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      Method validated using (RP-HPLC) reversed-phase high-performance liquid chromatographic method of this research was four selected 

anti-Cancer standards. The newly developed method is novel, simple, precise, accurate, reproducible, and less time-consuming and it can be 

used for raw material of quantitative analysis and quality control. The separation of Rutin, Chrysin, Piperin, and Berberine was conducted in 

less than 3 min and chromatographic separation was achieved using a stationary phase C18  J’Sphere column (column size 50 mm × 4.6 mm 

and particle size 4 µ) and mobile phase contained acetonitrile: 0.1% formic acid (pH 2.7 ) in isocratic elution of (85:15 v/v) ratio, with a flow 

rate of  1 ml min-1 and the column temperature, was maintained at 30 °C with injection volume 20 µl,  UV detection wavelength of at               

336 nm were used. Rutin, Chrysin, Piperine, and Berberine had retention times of 1.3, 1.8, 2.1, and 2.6 min, respectively. Calibration curves 

were accepted and reported good linear correlation coefficients (r2 ˃ 0.999) within the range of 1-3.5 µg ml-1. Mean percent recoveries for 

the standards were found to be within the acceptance limits (80-115%). Relative standard deviation (according to FDA and ICH guidelines) 

indicates the method is precise. The developed method was applied to various medicinal plants Solanum aculeastrum dunal, Elephantorrhiza 

elephantina, Cadaba aphylla (Thunb), and Adenia glauca used to manage by traditional doctors in Botswana. All four plants reported Rutin 

and Chrysin compounds except S. aculeastrum, it was reported only Rutin was present whereas, Piperine and Berberine were not detected in 

all four plants. 
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INTRODUCTION 
 

     In 2020, over 18 million people were diagnosed with 

cancer worldwide. As a chronic disease, cancer has a high 

fatality rate for both men and women, notoriously branding it 

as the silent killer. The burden of cancer can be physical, and 

emotional and can cause financial strain on individuals, 

families, communities, and health systems. To this end, the 

most common treatment methods for cancer are surgery, 

chemotherapy, and radiation therapy (Cancer Prevention and 

Control, 2018). However, such treatments are costly and very  
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difficult to access in most developing countries [1,2]. In 

recent years, the management of cancer has focused on diets, 

nutrition, physical activity, and other natural resources, 

especially medicinal plants. Medicinal plants have been 

involved in the development of several anticancer drugs due 

to their bioactivity [3,4,5]. 

      Medicinal plants are rich in phenolic and flavonoid 

compounds which have been attributed to the improvement 

of health and prevention of cancer diseases [6]. In developing 

countries, herbal remedy comes with the advantages of 

availability, affordability, and limited side effects. Side 

effects are a common occurrence in modern chemo and 

radiotherapies  in  the  treatment  of  cancer.  Botswana  is  a  
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developing country in Southern Africa, where the majority of 

people living in rural areas are largely dependent on 

traditional medicinal plants to alleviate various health 

challenges. Solanum aculeastrum from the Solanaceae family 

is also a medicinal plant native to Southern Africa and has 

been used in the treatment of various types of cancer 

[7,8,9,10]. The fruits and leaves of this medicinal plant are 

decocted and consumed orally to treat cancer, indigestion, 

and stomach infection. Genus Solanum is known to be rich in 

alkaloids, steroidal glycoalkaloids, and sesquiterpenoids with 

antibacterial and antimycotic properties [11,12]. 

      A telling example of a medicinal plant commonly used in 

Southern Africa is Elephantorrhiza elephantina, which is 

used in the treatment of various diseases such as blood 

pressure, sexually transmitted diseases, period pain, breast 

cancer, kidney failure, itching, intestinal disorder, 

hemorrhoids, peptic ulcer, stomach problems, syphilis, 

tuberculosis, rheumatic conditions, shingles, fever, diarrhea, 

sores pain killer and many others [13,14,15,16]. A 

phytochemical study of E. elephantina has revealed that it is 

very rich in primary and secondary classes of flavonoids, 

alkaloids, tannins, saponins, carbohydrates, amino acids, and 

steroid compounds extracted with various solvents [17]. E. 

elephantina has also been identified as an antioxidant, anti-

rickettsial, antinociceptive, antifungal, anti-inflammatory, 

antifungal, ntibabesial, antiplasmodial, and antibacterial [13]. 

Cadaba aphylla (Thunb) wild of the Capparaceae family is 

an indigenous plant in Botswana and Southern African 

countries. Leaves and stems of this plant have been used as a 

tea to cure some diseases like high blood pressure, diabetes, 

and stomach problems [18,19]. The crude extract of C. 

aphylla has been used in an in-vitro study for anticancer 

activity on breast, renal, and melanoma cancer cells with 

positive results [20]. 

      Adenia glauca belonging to the Passifloraceae family and 

also known as “Elephant foot” is another plant of interest 

native to Southern Africa [21]. The powdered material of this 

plant has been used to treat skin-related diseases, swollen 

legs, ear related infections [22]. Adenia species are known to 

contain galactose-binding lectins and plant extracts used for 

protein synthesis and haemagglutinating activity [23]. The 

power of medicinal plants to treat various diseases comes 

from their rich contents of flavonoids, alkaloids, and other 

phenolic compounds. Flavonoids are divided  into flavonols,  

 

 

flavones, flavanones, isoflavones, catechins, anthocyanins, 

and chalcones. Flavones such as apigenin, chrysin, lutein, 

rutin, myricetin, kaempferol, hesperetin, and taxifolin have 

been used to treat breast, thyroid, laryngeal, oral, thyroid, and 

lung cancers as well as leukemia [24,25]. As for alkaloids, 

they have been used in the formulation of the anticancer 

medication, where vinblastine, camptothecin, berberine, 

evodiamine, matrine, piperine, sanguinary, and tetrandrine 

are examples of naturally occurring alkaloids with potential 

anticancer effects [26,27,28,29,30,31]. 

      Scientific research is currently geared toward seeking 

ways of developing safer, available, and affordable 

treatments for various diseases including cancer. Medicinal 

plants are very promising to use in the management of cancer, 

which triggered interest in determining if E. elephantina, S. 

aculeastrum, C. aphylla, and A. glauca could be constituting 

any of the selected flavonoids and alkaloids that have shown 

potential in the treatment of various cancers. This study 

aimed to develop an RP-HPLC to determine rutin, chrysin, 

piperine, and berberine in S.aculeastrum, E.elephantina, C. 

aphylla, and A. glauca, which are medicinal plants found in 

Botswana. E. elephantina was also used as a reference plant 

to validate developed methods used in extracting the analytes 

since it has been found to contain rutin from our previous 

study [32,33]. 

      The chemical structure of rutin (3,3ʹ,4ʹ,5,7-

pentahydroxyflavone-3-rhamnoglucoside), chrysin (5,7- 

dihydroxyflavone), piperine (1-[5-(1,3-benzodioxol-5-yl)-1-

oxo-2,4-pentadienyl]) and berberine (9,10-dimethoxy-

7,8,13,13a-tetradehydro-2’H-[1,3]dioxolo[4’,5’,2,3]berbin-

7-ium).  

 
MATERIALS AND METHODS 
 
Chemicals and Reagents 
      All the chemicals were purchased from Sigma-Aldrich 

(Steinheim, Germany) HPLC grade methanol (> 99% HPLC 

grade) formic acid, flavonoid standards rutin, and chrysin, 

alkaloid standards piperine and berberine. Aqueous reagents 

used were prepared using distilled and deionized water 

obtained from an Elix® Millipore deionizer (Saint-Quentin-

en-Yvelines Cedex, France). Extraction and cleaning of 

samples were obtained using SPE cartridges from waters 

Corporation (Dublin, Ireland).  
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Instrumentation 
      Agilent Technologies 1260 Infinity Series liquid 

chromatography system HPLC with ultraviolet diode array 

detector (UV-DAD) (Mainz, Germany) was used for all 

HPLC determination. Chemstation software was used for 

instrument control, data gathering, and analysis (Agilent 

Technologies). The temperature of the HPLC column used 

was maintained at 30 °C throughout all experiments The 

Hanna HI 2211 pH meter was used to determine the pH of 

the aqueous mobile phase (Bedfordshire, UK). J’ Sphere C18 

Analytical column, 150 mm × 4.6, 4 µm particle size 

(California, USA) used for HPLC method development 

method. Plants were powdered by using Thomas Wiley 

Model 4 grinder.  

      The mobile phase solvents, reagents, and solutions used 

were filtered to remove any solid particles using 0.45 m nylon 

membrane filters obtained from Millipore (Bedford, MA, 

USA) and then degassed using glass vacuum filtration 

equipment. Each sample was vortexed to improve extraction 

using a vortex apparatus from Scientific Industries, Inc. 

(Bohemia, New York, USA). An ultrasonic bath 

SCIENTECH ultrasonic cleaner model: 704 was used for the 

extraction of the analytes (Johannesburg, South Africa). 

 

Preparation of Standards 
      Selected flavonoids and alkaloids standards with 

anticancer activities (rutin and chrysin, piperine and 

berberine) were prepared by accurately weighing 0.025 g 

(rutin and berberine) and 0.0025 g (chrysin and piperine) and 

analytically transferred into 25 ml volumetric flasks. The 

standards were then dissolved with >99% HPLC grade 

methanol and diluted to the mark to make stock solutions of 

1000 ppm of Rutin and berberine whereas, chrysin and 

piperine 100 ppm standards respectively. Calibration 

standards and serial dilutions were made from stock solutions 

and diluted with methanol. Dark brown bottles were used 

during the preparation of the stock and serial dilution 

solutions, to avoid the degradation of plant samples from 

light. The prepared solutions were stored at 4 °C in a dark 

room until further analysis. 

 

Sample Preparation of Medicinal Plant 
      The plants were collected from several villages in 

Botswana,  Kanye and Moshupa  in the  Ngwaketse  district,  

 

 

and Mogoditshane village in the Kweneng district. E. 

elephantina plant powder was bought from a traditional 

medicine herbalist in the Capital city of Botswana, Gaborone. 

In the laboratory, plants were rinsed with double-deionized 

water to get rid of soil and dust. Samples were then cut into 

small pieces, air dried in a sub-due lightroom for 3 weeks, 

ground to powder stored in an amber bottle before extraction. 

Accurately 1.000 g of sample was weighed into a 15 ml 

centrifuge tube and 10 ml methanol was added as an 

extractant. The plant samples were vortexed for 5 min and 

then put into an ultrasonicate bath at 25 ºC for 15 min.  The 

extract was then treated with 10 ml chloroform to precipitate 

proteins and fat.  Vortex shaking was done for 1 min then the 

sample was centrifuged for 10 min at 5000 rpm. The 

remaining supernatant solution was filtered through a 

Whatman No.1 filter paper to remove any solid particles. The 

filtrate was then stored in an amber bottle for sample cleanup. 

 

Sample Clean-up 
      The SPE cartridge used in the cleaning up of the sample 

extract was activated by flushing with 10 ml of methanol and 

hydrochloric acid (1:1 ratio at pH 2.7) then the sample extract 

loaded in the Sep-Pak SPE C18 silica bonded (1 g) column 

cartridges. The analytes were then eluted with 5 mL of the 

mobile phase (0.1% formic acid: Acetonitrile, 50:50) at a 

flow rate of 1 ml min-1. The resulting solution was collected 

in brown bottles and stored at 4 ºC until sample analysis [34]. 

 
Method Validation 
      To determine the validity of the RP-HPLC method 

developed for fitness of the intended purpose, the 

chromatographic results were subjected to precision, 

accuracy, linearity, the limit of detection and quantitation, 

recovery, specificity, and robustness The linearity of an 

analytical method developed was validated using coefficients 

of determination (R2) values. The values obtained for the 

respective parameters were compared with (ICH) and Food 

and Drug Administration (FDA) guidelines [35]. According 

to ICH guidelines, limits of detection (LODs) were calculated 

using 3.3 σ/s values and quantification (LOQs) 10 σ/s values, 

where “σ” is the standard deviation of the response and “s” is 

the slope of the calibration curve. The area value of inter-day 

and intra-day precisions were also calculated. The relative 

standard   deviation    was  used  to  calculate  the  precision 
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(%RSD) [34,36]. 

 

Recovery Study 
      To conduct analyte recovery tests, the plant sample was 

spiked in two ways with subsequent analyte recovery. Pre-

extraction matrix spiked sample was the first method of 

extraction, in which the (15 µg ml-1) plant sample was spiked 

with a known quantity (15 µg ml-1) of standards mixture 

before being subjected to the extraction procedure. The 

second method of analyte recovery involved extracting the 

plant sample followed by spiking with the standard mixture 

resulting in a post-extraction spiked sample. The peak heights 

of the standards from the same sample before and after 

spiking were compared to determine percentage recovery.  

[37,38]. Recovery percentage is difficult to determine the 

compounds in medicinal plants because there is no blank 

matrix available. So, the standard addition method is suitable 

to measure the target analyte in plant samples.  

 
RESULTS AND DISCUSSION 
 

Development of RP-HPLC Method 
      The optimal wavelengths for the standards (rutin, chrysin, 

piperine, and berberine) were determined by scanning the 

respective 15 µg ml-1 stock solutions using an 

Ultraviolet/Visible spectrophotometer. The spectra of each 

standard at 340, 341, 268 and 336 nm respectively. All 

standards were developed using the RP-HPLC method at 336 

nm since this wavelength produced excellent peaks and had 

consistent intensity throughout the studies. An optimal 

wavelength of 336 nm was used to develop the RP-HPLC for 

the determination of the selected flavonoids and alkaloids. 

The standards were determined using an HPLC instrument 

with a UV-VIS-DAD detector, and the highest wavelength 

absorption chromatogram for every standard was defined and 

used for various analyte determinations, thereby increasing 

the sensitivity and limit of detection (LOD) of the analytes 

under consideration. The method developed displayed 

baseline resolution for the selected analytes. 

 
Optimized Chromatographic Conditions 
      A baseline resolution of the four compounds was 

obtained using isocratic elution with a mobile phase ratio                

of  15:85 v/v ratio,  (solvent  A 0.1%  formic acid: solvent B  

 

Fig. 1. Chromatogram of 1. rutin, 2. chrysin, 3. piperine, and 

4. berberine using J’Sphere C18 column at a wavelength of 

336 nm using a flow rate of 1 ml min-1 with mobile phase 

composition of 0.1% formic acid: Acetonitrile (15:85 v/v).  

 

 

acetonitrile) at a flow rate of 1 ml min-1. The baseline 

resolution was obtained on a J’Sphere C18 column (150 ×     

4.6 mm internal diameter) 4 µm (particle size) at a column 

temperature of 30 °C within a total run time of fewer than               

3 min Fig. 1. The individual retention times for rutin, chrysin, 

piperine, and berberine were 1.36, 1.88, 2.15 and 2.69 min 

respectively. 

      In previous research, different mobile phase solutions and 

solvents were used to obtain retention times much higher than  

 

those obtained in this study. According to [39] rutin and 

Berberine were eluted at 6.94 min and 4.7 min, respectively. 

In another study [40,41,42], berberine and Piperine were 

eluted with retention times of 8.3 and 5.9 min respectively. 

Chrysin has also been previously eluted with a retention time 

of 4.3 min [43]. As such, the newly developed RP-HPLC 

method provided baseline resolution of rutin, berberine, 

piperine, and chrysin more rapidly than most previously 

reported studies. 

 

System Suitability Test 
      System suitability was conducted to determine if the 

developed RP-HPLC method was fit for its intended purpose.  

The factors considered for system suitability tests and their 

respective ICH limits were, retention factor (K’ >1), 

resolution (Rs > 2), theoretical plate number (N > 2000), and 

asymmetry factor (As). The results obtained from Table 1 

indicated that all suitability test parameters passed using                 

ICH and Food and Drug  Administration  (FDA) guidelines,      
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Table 2, making the developed RP-HPLC method fit to be 

used for the intended purpose. 

 

Method Validation 
      The developed RP-HPLC method was validated using 

linear regression (R2 values), LODs, LOQs, and percentage 

recovery of the analytes. For all the standards, the 

coefficients of determination (R2) ranged from 0.9986 to 

0.9993 and linear ranges from 1 to 3.5 µg ml-1 as shown in 

Table 3 with the respective standards calibration curves 

shown in Figs. 2a-d below. The LODs ranged from 0.04 to 

0.6 µg ml-1 and LOQs were 0.14 to 1.95 µg ml-1 (Table 3).                      

In previous studies, the parameters of LOD (0.04 and                               

0.20 µg ml-1) and LOQ (0.13 &0.61 µg ml-1) for Berberine 

[33,45] Rutin LOD (0.07 & 0.51 µg ml-1) and LOQ (0.20 and 

1.55 µg ml-1) in the polyherbal formulation [33,46], Piperine 

LOD  (0.82 µg ml-1)  &  LOQ  (2.49 µg ml-1)  [47],  Chrysin 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LOD (2.5 µg ml-1) & LOQ (7.6 µg ml-1) [48] were higher than 

this study. 

      The relative standard deviation (RSD) obtained was less 

than 2% and the recovery percentage ranges from 80-115% 

for the compounds studied satisfying guidelines from ICH 

and FDA, compare Tables 2 and 4. The recovery tests were 

conducted using Solanum aculeastrum dunal as a 

representative of the medicinal plants in this study. 

 

Application to Local Traditional Medicinal Plants  
      The anticancer standards were applied and optimized 

with the plant Elephantorrhiza elephantina, resulting in 

retention times and %RSD values that were repeatable and 

intermediate in precision listed in Table 5. The results 

obtained indicated that the developed method was fit for its 

intended purpose. Identification of the compounds was found 

with  the  selected  medicinal  plants  and  succeeded  by the 

Table 1. System Suitability Tests (SST) Results for the Developed RP-HPLC Method  

 

Standards Retention time 

 (min) 

Retention factor 

(K’) 

Resolution 

 (Rs) 

Theoretical plate 

(N) 

Asymmetry factor 

 (As) 

Rutin  1.36 1.19 5.47 2363 0.54 

Chrysin  1.88 10.43 2.99 8634 0.93 

Piperine 2.15 12.08 3.64 7363 0.82 

Berberine 2.69 14.58 9.44 7384 0.68 

 

 

Table 2. Validation Parameters and the Acceptance Criteria According to the (ICH) International Conference on 

Harmonization and Food and Drug Administration (FDA) [39,44] 

 

Validation parameter Acceptance criteria Validation guideline Results of present work (Rutin, Chrysin, 

Berberine & Piperine) 

Precision < 2% RSD ICH 0.76-2.6% 

Repeatability 

Linearity 

 

< 0.999 or 1 

 

FDA 

 

0.9986-0.9992 

Accuracy 80-120% FDA 80-115% 

System suitability 

Retention time 

 

< 1% RSD 

 

ICH 

 
0.70-1.82% 

Tailing factor < 2.0 ICH 0.54-0.93 

Resolution Greater than 2 ICH 2.99-9.44 

Theoretical plates N > 2000 ICH 2363-8634 
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Table 3. Analytical Properties of Anti-cancer Standards Method Performance (n = 6) 

 

Standards Regression equation R2 Concentration 

(µg ml-1) 

LOD 

(µg ml-1) 

LOQ 

(µg ml-1) 

Rutin  Y = 6.46x + 2.4867 0.9992 1.00-3.50 0.4 1.14 

Chrysin  Y = 24.339x - 2.867 0.9993 1.00-3.50 0.3 1.1 

Piperine  Y = 67.983x - 29.795 0.9986 1.00-3.50 0.6 1.95 

Berberine  Y = 42.113x + 4.645 0.9992 1.00-3.50 0.04 0.14 
 

 

  
(a) Rutin (b) Chrysin 

 
 

  
(c) Piperine (d) Berberine 

Fig. 2. (a,b,c, and d) standards calibration curves for Rutin, Chrysin, Piperine, and Berberine respectively. 
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Table 4. Recovery Percentage for Rutin, Chrysin, Piperine, 

and Berberine from Solanum aculeastrum dunal 

 

Standards Standard added  
(µg ml-1) 

Recovery 
(%) 

RSD 
(%) 

Rutin 5 80.8 ± 1.6 1.6 

10 93.5 ± 1.2 1.5 

15 107.5 ± 0.7 0.5 

Chrysin 5 93.0 ± 0.8 0.8 

10 95.7 ± 0.1 0.1 

15 115.6 ± 1.5 1.3 

Piperine 5 86.2 ± 0.4 0.5 

10 99.8 ± 0.9 0.7 

15 106.2 ± 1.1 1.0 

Berberine 5 96.2 ± 0.09 0.09 

10 99.6 ± 1.8 1.7 

15 103.8 ± 0.1 0.1 

 

 

Table 5. Retention Times and %RSD Values Indicating 

Repeatability and Intermediate Precision of the Anticancer 

Standards in Elephantorrhiza Elephantina 

 

Standards Repeatability 

Retention time (min) ± STDEV 

(n = 6) 

RSD 
(%) 

Rutin 1.38 ± 0.01 0.70 

Chrysin 1.90 ± 0.01 0.92 

Piperine 2.18 ± 0.02 0.97 

Berberine 2.68 ± 0.04 1.82 

 

Standards Intermediate precision 

Retention time (min) ± STDEV 

(n = 6) 

RSD 
(%) 

Rutin 1.37 ± 0.02 1.29 

Chrysin 1.89 ± 0.02 0.88 

Piperine 2.16 ± 0.02 0.76 

Berberine 2.66 ± 0.03 2.60 

 

 

method of spiking and comparing the retention times of the 

compounds to the retention time of the working standards. A  

 

 

Fig. 3. Chromatogram of Elephantorrhiza elephantina 
extract using optimum chromatography condition. 1-Rutin, 
2-Chrysin. 

 

representative chromatogram of compounds found in plant 

samples using the RP-HPLC method developed is shown in 

Fig. 3. Figure 3 shows chromatogram peaks of the compound 

present in the plant samples using the RP- HPLC method 

developed. 

      The results obtained indicated that Piperine and 

Berberine were not found in the four medicinal plants 

studied, Table 5. In a previous study on Piperine, it has been 

observed that piperine is mostly found in piper species [49], 

which could explain the absence of this alkaloid in the plants 

in this study. Another study [50] reported that piperine was 

dependent on the method of extraction and duration of 

extraction. In that study, supercritical fluid extraction has a 

higher yield within a shorter time than Soxhlet extraction, a 

factor that could also have contributed to the results obtained 

in this study. Berberine has been isolated and quantified in a 

number of different medicinal plants with higher yields 

obtained in the genus berberis [50,51,52]. The extraction of 

Berberine has been fairly successful with most of the 

extraction methods including the one used in this study 

[53,54]. Even though high intensities of light and temperature 

have been found the degrade berberine [53], the necessary 

precautions were followed in this study, which leads to a fair 

conclusion that the alkaloid, berberine may not have been in 

the medicinal plants studied. 

Table 6. Quantitative analysis of selected anti-cancer 

compounds in Botswana traditional medicinal plants. 

      Rutin and chrysin were on the other hand found in the 

plants studied, with rutin in all the plants studied and chrysin 

in  all  others  except  S. aculeastrum dunal,  Table 6.  These 
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flavonoids have been reported to contain anticancer 

properties [55,56] hence their presence in the plants studied 

brings hope for further study on the anticancer properties of 

the same. The quantities of rutin in S. aculeastrum dunal,                      

E. elephantina and C. aphylla were not significantly different 

at a 95% confidence interval. In the previous study, rutin was 

not found in E. elephantina [33] even though both studies 

were conducted in the same laboratory. The E. elephantina 

samples in these studies were obtained from different 

locations, which could suggest that the geological location of 

the sample matters relating to the content of rutin. The plants 

S. aculeastrum dunal, C. aphylla, and A. glauca have been 

reported to exhibit beneficial medicinal properties [2], 

however, the literature review revealed limited study of the 

content of rutin in the same plants suggesting it could be the 

first time they it has been studied in these medicinal plants. 

In some plants, rutin has been found in larger quantities that 

may lead to commercialization, such as in Capparis saponisa 

((2.76) (%w/w)) [57] and Moringa senopetela (2.34 (%w/w) 

[58], which was not the case with rutin obtained from the 

plants in this study. Chrysin is also known to exhibit good 

medicinal properties and it was found in E. elephantina, C. 

aphylla, and A. glauca, but not in S. aculeastrum dunal, Table 

5. There was no significant difference in the amount of 

chrysin obtained in E. elephantina, C. aphylla, and A. glauca 

at a 95% confidence interval. The contents of chrysin from 

the above plants were found to be significantly higher than 

that obtained from a previous study [55,56,59]. From the 

literature, it has been observed that plants that were found to 

contain chrysin had a variety of health benefits [59,60,61], 

including the management of cancer which could partly 

explain the medicinal properties displayed by the plants in 

this study. This study has revealed that the plants studied               

are good  candidates  for  further  research to determine their  

 

 

 

 

 

 

 

 

 

 

 

efficacy towards cancer. Some herbalists in Botswana claim 

that the plants studied in combination with other medicinal 

plants have been used successfully to manage cancer patients, 

which calls for attention to seek alternative medicine from 

local medicinal plants. 

 
CONCLUSIONS 
 

      For the determination of anticancer standards in selected 

medicinal plants in Botswana, the RP-HPLC method was 

discovered to be simple and accurate, precise, and rapid in 

this study. The operation of this method is satisfying all the 

criteria such as system suitability, theoretical plate, column 

efficiency, asymmetry factor, high resolution, and so on. 

Whereas, the isocratic eluent is suitable for this method 

because it eluted all the compounds in very less time while 

comparing the gradient eluent with this mobile phase is 

coeluted with other compounds. This method is safe and 

reliable for determining Rutin, Chrysin, Piperine, and 

Berberine in medicinal plants, and the total analysis time was 

less than 3 min, compared to the earlier studies. The quicker 

analysis time was an advantage of utilizing fewer chemicals 

for the experiment, which resulted in less waste to the 

environment. Analytical methods can be used as a rapid 

screen to help concrete a way for more research into plants 

that have been found as potential health replacements for 

treating anticancer and other chronic illness treatment. Most 

of the research was find out the alkaloids and other 

phytochemical constituents present in S.aculeastrum 

however,  this is the first-time flavonoid compound has been 

identified using an RP-HPLC method development. Previous 

studies of Adenia glauca reported compounds of cyanogenic 

galactose present in the plant. Adenia Glauca was also 

involved  in  method  development  first  time and it contains 

 Table 6. Quantitative Analysis of Selected Anti-cancer Compounds in Botswana Traditional Medicinal Plants 

Plant name Rutin 
 (mg g-1) 

Chrysin  
(mg g-1) 

Berberine 
 (mg g-1) 

Piperine 
(mg g-1) 

S.aculeastrum  10.73 ± 1.20 - - - 

E.elephantina 9.09 ± 0.92 1.15 ± 0.09 - - 

C. aphylla 8.18 ± 1.12 1.36 ± 0.10 - - 

A.glauca 6.44 ± 0.46 1.21 ± 0.08 - - 
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flavonoid compounds.  
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