparison with the results 
shown in Figure 4.6. One-way ANOVA was used for statistical analysis and Tukey's HSD 
(honestly significant difference) test (post-hoc test) for comparisons with 1.5mL 
sample (control sample) while using 5 biological replicates along with significance at 
( ) p <.05 and ( ) p < .01 where error bars represent standard error (SEM). 
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Chapter IV 

FFigure 4.10. Multivariate data analysis of 1H-NMR data (600 MHz) of extracts of 
Narcissus bulb samples obtained with different sonication time (15-120 min). 

 A) Score plot of  PCA (PC1 vs PC2) NMR data bulb extracts. Labels A-H represent 
increasing sonication times and numbers 1-5 represent the biological replications of 
each time point.  

B) Loadings scatter plot of PCA (PC1 vs PC2) of bulb samples showing the metabolites 
that correspond with the different regions of the PCA score plot A (5 replicates).  
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CC) PLS-DA scatter plot ( ) class of samples extracted with 15 minutes and 30 minutes 

of sonication time, ( ) class of samples extracted with 45 minutes and 60 minutes of 

sonication time, ( ) class of samples extracted with 75 minutes and 90 minutes of 

sonication time and ( ) class of samples extracted with 105 minutes and 120 minutes 

of sonication time.  

D) PLS-DA loadings plot showing the metabolites that correspond with the different 

regions of the PLS-DA score plot C ( ) represents 1H-NMR signal buckets from those 

important for the discrimination are labelled as mentioned before and ( ) represents 

the average of classes.  

E) PLS-DA scatter plot where samples are divided into two classes, ( ) class of samples 

extracted with 60 minutes or less sonication time and ( ) class of samples extracted 

with more than 60 minutes’ sonication time while  

F) Loadings plot of the metabolites that correspond with the different regions of the 
PLS-DA score plot E. PLS-DA models were validated by using permutation test (R2 = 
0.89, Q2 = 0.79 with 100 permutations and 9 components) 
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Chapter IV 

FFigure 4.11.  Levels of alkaloids found after different preanalytical treatments as 
calculated from the 1H-NMR spectra of the plant material extracts after normalizing all 
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to the same amount of sample (50 mg). The amount is calculated in mg/g on dry 
weight basis on the basis of the internal standard TMSP in the NMR-spectra (600 MHz) 
of the extracts, (Gal = galanthamine, Hae = haemanthamine and Nar = narciclasine)  

AA) Mixing different number of bulbs for extraction to check the inter-bulb variation; 7 
replicates for each number of bulbs 

B) varying amounts of sample weight extracted by the same amount of solvent; 5 
replicates for each weight  

C) varying amount of solvent to extract samples of the same; 5 replications for each 
solvent amount.  

D) Different sonication times; for 5 replicates for each condition.  

Statistical analysis (one way ANOVA) of alkaloids was performed for each part of the 
experiment along with post hoc (Tukey's HSD (honestly significant difference) test and 
compared with AA: 1 bulb sample, BB: 50 mg sample, CC: 1.5 ml solvent Sample, DD: 30 
minutes sonication time sample with significance at ( ) p <.05 and ( ) p < .01 where 
error bars represent standard error (SEM). 
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of Vascular Plants
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