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Abstract: Traditionally, ivy leaf (Hedera helix) has been used for a large number of ailments. In the 19th 

century, water-based extract of young leaves was used for respiratory diseases. The aim of the current study was to 

quantify the triterpene saponin named hederacoside C of ivy leaf spray-dried extract of Hedera helix using high-

performance liquid chromatography (HPLC) method coupled with UV-visible detector. The solvent system 

consisted of solvent A (phosphoric Acid 85%: acetonitrile: water with the ratio of 2: 140: 860) and solvent B 

(phosphoric acid 85%: acetonitrile with the ratio of 2:998). A gradient elution was used for separation at 205 nm at 

a flow rate of 1.5 mL/min. The separation was performed using a C18 column at a temperature of 40°C. The 

method was validated as per ICH guidelines for precision, accuracy, recovery, ruggedness, and robustness. The 

method was found to be precise, accurate, robust, and reproducible according to the guidelines of United States 

Pharmacopeia 2014 and European Pharmacopeia 8.0. The content of triterpene saponins was found to be 17.6%. 

Despite many studies reported on the method development and quantification of compounds of Hedera helix, there 

is insufficient work reported on the spray-dried extracts of this plant. This study quantifies the hederacoside C from 

the spray-dried extract of the plant by developing an accurate, cheap, robust, and precise method. The proposed 

method can be of significant usage in the pharmaceutical industry.  

Keywords: Hedera helix, spray drying, triterpene saponins, hederacoside C, high-performance liquid 

chromatography. 

高效液相色谱法定量测定常春藤喷雾干燥提取物的三萜皂苷 

摘要：传统上，常春藤叶（常春藤螺旋）已被用于治疗大量疾病。在 19 世纪，幼叶的水

基提取物被用于治疗呼吸道疾病。本研究的目的是使用高效液相色谱(高效液相色谱)方法和

紫外可见检测器对常春藤叶喷雾干燥提取物常春藤苷 C 中的三萜皂苷进行定量。溶剂体系由

溶剂一个（磷酸 85%：乙腈：水 2：140：860）和溶剂乙（磷酸 85%：乙腈 2：998）组成。

梯度洗脱用于在 205 纳米处以 1.5 毫升/分钟的流速进行分离。使用 C18 柱在 40°C的温度下

进行分离。该方法已根据非物质文化遗产指南对精密度、准确度、回收率、耐用性和稳健性
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进行了验证。根据美国药典 2014 和欧洲药典 8.0 的指南，该方法被证明是精确、准确、稳

健和可重复的。三萜皂苷含量为 17.6%。尽管许多研究报告了常春藤化合物的方法开发和定

量，但关于这种植物的喷雾干燥提取物的工作报道不足。本研究通过开发一种准确、廉价、

稳健和精确的方法，从植物的喷雾干燥提取物中量化常春藤苷 C。所提出的方法可以在制药

工业中具有重要用途。 

关键词：常春藤，喷雾干燥，三萜皂甙，常春藤苷 C，高效液相色谱。 

 
 

1. Introduction 
Hedera helix belongs to genus Hedera and the 

family Araliaceae (ginseng), found present in Europe 

[1]. It has almost 70 genera and 700 plant species [2]. 

The common names of the species include Ivy, 

common ivy, and English ivy [3]. Different 

morphologies of the species and genome are from 

different areas includes continental France, southern 

Italy and typical Europe. It gives better results at the 

salinity level of 2.5dS/m [4, 5]. Traditionally it has 

been used for many diseases  such as pain, diarrhea, 

rheumatoid arthritis, lung infection, and whooping 

cough. Its decoction was reported for anti-lice, anti-

scabies, and as a sun screen. Its sap was used to treat 

aches of the head and ear [6]. In the 19th century, 

water-based extract of its young leaves was used for 

respiratory diseases due to its expectorant and 

bronchorelaxant properties [7].  

 
Fig. 1 Chemical structure of hederacoside C 

 

The German Commission E approved it as an 

effective drug for long-term inflammatory diseases of 

the lung, sputum producing coughs owing to 

bronchorelaxant and expectorant activities [8, 9]. 

However, its leaves and sap contain saponins and 

polyacetylenes that produce irritation and allergic skin 

reaction [10]. Ivy leaf reported to contain triterpene 

saponins, which include derivatives of hedergenin as 

bidesmosides, hederasaponin C (hederacoside C), and 

hederasaponin B, D,E,F,G,H, I monodesmosides: α-

hederin [11, 12]. 

A method using high-performance liquid 

chromatography-tandem mass spectrometry (UPLC-

MS/MS) was developed for the determination of 

hederacoside C in rat plasma [11]. HPLC-DAD method 

was used for simultaneous determination of saponins 

and flavonoids in Ivy leaf  extract [12]. Hederacoside C 

European Pharmacopeia identified hederacoside C by 

thin layer chromatography [13]. HPLC-PDA profiling 

of Hedera helix leaves collected from different regions 

was performed by Dhawan et al. [14]. Blumenthal et al. 

explained Hederacoside C in methanolic extract of ivy 

leaf by LC-MS [15]. Another study quantified six 

phenolic compounds in ivy leaf extract using HPLC 

[16]. One more study determined hederacoside C in 

Ivy-thyme cough syrup [17, 18]. Spray-dried extracts 

(SDE) manufactured by spray drying technology are 

unique and have multiple advantages in the 

pharmaceutical industry [19]. This is the latest and 

utmost technology in pharmaceutical, food, and other 

industries and is currently obtaining the interest of 

investors and manufacturers [20]. Spray drying 

produces good quality products with minute impact of 

water action and mass reduction resultant with easy 

portability and storage [21]. No study on the analysis of 

hederacoside C from spray-dried extract of ivy leaf has 

yet been presented. So, the current study was 

established for the quantification of hederacoside C 

from spray-dried extract of Ivy leaves using HPLC-UV 

method. 

 

2. Methodology 
 

2.1. Formulation of Spray-Dried Extract of Hedera 

Helix 

Crushed leaves of the plant were mixed in a solvent 

mixture composed of purified water and ethanol 

(1:2.33) for extraction. The crushed leaves and solvent 

mixture were taken in a ratio of 1:5, and the mixture 

was heated for 120 ± 5 min while maintaining the 

temperature up to 77 ± 5°C and pressure up to 430 ± 30 

mmHg. The resulted thick mixture was decanted. After 

decantation, the extract was collected in a receiving 

container. The next stage was filtration through the 
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sieve of 350 mesh size into a holding container. The 

fourth step was evaporation that began when 

temperature approximated to 90°C and was up to 

100°C in evaporation columns throughout the 

evaporation process. The thick liquid extract was 

carried toward the feeding container of spray dryer and 

spray drying process was carried out at 183 ± 2°C. 

After completion of drying, the extract was blended in 

a blender at a speed of 20 ± 2 rpm. At the end spray-

dried extract in the powder form was collected in an 

air-tight and double-seal polybag. Place this sealed bag 

into another polybag with 40 gm silica gel. The powder 

was water-soluble and yellowish brown to brown in 

color and partly soluble in water.  

 

2.2. HPLC Analysis 

 

2.2.1. Instrumentation and Reagents 

The HPLC system Dionex Ultimate 3000 is 

equipped with UV-visible detector and binary pump. 

The analyses were performed on a C18 column (YMC 

Hydrosphere L 150 × 4.6 mm i.d., 5 μm) protected by a 

guard column. Methanol, acetonitrile, phosphoric acid 

were of HPLC grade and purchased from Sigma-

Aldrich. Sartorius syringe filters were used for 

filtration of the sample and standard before injection 

into the system. Standard hederacoside C was 

purchased from Sigma-Aldrich. Hedera helix leaves for 

preparation of extract were procured from Herbion 

Lahore plant. The plant was botanically identified from 

the botany and R&D department of Herbion, Karachi 

Pakistan. For further authentication and identification, 

plant specimens were deposited in the R&D 

Department at Herbion for future references.   

 

2.2.2. Sample Preparation 

The sample of SDP (spray dried powder) was 

prepared by dissolving 500 mg (weight) of SDP in 

diluted methanol (20% water) in 50-mL volumetric 

flask. The mixture was sonicated for 15 min and 

diluted to 50 mL with diluted methanol. Finally, 

solution was filtered through 0.45 micron syringe filter. 

 

2.2.3. Standard Preparation 

Standard hederacoside C weighing 10 mg was 

placed in 10-mL volumetric flask, dissolved in diluted 

methanol (20% water), sonicated for 2–3 min and 

filtered. 

 

2.2.4. Analytical Procedure 

A volume of 20 µL was injected for both test and 

standard solution. The mobile phase (composition 

mentioned in Table 1) was run at a flow rate of 1.5 

mL/min, detection was performed at 205 nm, column 

temperature was maintained at 40°C and gradient 

elution system (mentioned in Table 2) was used. 

 

 

Table 1 Mobile phase composition 

Mobile Phase A 

(V/V/V) 

B 

(V/V) 

Phosphoric Acid 2 2 

Acetonitrile 140 998 

Water 860 - 

 
Table 2 Gradient elution program of mobile phase for the 

quantification of biomarker in the SDE of Ivy leaf 

Time 

 (Min) 

Mobile Phase  

A 

Mobile Phase B 

 

0 100 0 

30 60 40 

 

2.3. Method Validation 

For validation of the analytical procedure, ICH 

guidelines were followed. For accuracy, recovery, 

precision, repeatability, and reproducibility, the 

guideline CPMP/ICH/281/95 was followed. The 

method has been validated for the detector’s linear 

responses in the range of 50–400 µg/mL (06 

injections). The linear regression analysis was done by 

plotting the average peak area (mAU/min) against 

concentration (µg/mL), and the correlation coefficient 

was calculated. Instrument precision was measured by 

injecting standard solution of one concentration six 

times and results were presented in RSD form that was 

less than 2%. Method precision was determined by the 

evaluation of three different standard concentrations on 

inter and intra-day. Recovery studies were used to 

evaluate the accuracy of the method. A known amount 

of standard was added to a sample of known 

concentration at 80, 100, and 120% of standard and 

analyzed in triplicate, and percent recovery was 

calculated. Ruggedness was determined by changing 

the analyst and robustness was checked by evaluating 

the effect of the analytical parameter’s deviation on 

retention time. The limit of quantification (LOQ) and 

limit of detection (LOD) were determined using 

regression analysis according to the ICH guidelines, as 

follows: LOD = 3.3 (SDy/S), LOQ = 10 (SDy/S) where 

SDy for standard deviation of y-intercept and S for the 

slope of the calibration curve. 

 

3. Results and Discussion 
In the current study, we quantified and standardized 

the triterpene saponins in ivy leaf SDE by HPLC 

fingerprinting. 

 

3.1. Estimation of Triterpene Saponins by HPLC 

HPLC is the accurate and precise method for 

quantitative analytical studies. Hederacoside C was 

quantified using the HPLC method. The 

chromatographs for hederacoside C standard and 

extract are shown in Fig. 2 and 3, respectively. The 
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peak of the hederacoside C reference standard was 

eluted at 20.1 min, and a peak with a similar retention 

time was also notified in ivy leaf SDE. The content of 

biomarker was calculated to be about 17.61% (w/w). 

Fig. 2 Chromatogram showing the peak of hederacoside C 
 

 
Fig. 3 Chromatogram showing the peak of hederacoside C in Ivy 

leaf SDE 

 

3.2. Method Validation Studies Linear Response 

The method has been validated for detector linear 

response. The response was found to be linear in the 

range of 50-400 µg/mL (06 injections). The linear 

regression analysis was performed by plotting the 

average peak area (mAU/min) against concentration 

(µg/mL), and the correlation coefficient was found to 

be r
2 

> 0.9999 indicating a good linear correlation, as 

mentioned in Table 3. 

 
Table 3 Data of regression analysis for hederacoside C 

quantification by HPLC method 

Parameters Values 

Concentration (ug/ml) 50–400 

Detection wavelength (nm) 205 

No. of injections 6 

Slope of equation 0.037 

Y- intercept 0.015 ± 4.91 

r² 0.9999 

Regression equation Y = 0.037x + 0.015 

SD of y-intercept calculated by 

LINEST function in excel 

0.044161 

LOD 3.93 ug/mL 

LOQ 11.94 ug/mL 

 

3.2.1. Precision 

Precision was found to be good for the given three 

concentrations (100, 150, 300 µg/mL) as RSD values 

are less than 2% as shown in Table 4. 

  
Table 4 Results of instrument and method precision for the 

quantification of hederacoside C in the SDE of ivy leaf 

Concentration  

(ug/ml) 

Instrument Precision 

RSD (%) 

Method 

Precision 

RSD (%)     

Interday Intraday 

100 0.248 0.748 0.412 

150 0.307 0.513 0.364 

300 0.742 0.693 0.324 

 

3.2.2. Accuracy and Recovery 

A known amount of standard was added to the 

sample of known concentration at 80, 100, and 120% 

of standard and analyzed in triplicate, and percent 

recovery was calculated against each level (mentioned 

in Table 5) and found in the acceptance limit (95%-

105%). 
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Table 5 Results of analytical method accuracy for the quantification 

of hederacoside C in the SDE of ivy leaf 

Concentration of standard added (mg) RSD 

(%) 

Recovery 

(%) 

80 0.19 98.91 

100 0.25 100 

120 0.23 99.53 

 

3.2.3. Ruggedness and Robustness 

Ruggedness was evaluated by the change of analyst, 

and percent RSD was less than 1%. Robustness was 

evaluated by changing the source of acetonitrile, a 

distance of mobile phase, and column saturation time. 

Method was found to be robust as the RSD was less 

than 2%. 

 

3.2.4. LOQ and LOD 

The limits of quantification and limit of detection 

were determined as follows: LOD = 3.3 (SDy/S), LOQ 

= 10 (SDy/S). The LOD and LOQ of triterpene 

saponins were found to be 3.93 and 11.94 ug/mL, 

respectively.  

 

4. Conclusion 
Hedera helix is a rich source of triterpene saponins. 

The pharmacological activity of the plant is attributed 

to the presence of these compounds. Many studies have 

been performed and developed for the determination of 

hederacoside C (triterpene saponin). However, none of 

the studies reported employed spray-dried extract of 

the plant. For this reason, this study reports a method 

for the quantification of triterpene saponins named 

hederacoside C by HPLC from the spray-dried extract 

of Hedera helix (ivy leaf). The content of triterpene 

saponins was found to be 17.61%. The analytical 

procedure was validated as per ICH guidelines. The 

analytical method developed was precise, accurate, 

specific, reproducible and robust. Hence, it is 

concluded that the developed method can be employed 

in routine pharmaceutical analysis of ivy leaf spray-

dried extract as it is simple and fast. 
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