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ABSTRACT: The increasing emergence of antimicrobial-resistant bacteria has 

encouraged the exploration of medicinal plants as alternative sources of bioactive 

compounds with therapeutic potential. A study was conducted to assess the antibacterial 

and antioxidant activity of Catharanthus roseus and analyze its phytochemical profile. 

The plant extract exhibited significant antioxidant activity with an IC₅₀ value of 119.3 

ppm and was able to inhibit the growth of both Gram-positive and Gram-negative 

bacteria that causes UTIs. Alkaloids were identified as vincristine, vinblastine, 

catharanthine and the major phenolic compounds were identified as quercetin, rutin, 

ferulic acid, p-coumaric acid, vitexin, kaempferol and caffeic acid by HPLC. These 

results suggest that C. roseus could be used as a natural source of bioactive compounds 

that are potentially used in pharmaceuticals. 

 

I. INTRODUCTION 
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Plant Material: Aerial parts (leaves and stems) of C. roseus were obtained from Al-Zohoor Nursery in Wasit Province of Iraq. 

The plant material was washed, dried in the oven at 37ºC, ground to a fine powder and preserved for extraction. 

Plant Constituents Extraction: Terpenoid and alkaloid extracts were prepared as per Harborne (1984) while phenolic 

compounds were extracted as per Ribéreau-Gayon (1972). Concentration of the extracts was carried out by using a rotary 

evaporator and stored at 4°C for further analysis. 

Quantification of Bioactive Compounds: Total phenolics, flavonoids, alkaloids, tannins, glycosides and saponins were 

quantified as described by Al-Salami (1998), Al-Bid (1985), Baba and Malik (2015), Ghorai et al. (2012) and Tofighi and Ghazi 

Saeedi (2016) 

Antioxidant Activity: The antioxidant activity of the crude extract was evaluated using the DPPH free radical scavenging 

assay according to Yen and Duh (1994) and Von Gadow et al. (1997). 

Antibacterial Activity: The antibacterial activity of the extracts was determined using the agar well diffusion method 

according to Balouiri et al. (2016). The minimum inhibitory concentration (MIC) and minimum bactericidal concentration 

(MBC) were determined according to Wiegand et al. (2008), and the results were interpreted following CLSI (2025). 

HPLC Analysis: The identification and quantification of alkaloid and phenolic compounds were carried out using HPLC 

according to Ngamsuk et al. (2020) and Krstonošić et al. (2019). 

Statistical Analysis: All experiments were performed in triplicate. Data were analyzed using SPSS version 26. Mean 

differences were compared using one-way analysis of variance (ANOVA) followed by the least significant difference (LSD) 

test at P ≤ 0.05 according to Steel and Torrie (1980). 

Yield of Plant Extracts: The extraction yields of terpenoid, phenolic, and alkaloid extracts obtained from the aerial parts of 

C. roseus are presented in Table 1. The alkaloid extract showed the highest extraction yield (19.8%), followed by the phenolic 

extract (14.2%), whereas the terpenoid extract exhibited the lowest yield (6.5%). The variation in extraction yield may be 

attributed to differences in the distribution of secondary metabolites and extraction efficiency. Similar observations have been 

reported by Verma et al. (2007), Rajashekara et al. (2022), and Islam et al. (2022). 

Table 1. Yield (%) of different extracts obtained from C. roseus. 

Extract type Yield (%) 

Terpenes 6.5 

Phenols 14.2 

Alkaloids 19.8 

Quantification of Bioactive Compounds   : The quantitative analysis of bioactive compounds in C. roseus is presented in 

Table 2. Total phenolic content (TPC) was the predominant constituent (126.8 mg/g), followed by total flavonoid content 

(74.3 mg/g). Lower concentrations were recorded for alkaloids (3.84 mg/g), tannins (2.11 mg/g), glycosides (1.26 mg/g), and 

saponins (0.42 mg/g). The predominance of phenolic compounds may explain the biological activities of the plant. Similar 

findings have been reported for C. roseus by Nisar et al. (2017) and Tolambiya et al. (2023).  

Table 2. Quantification of bioactive compounds in C. roseus. 

Bioactive compound Content (mg/g) 

Total phenolics (TPC) 126.8 

Total flavonoids (TFC) 74.3 

Alkaloids 3.84 
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Glycosides 1.26 

Tannins 2.11 

Saponins 0.42 

Antioxidant Activity:   The antioxidant activity of the crude extract of C. roseus increased in a concentration-dependent 

manner, reaching the highest DPPH radical scavenging activity at 500 ppm. The calculated IC₅₀ value was 116.9 ppm (Table 

3), indicating strong antioxidant potential. The antioxidant activity of the crude extract may be attributed to the combined 

effect of phenolic compounds, flavonoids, alkaloids, and other phytochemicals present in the plant. Similar findings have 

been reported by Lobo et al. (2010) and Salehi et al. (2019). 

Table 3. DPPH radical scavenging activity of C. roseus crude extract. 

Concentration (ppm) Inhibition (%) 

30 21.58 

60 31.67 

120 52.84 

250 64.31 

500 80.65 

IC₅₀ (ppm) 116.9 

Antibacterial Activity :The antibacterial activities of the terpenoid, phenolic, and alkaloid extracts of C. roseus against the tested 

bacterial isolates are presented in Table 4. The phenolic extract exhibited the highest antibacterial activity at all tested 

concentrations, followed by the alkaloid extract, whereas the terpenoid extract showed the lowest activity. At 75 mg/ml, the 

phenolic extract produced inhibition zones of 24.6 ± 0.8, 20.8 ± 0.7, 19.6 ± 0.6, and 18.7 ± 0.6 mm against S. aureus, E. coli, 

P. aeruginosa, and K. pneumoniae, respectively. Significant differences were observed among the extract types at all tested 

concentrations (P = 0.001). The superior antibacterial activity of the phenolic extract may be attributed to its high phenolic 

content, which has been reported to damage bacterial cell membranes and inhibit essential metabolic processes. Similar 

findings were reported by Shoker et al. (2021), Solaq and Shoker (2026), and Raheema and Hassan (2016). 

Table 4. Antibacterial activity of C. roseus extracts against the tested bacterial isolates (mean ± SD). 

Bacteria Extract type 25 mg/ml 50 mg/ml 75 mg/ml 

 

S. aureus 

Terpene 0.0 ± 0.0 C 0.0 ± 0.0 C 8.6 ± 0.4 C 

Alkaloid 12.1 ± 0.5 B 16.3 ± 0.6 B 20.4 ± 0.7 B 

Phenol 14.2 ± 0.6 A 19.5 ± 0.6 A 24.6 ± 0.8 A 

 

E. coli 

Terpene 0.0 ± 0.0 C 0.0 ± 0.0 C 7.1 ± 0.3 C 

Alkaloid 10.5 ± 0.5 B 14.2 ± 0.6 B 17.6 ± 0.6 B 

Phenol 12.7 ± 0.5 A 16.7 ± 0.6 A 20.8 ± 0.7 A 

 

P. aeruginosa 

Terpene 0.0 ± 0.0 C 0.0 ± 0.0 C 6.5 ± 0.3 C 

Alkaloid 9.8 ± 0.4 B 13.5 ± 0.5 B 16.9 ± 0.5 B 

Phenol 11.5 ± 0.4 A 15.9 ± 0.6 A 19.6 ± 0.6 A 

 

K. pneumoniae 

Terpene 0.0 ± 0.0 C 0.0 ± 0.0 C 6.5 ± 0.3 C 

Alkaloid 9.2 ± 0.4 B 12.8 ± 0.5 B 16.1 ± 0.5 B 
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Phenol 10.9 ± 0.4 A 15.1 ± 0.5 A 18.7 ± 0.6 A 

LSD 1.07 1.34 1.44 

P-value 0.0019 0.0006 <0.0001 

Different letters within the same column indicate significant differences at P ≤ 0.05 

Comparison with Standard Antibiotics: The antibacterial activity of phenolic extract from C. roseus was compared with 

standard antibiotics against the tested bacterial isolates (Table 5). The phenolic extract had significant antibacterial activities 

against all the tested bacteria despite the larger inhibition zone exhibited by the standard antibiotics. The zone of inhibition 

for the highest activity was obtained with S. aureus (24.6 ± 0.8 mm) and the lowest zone of inhibition was received with K. 

pneumoniae (18.7 ± 0.6 mm). The effectivity of the antibiotics is anticipated due to the presence of the purified antimicrobial 

agents in the antibiotics, while the plant extract consists of a blend of antimicrobial compounds in a crude form. However, 

the high antibacterial activity of the phenolic extract indicates the possibility of using this extract as a natural source of 

antibacterial agents. Similar antibacterial activity of plant phenolic extracts has been reported by Shoker et al. (2021) and Solaq 

and Shoker (2026). 

Table 5. Comparison of the antibacterial activity of the phenolic extract of C. roseus with standard antibiotics. 

Treatment S. aureus E. coli P. aeruginosa K. pneumoniae 

Ciprofloxacin (5 µg/disc) 28.4 ± 0.9 B 26.7 ± 0.8 B 25.5 ± 0.7 B 25.1 ± 0.7 B 

Linezolid (30 µg/disc) 30.2 ± 0.8 A — — — 

Amikacin (30 µg/disc) — 27.9 ± 0.8 A 26.8 ± 0.7 A 26.1 ± 0.7 A 

C. roseus Phenolic Extract (75 mg/ml) 24.6 ± 0.8 C 20.8 ± 0.7 C 19.6 ± 0.6 C 18.7 ± 0.6 C 

LSD 1.52 1.41 1.33 1.29 

P-value <0.001 <0.001 <0.001 <0.001 

Different antibacterial activities were observed between the phenolic extract and the standard antibiotics against the tested 

bacterial isolates. 

Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC): The phenolic extract 

of C. roseus exhibited a minimum inhibitory concentration (MIC) of 6.25 mg/ml and a minimum bactericidal concentration 

(MBC) of 12.5 mg/ml against S. aureus (Table 6). The MBC/MIC ratio was 2, showing that the phenolic extract was 

bactericidal against the tested isolate. Low MIC and MBC values indicate the potent antibacterial activity of the phenolic 

extract, likely due to its rich phenolic composition that helps disrupt bacterial cell membranes and inhibit key metabolic 

pathways. Similar antibacterial effects of phenolic and alkaloid plant extracts have been reported by Raheema and Hassan 

(2016), while Wiegand et al. (2008) and Balouiri et al. (2016) described the methodological basis for MIC and antibacterial 

susceptibility testing. 

Table 6. MIC and MBC of the phenolic extract of C. roseus against S. aureus. 

Plant extract MIC (mg/ml) MBC (mg/ml) MBC/MIC ratio 

C. roseus (Phenolic extract) 6.25 12.5 2 

 

HPLC Analysis: The HPLC profiles of the alkaloid reference standards are shown in Figures 1–3. The three alkaloid 

compounds were identified in the C. roseus extract by comparing their retention time with the corresponding reference 

standards. The HPLC chromatogram of the alkaloid extract is shown in Figure 4 and the amounts of the identified 

compounds are summarized in Table 7. The predominance of vinblastine and vincristine in the composition indicates the 

characteristic alkaloid composition of C. roseus that is known to yield pharmacologically active indole alkaloids. The same 

observation has been reported by Verma et al. (2007), Rajashekara et al. (2022), and Solaq and Shoker (2026). 
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Table 7. HPLC analysis of alkaloid compounds identified in C. roseus. 

Compound Concentration (ppm) 

Vincristine 365.08 

Vinblastine 412.56 

Catharanthine 189.87 

Total 967.51 

 

Figure 1. HPLC profile of alkaloid standard of C. roseus plant (1) Vincristine. 

 

Figure 2. HPLC profile of alkaloid standard of C. roseus plant (2) Vinblastine. 

 

Figure 3. HPLC profile of alkaloid standard of C. roseus plant (3) Catharanthine. 
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Figure 4. HPLC profile of C. roseus alkaloid extract (1) Vincristine, (2) Vinblastine, (3) Catharanthine. 

The HPLC profiles of the phenolic reference standards are shown in Figures 5–7. Phenolic compounds in the C. roseus extract 

were identified by comparing their retention times with those of the corresponding reference standards. The HPLC 

chromatograms of the phenolic extract are shown in Figures 8–11 and the concentrations of the identified compounds are 

summarized in Table 8. The major phenolic compounds found were quercetin and rutin, while ferulic acid was also present 

and showed the characteristic phenolic profile of C. roseus. These phenolic constituents are known for their antioxidant and 

antimicrobial properties and may contribute to the biological activities observed in the present study. Similar findings have 

been reported by Shoker et al. (2021), Rajashekara et al. (2022), and Aisyah et al. (2023). 

Table 8. HPLC analysis of phenolic compounds identified in C. roseus. 

Phenolic compound Concentration (ppm) 

Caffeic acid 52.6 

Ferulic acid 90.7 

Kaempferol 58.7 

p-Coumaric acid 86.7 

Quercetin 129.1 

Rutin 112.5 

Vitexin 79.8 

Total 610.1 

 

Figure 5. HPLC profile of phenolic standard of C. roseus plant (1) Vitexin. 
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Figure 6. HPLC profile of phenolic standard of C. roseus plant (2) Rutin. 

 

Figure 7. HPLC profile of phenolic standard of C. roseus plant (3) Kaempferol. 

 

Figure 8. HPLC profile of phenolic standard of C. roseus plant (4) Ferulic acid. 
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Figure 9. HPLC profile of phenolic standard of C. roseus plant (5) Quercetin. 

 

Figure 10. HPLC profile of phenolic standard of C. roseus plant (6) Caffeic acid. 

 

Figure 11.  HPLC profile of phenolic standard of C. roseus plant (7) p-Coumaric acid 
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Figure 11. HPLC profile of C.s roseus alkaloid extract (1) Vitexin, (2) Rutin, (3) Kaempferol, (4) Ferulic acid, (5) Quercetin, (6) 

Caffeic acid, (7) p-Coumaric acid. 

 

The present study demonstrated that C. roseus is a rich source of bioactive compounds with promising antioxidant and 

antibacterial activities. The phenolic extract exhibited the highest antibacterial activity against the tested bacterial isolates, 

while the crude extract showed strong antioxidant activity in the DPPH assay. HPLC analysis confirmed the presence of 

major alkaloids, including vincristine, vinblastine, and catharanthine, as well as phenolic compounds such as quercetin, rutin, 

ferulic acid, p-coumaric acid, caffeic acid, kaempferol, and vitexin, which may collectively contribute to the observed 

biological activities. These findings suggest that C. roseus has considerable potential as a natural source of bioactive 

compounds for future pharmaceutical applications. Further in vivo studies and toxicity evaluations are recommended to 

confirm its therapeutic efficacy and safety.

[1] Al-Bid, M.R. (1985). Plant Chemistry and Natural Products. Baghdad: University of Baghdad Press.  

[2] Al-Salami, N.M. (1998). Medicinal Plants and Their Active Constituents. Baghdad: Dar Al-Hikma Press.  

[3] Baba, S.A. and Malik, S.A. (2015). Determination of total phenolic and flavonoid content, antimicrobial and 

antioxidant activity of a root extract of Arisaema jacquemontii Blume. Journal of Taibah University for Science, 9(4): 449–454.  

[4] Balouiri, M.; Sadiki, M. and Ibnsouda, S.K. (2016). Methods for in vitro evaluating antimicrobial activity: A review. 

Journal of Pharmaceutical Analysis, 6(2): 71–79.  

[5] Clinical and Laboratory Standards Institute (CLSI) (2025). Performance Standards for Antimicrobial Susceptibility Testing. 

35th edn. Wayne, PA: CLSI.  

[6] Ghorai, N.; Chakraborty, S.; Gucchait, S.; Saha, S.K. and Biswas, S. (2012). Estimation of total terpenoids 

concentration in plant tissues using a monoterpene, Linalool as standard reagent. Protocol Exchange, 005. 

[7] Harborne, J.B. (1984). Phytochemical Methods: A Guide to Modern Techniques of Plant Analysis. 2nd edn. London: Chapman 

and Hall.  

[8] Islam, M.T.; Quispe, C.; El-Kersh, D.M.; Shill, M.C.; Bhardwaj, K.; Bhardwaj, P.; Devkota, H.P. and Sharifi-

Rad, J. (2022). Therapeutic potential of medicinal plants and their bioactive compounds. Phytotherapy Research, 36: 1718–

1744.  

[9] Krstonošić, V.; Dokić, L.; Nikolić, I. and Milanović, J. (2019). HPLC analysis of phenolic compounds in medicinal 

plants. Journal of Analytical Methods, 11(4): 225–233.  

[10] Lobo, V.; Patil, A.; Phatak, A. and Chandra, N. (2010). Free radicals, antioxidants and functional foods: Impact on 

human health. Pharmacognosy Reviews, 4(8): 118–126.  

[11] Nisar, A.; Mamat, A.S.; Hatim, M.I.; Aslam, M.S. and Ahmad, M.S. (2017). Antioxidant and Total Phenolic 

Content of Catharanthus roseus Using Deep Eutectic Solvent. Recent Advances in Biology and Medicine, 3: 7–10.  

[12] Ngamsuk, S.; Huang, T.C. and Hsu, J.L. (2020). High-performance liquid chromatography analysis of phenolic 

compounds in medicinal plant extracts. Molecules, 25(8): 1–15.  



Natural Resources for    
Human Health 
eISSN: 2583-1194 

 

791 
 Natural Resources for Human Health (NRFHH) 

https://nrfhh.com 

[13] Raheema, R.H. and Hassan, R.M. (2016). Evaluation the antibacterial effect of alkaloids and phenols extraction 

from Hibiscus sabdariffa against UTI infection in vitro. European Journal of Pharmaceutical and Medical Research, 3(3): 22–25.  

[14] Rajashekara, S.; Reena, D.; Mainavi, M.V.; Sandhya, L.S. and Baro, U. (2022). Biological isolation and 

characterization of Catharanthus roseus (L.) G. Don methanolic leaves extracts and their assessment for antimicrobial, 

cytotoxic, and apoptotic activities. BMC Complementary Medicine and Therapies, 22.  

[15] Ribereau-Gayon, P. (1972). Plant Phenolics. Edinburgh: Oliver and Boyd.  

[16] Salehi, B.; Venditti, A.; Sharifi-Rad, M.; Kręgiel, D.; Sharifi-Rad, J.; Durazzo, A.; Lucarini, M.; Santini, A. and 

Souto, E.B. (2019). The therapeutic potential of apigenin. International Journal of Molecular Sciences, 20(6).  

[17] Shoker, R.M.H.; Raheema, R.H. and Shamkhi, I.J. (2021). Antimicrobail activity, HPLC analysis of phenolic 

extract of Ocimum basilicum and Ocimum sanctum. Biochemical and Cellular Archives, 21(2): 3493–3495.  

[18] Solaq, E.M. and Shoker, R.M.H. (2026). Antibacterial activity of alkaloids, phenols extracts, estimation of active 

compounds and profile of bioactive compounds by HPLC method of Rosmarinus officinalis. Pakistan Journal of Agricultural 

Research, 39(2): 123–131.  

[19] Steel, R.G.D. and Torrie, J.H. (1980). Principles and Procedures of Statistics: A Biometrical Approach. 2nd edn. New York: 

McGraw-Hill.  

[20] Tofighi, Z. and Ghazi Saeidi, S. (2016). Determination of total glycosides content in medicinal plant extracts. Iranian 

Journal of Pharmaceutical Research, 15(2): 245–252.  

[21] Tolambiya, P.; Kshirsagar, R.B. and Charde, M.S. (2023). Estimation of Total Phenolic and Flavonoid Content and 

Antioxidant Activity in Catharanthus roseus L. (Alba) Plant Extract. Biological Forum – An International Journal, 15(2): 1067–

1072.  

[22] Verma, A.; Laakso, I.; Seppänen-Laakso, T.; Huhtikangas, A. and Riekkola, M.-L. (2007). A Simplified 

Procedure for Indole Alkaloid Extraction from Catharanthus roseus Combined with a Semi-synthetic Production Process 

for Vinblastine. Molecules, 12(6): 1307–1315.  

[23] Von Gadow, A.; Joubert, E. and Hansmann, C.F. (1997). Comparison of the antioxidant activity of aspalathin with 

that of other plant phenols of rooibos tea (Aspalathus linearis), α-tocopherol, BHT, and BHA. Journal of Agricultural and 

Food Chemistry, 45(3): 632–638.  

[24] Wiegand, I.; Hilpert, K. and Hancock, R.E.W. (2008). Agar and broth dilution methods to determine the minimum 

inhibitory concentration (MIC) of antimicrobial substances. Nature Protocols, 3(2): 163–175.  

 Yen, G.C. and Duh, P.D. (1994). Scavenging effect of methanolic extracts of peanut hulls on free-radical and active-

oxygen species. Journal of Agricultural and Food Chemistry, 42(3): 629–632.

 


