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Background: wild Coleus forskohlii L. is a well-known traditional medicine for the treatment of many diseases 
because of its high forskolin content and several diterpenes. Objective: this study aimed phytochemical screen-
ing, fi nding of total phenolic content (TPC), total fl avonoid content (TFC) and antioxidation activity of Coleus 
forskohlii L. leavse extracts in Al-Leith area, Saudi Arabia. Materials and Methods: dry leaves of wild C. forskohlii 
L. were used. Four solvents from diverse polarity groups were tested on these leaves, which are ethanol, ethyl 
acetate, chloroform, and hexane. Moreover, obtained extracts were used in phytochemical analyzing, fi nding of 
total phenols, and antioxidation activity. Results: showed the presence of phenols, fl avonoids, tannins, alkaloids, 
Proteins, carbohydrates, saponins, and glycosides in Coleus forskohlii L. leaves. The highest value of total phenolic 
content (TPC) was signifi cantly (P < 0.001) in ethanol extract (280.5±2.33 mg GAE/gm. Also, the highest value 
of total fl avonoid content (TFC) was in ethanol extract (141.4±1.30 mg QE /g). The antioxidation activity was 
signifi cantly (P < 0.001) higher in ethanol extract (78.55±2.23%), followed by ethyl acetate extract (60.18±1.21%), 
chloroform extract (36.11±2.54%), and lowest value in hexane extract (20.71±0.59%). The study clearly indicated 
that the leaves extract of C. forskohlli L. collected from Al-Leith region- Saudi Arabia has properties to be useful 
in pharmacological and biological industries.
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INTRODUCTION

        Oxidation processes are essential for administering 
energy in living organisms, so, there is a balance be-
tween the production of reactive oxygen species (ROS) 
and oxidants, otherwise, numerous diseases will appear 
such as diabetes, cancer, aging, arteriosclerosis, and 
cardiovascular diseases1. Antioxidants are protective 
substances, that decrease oxidation damage in human 
cells when the enzymatic mechanisms are ineffi cient2. 
Despite the modern development of pharmaceutical 
chemicals to treat diseases, medicinal plants are still an 
important way of treating diseases3. Medicinal plants 
are considered as very valuable way to obtain natural 
compounds that are highly different in their properties, 
structures, and mechanisms of reaction. They have se-
veral kinds of polyphenols, such as phenyl propanoids, 
phenolic acids, fl avonoids, and tannins4. They are known 
to have antioxidation activity and free radical scavenging 
effi cacy. Besides, Polyphenols have several biological 
properties, such as metal chelation and inhibition of 
lipid peroxidation. Coleus forskohlii (Lamiaceae family) 
is one of the famous medicinal plants in Indian indige-
nous system of treatment, especially, for heart ailments, 
insomnia, asthma, bronchitis ,anaemia, epilepsy, and 
infl ammation5–6. It is highly spread in India, Thailand, 
and South-East Asia. It has been found also in Egypt, 
Arabian Peninsula, Ethiopia, and Brazil7. the leaves of 
C. forskohlii L. are used as an expectorant, diuretic and 
emmenagogue, stomach aid8, and in the treatment of 
intestinal disorders9. And C. forskohlii L. roots are used 
in increasing the power of myocardial contraction and 
increased insulin secretion10. The roots are also used to 
treat worms and relieve burning in festering boils. More-
over, it is applied to treat skin infections and eczema11. 
The roots are well-Known as the only natural source of 
forskolin (Figure 1), which is a highly clinical compo-

nent of this plant. It is used traditionally in medicine to 
treat heart failure and is commonly applied to activate 
adenylate cyclase which has key regulatory roles in all 
cells12–13. Also, it has antiplatelet aggregation, antith-
rombotic, antidiuretic, and antidepressant activities14–15. 
More ever, other constituents were isolated from roots 
of Coleus forskohlii L. and identifi ed as 14- deoxycoleon 
U, demethylcryptojaponol, alpha-amyrin, betulic acid, 
alpha-cedrol and beta-sitosterol. In other studies, they 
found several compounds in root extracts which are 
diterpenoids viz., deactylforskolin, 9 – deoxyforskolin, 
1- deoxyforskolin, 1, 9 – dideoxy – 7 – deacetylforskolin 
in addition to forskolin (7β – acetoxy – 8, 13-epoxy- 1α, 
6 β, 9 – trihydroxylabd-14-en-11-one)16–18. In addition, 
rosmarinic acid (Fig. 2), was isolated from C. forskohlii 
L. leaves. It has several biological effects such as anti-
microbial, anti-infl ammatory, antioxidative, and antiviral 
activities. its presence in herbs, medicinal plants, and 
spices gives them health-promoting effects on the hu-
man body19–20.
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Figure 1. Chemical structure of Forskolin

Some studies carried out on the essential oil C. for-
skohlii L. leaves, The highly abundant components of 
the essential oil are a sesquiterpene hydrocarbon (7.5%), 
γ-eudesmol (12.5%), β-sesquiphellandrene (13.15%), 
3-decanone (7.0%), and bornyl acetate (15%)21. Another 



  Pol. J. Chem. Tech., Vol. 25, No. 3, 2023 57

study on essential oil identifi ed twenty-fi ve compounds, 
whereas thymol (52.02%), γ-terpinene (18.70%) 2-Un-
decanone (2.57%), (+) -4-carene (1.47%), o- cymene 
(12.73%), 6-methyl-2-heptanol acetate (1.50%), and 
caryophyllene oxide (1.36%) as the major components22. 
Based on scientifi c surveys, there is no systematic c re-
port in the literature on C. forskohli L. collected from 
Al-Leith region - Saudi Arabia (located around 250 km 
south of Jeddah City). Because it is rich of remarkable 
concentrations of Mn, Co, Fe, Al, Ni, Zn, Cr, and Cu 
elements23. Therefore, the aim of this study is to calculate 
the potential antioxidation of leaves extracts of C. for-
skohlii L. collected from Al-Leith region – Saudi Arabia, 
using various extracts. Also, total phenolic content, total 
fl avonoid content, and phytochemical analysis.

MATERIAL AND METHODS.

Chemical reagents and solvents:
Quercetin, gallic acid, folin-Ciocalteu reagent, alu-

minum chloride, and sodium carbonate from Merck 
Company (Darmstadt, Germany). All other solvents and 
reagents were of analytical grade.

Processing of plant samples:
C. forskohlii L. leaves (Fig. 3) were collected from the 

Al-Leith area, Kingdom of Saudi Arabia. Authentication 
of the plant was performed by Dr. Haidar Abd Algadir, 
Department of Biology, Faculty of Science at Al-Baha 
University. The leaves of this plant were correctly washed 
in water tap and then in distilled water. The leaves were 
dried in an oven at a temperature of 35 to 40oC for 3 
days. Then by using an electric blender, the dried leaves 
of this plant were fi ne crushed.

Preparation of sample extracts:
The fi ne powder of dry leaves was put into the Soxhlet 

apparatus for the continuous fi ltration extraction process. 
Applying standard methods given by Harbone et al., 
and Szada et al.,24–26, with each of ethanol (95%), ethyl 
acetate (95%), chloroform (95%), and hexane (95%), 
which were used as a solvent for extraction in 1:4 (raw 
materials to solvent) ratio. Then fi ltration of these four 
mixtures using fi lter papers (Whatman no. 4) (Fig. 4). 
This protocol was repeated two times to make sure that 
the extraction is well done with each solvent. After that, 
by using the rotary evaporator at room temperature the 
fi ltrates were dried, and the extracts were stored in dark 
bottles at 4–6oC for analysis.

Phytochemical screening:
Chemical analysis was achieved in ethanol, ethyl 

acetate, chloroform, and ethanol extracts of dry leaves 
of C. forskohlii L. using standard protocols to analyze 
constituents24–28.

Determination of total phenolic content (TPC):
The quantitative analysis of polyphenols in leaves 

extracts was analyzed by applying a procedure29. Each 
extract (1 ml) was added to Folin Ciocalteu reagent 
(1 ml). After 3 min, saturated sodium carbonate solution 
(30%) (1ml) was mixed with them and completed to 
10 ml with distilled H2O. Then this mixture was saved in 
a dry and shade place for one hour with little shaking. 
Total phenolic contents (TPC) were calculated, and the 
absorbance was taken at 725 nm using a spectrophoto-
meter (UNICAM UV300) based on the standard curve 
for gallic acid (GAE). The results were presented as mg 
of gallic acid equivalent per g of dry extract.

Determination of total fl avonoid contents (TFC):
The total fl avonoid contents (TFC) were calculated by 

applying a modifi ed aluminum chloride assay procedure30. 
Summarily, each extract (1 ml) was mixed with water 
(4 ml) in a 10 ml volumetric fl ask. In the beginning, 5% 
NaNO2 solution (0.3 ml) was added to each volumetric 
fl ask, 10% AlCl3 (0.3 ml) was added after 5 min, then 1.0 
M NaOH (2 ml) was added after 6 min. Finally, water 
(2.4 ml) was added and mixed very well. The absorbance 

Figure 2. Chemical structure of Rosmarinic acid

Figure 3. Coleus forskohlii L. leaves
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of the reaction mixture was taken at 510 nm. TFC was 
calculated based on the standard curve of Quercetin 
equivalents (mg QE /g of dry weight).

Determination of antioxidation activity:
Determination of antioxidation activity using 1,1-di-

phenyl-2-picrylhydrazyl (DPPH) Free radical scavenging 
procedure. The used method was applied according to 
standard method31 with little modifi cations. First, a solu-
tion of 1 ml of DPPH (0.1 mM) and 0.9 ml of Tris-HCl 
in methanol was prepared. Then 1 ml of the prepared 
solution was mixed with 3 ml of each extract at all con-
centrations (100, 200 and 300 μg/ml) and incubated in 
the dark for 30 minutes at room temperature. Butylated 
hydroxytoluene (BHT) was applied as a positive control. 
Discoloration of the resulting mixture was measured at 
517 nm. The below formula was used for the calculation 
of activity to scavenge the DPPH radical.
DPPH scavenging activity (%) = [ADPPH-AS / ADPPH] x 100

Where, AS is the absorbance of the solution when the 
sample extract was used and ADPPH is the absorbance 
of the DPPH solution.

Statistical analysis:
The statistical analysis was carried out by statistical 

analysis systems (SAS, Ver. 9, SAS Institute Inc., Cary, 
NC, USA) then the results were presented of three re-
plicates as the mean ± standard deviation (SD). Thus, 
the data were statistically evaluated by using the general 
linear model (GLM) and variance was calculated by using 
Duncan‘s multiple range test at P ≤ 0.05.

RESULTS AND DISCUSSION

Phytochemical analysis of C. Forskohlii L. leaves
Phytochemical-analyzing results (Table 1) of the le-

aves powder sample extracted in ethanol, ethyl acetate, 
chloroform, and hexane showed the presence of all the 
components in ethanol extract, followed by ethyl acetate 
extract that is positive for all components accept tannins 
and carbohydrates. Chloroform extract was positive for 
phenols, fl avonoids, carbohydrates, and proteins. Whe-
reas hexane extract was negative for all components, 

Figure 4. Preparation of the extracts

Table 1. Phytochemical constituents of C. forskohlii L. leaves 
extracts

this indicates that ethanol can extract all the available 
phytochemicals.

The presence of phenols, fl avonoids, alkaloids, tannins, 
protein, saponins, carbohydrates, and glycosides in the 
ethanol extract of leaves, of C. forskohlii L., showed 
that this solvent is effi cient to isolate reactive biological 
compounds due to its high polarity32–33. So, it is sugge-
sted that the phytochemical extract from this plant gives 
approval for use in allopathic medicine because they are 
potential sources of antitumor antiviral, and antifungals34.

Total phenolic contents (TPC) and Total fl avonoids 
contents (TFC) of C. forskohlii leaves

TPC of C. forskohlii L. leaves extracts in Table 2 
were shown signifi cantly (P < 0.05) highest TPC in 
ethanol extract (280.5±0.21 mg GAE/gm), followed by 
ethyl acetate extract (199.18±1.21 mg GAE/gm), then 
chloroform extract (162.94±1.45 mg GAE/gm), and 
the lowest content was in hexane extract (51.72±2.16 
mg GAE/gm). The TPC values of C. forskohlii leaves 
were signifi cantly different in all the four-extract used 
indicating that ethanol extract is the preeminent among 
them. Phenols commonly contain high antioxidant, 
anticancer and antimutagenic activities, so, the highest 
content of total phenol for leaves extracts is responsible 
for better antioxidant34. Phenolic compounds appeared 
from nonpolar to very polar compounds, so selecting the 
highest suitable solvent is signifi cant in maximizing the 
extraction process. Ethanol is always preferable for the 
extraction of antioxidants from plants mostly because of 
its good extractability.
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Similarly, for TFC (Table 2), the highest value was 
shown in ethanol extract (141.4±1.30 mg QE /g) followed 
by ethyl acetate (88.4±2.10 mg QE /g), chloroform extract 
(88.4±2.10 mg QE /g), while hexane normally has given 
low content (41.7±0.60 mg QE /g). The TFC values of 
C. forskohlii leaves were also statistically signifi cantly 
different (P < 0.05) in all the four-spate extracts used 
indicating that ethanol extract is the outstanding among 
them. It is recognized that fl avonoid compounds with a 
specifi c conformation and hydroxyl group in their mole-
cules can be related to health and medical effects, such 
as infl ammation, lowering the problems of aging, heart 
and blood vessel diseases, and some types of cancers32. 
Another study34 carried out on the leaves of C. forskohlii 
L. collected from different land, it has given different 
values of TPC and TFC, this can be explained by the 
fact that the presence of phenolic compounds is affected 
by plant tissues and growth conditions. Several plants 
have already been shown to have antioxidant activity 
with higher amounts of phenols and fl avonoids32. TPC 
was signifi cantly (P < 0.05) higher in tubers (27.05 μg 
catechol equivalents/g dry tissue) than in roots (24.22 μg 
catechol equivalents/g dry tissue) and stem (21.26 μg 
catechol equivalents/g dry tissue)34. The stems of C. 
aromaticus showed a higher content of total polyphe-
nols (62.12 mg/g LW) compared with C. forskohlii. The 
ethanolic extract of C. forskohlii tubers had a maximum 
phenolic content of 38.82 ± 0.22 mg GAE/g35.

Antioxidant activity of C. forskohlli leaves extract
The antioxidation activity of C. forskohlli L. leaves is 

detected using methanol solution of DPPH reagent. It 
is proved that when the concentration of polyphenolic 
compounds increases, the antioxidation activity of a plant 
extract and DPPH radical scavenging activity increases as 
well. Antioxidants are compounds that delay or inhibit 
the oxidations in the cells by preventing the initializa-
tion of oxidizing reactions35. the antioxidant activity of 
leaves extract of C. forskohlii (Table 3), was signifi cantly 
(P < 0.05) higher in ethanol (78.55±2.23%), followed by 
ethyl acetate (60.18±1.21%), chloroform (36.11±2.54%), 
and hexane (27.76±2.76%). The antioxidant activity va-
lues of C. forskohlii leaves showed signifi cant differences 
(P < 0.05) in all four extracts used. Also, it has presen-
ted values of antioxidation activity close to the control 
(BHT) (Fig. 5). it can be concluded that the scavenging 
activity of leaves extracts at all concentrations (100, 200, 
and 300 μg/ml) on DPPH radicals were highly better, 
compared to BHT. The scavenging effects of ethanolic 
extract on the DPPH radical was decreasing in the order 
of BHT > leaves. So, the leaves extract of C. forskohlii 
L. collected from Al-Leith region of Saudi Arabia exhi-
bited a stronger antioxidant activity than the same plant 
collected from another region of Saudi Arabia36 This is 
attributed to the coastal nature of the land of Al-Leith, 

which affects the concentration of compounds in the 
plant. Our fi ndings demonstrated that the correlation 
coeffi cient between the phenolic concentration of leaves, 
fl avonoids concentration and DPPH scavenging activity 
is 0.907. 0.911 and 0.918, respectively, indicating a strong 
correlation which are in correlation with other studies 
reported by researchers37–44. Hence the relationship 
between antioxidant activity and the phenolic& fl avo-
noids presented that thesecomponents were the major 
contributors to the antioxidant properties which have 
been confi rmed by several researchers45–53.

Figure 5. Antioxidant activity (%) of C. forskohlii L. leaves 
extracts compared with BHT. Each value is as mean 
± SD, n = 3

Table 2. TPC and TFC of C. forskohlii L. leaves

Table 3. Antioxidant activity (%) of C. forskohlii leaves extracts

CONCLUSION:

This study gives a comprehensive profi le, phytochemical 
components, phenolic and fl avonoid contents, and DPPH 
antioxidant activity of a wild plant C. forskohlii L. col-
lected from Al-Leith region in Saudi Arabia. This plant 
presents a high value of antioxidant activity compared to 
the same plant grown in other areas so, it can be used 
in the biological, pharmaceutical, and food industries. 
Moreover, phytochemicals (phenols, fl avonoids, tannins, 
alkaloids, proteins, carbohydrates, steroids, saponins, 
and glycosides) have been identifi ed as all in ethanol 
extract of the leaves. Phenolic and fl avonoid contents 
of leaves extracts are varying concentrations depends 
on the solvent in extraction.
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