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Abstract Forskolin, classified as a labdane-diterpenoid,
exhibits the remarkable ability to stimulate vital cellular
enzyme adenylyl cyclase, which triggers elevated levels of
the critical secondary messenger molecule cyclic AMP
across various cell types. This bioactive compound occurs
naturally in the roots of Coleus forskohlii, a distinguished
member of the mint family Lamiaceae. The plant is
commonly known as Indian Coleus, makandi, and pashan
bhedi. Various chemical and biological synthesis
techniques aim to produce forskolin efficiently and
sustainably. The extraction of forskolin is achieved
through various techniques, including hydrotropic
solubilization,  ultrasonication,  Soxhlet  extraction,
microwave-assisted solvent extraction, matrix solid-phase
dispersion extraction, and heat reflux extraction using
various solvents. Analytical methods for the estimation of
forskolin encompass UV-visible spectroscopy, liquid
chromatography ~ (LC),  high-performance  liquid
chromatography, thin-layer chromatography (TLC), and
high-performance thin-layer chromatography.
Additionally, forskolin has garnered attention in clinical
and experimental studies, revealing diverse
pharmacological effects. These include antiplatelet,
bronchodilating, vasodilating, antihypertensive, anticancer,
antidiabetic, and antiglaucoma properties. Further research
on optimizing extraction methods, testing techniques,
improving absorption by the body, as well as
understanding the mechanisms of how forskolin acts in the
body, could expand its medical uses. The versatile nature

of forskolin’s pharmacology underscores its potential as a
valuable compound in various therapeutic applications.

Keywords  Forskolin, Labdane-diterpenoid, Coleus
forskohlii, Lamiaceae

1. Introduction

Forskolin, a naturally occurring phytoconstituent that
stimulates adenylyl cyclase, is used to increase CAMP, and
trigger physiological reactions that depend on cAMP [1].
Forskolin  (73acetoxy-1a,6B,9a-trihydroxy-8,13-epoxy-
labd-14-en-11one) is a labdane-diterpenoid obtained from
the roots of Coleus Forskohlii also called as Plectranthus
barbatus Andrews [2]. The plant is a member of the
Lamiaceae family. The roots of Coleus forskohlii are
typically fibrous, thick, tuberous, 20cm long, 0.5-2.5cm
wide, strongly aromatic, and golden brown in color [3].
Coleus forskohlii roots contain an essential oil that emits a
spicy fragrance, so it is used as a flavourant in the food
sector [4]. Forskolin shows various pharmacological
activities  such  as  antiglaucoma,  antiobesity,
bronchodilating, antithrombotic [3], antihypertensive,
platelet aggregation inhibitory [5], and anticancer
properties [6]. The structural representation of forskolin is
shown in Figure 1.
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Figure 1. Structure of forskolin

2. Profile of Forskolin

Table 1. Physio-chemical profile of Forskolin [7-9]

Category labdane-diterpenoid
Synonym Coleonol, colforsin
Molecular weight 410.5 g/ml
Molecular Formula | CyH3z,0

IUPAC name [(3R,4aR,5S,6S,6aS,10S,10aR,10bS)-3-ethenyl-6,10,10b-trihydroxy-3,4a,7,7,10a-pentamethyl-1-oxo-5,6,62,8,9,
10-hexahydro-2H-benzo[f]chromen-5-yl] acetate

Melting Point 228€

Solubility Soluble in anhydrous DMSO, 100% ethanol, or ethyl acetate.

3. Techniques for the Synthesis of
Forskolin

Multiple  methods for  synthesizing  forskolin,
encompassing both chemical and biological approaches,
have been reported. These techniques span diverse
methodologies aiming to produce forskolin efficiently and
sustainably.

3.1. Chemical Synthesis Technique

Researchers have achieved a significant breakthrough in
forskolin synthesis, a 24-step process yielding hundreds of
milligrams of this valuable natural product in a single run.
This new method overcame key challenges by
incorporating three innovative steps:

1. Strategic Allylic Transposition: This step efficiently
rearranges the molecule's carbon skeleton, paving the
way for subsequent ring formation.

2. Stepwise Isoxazole Ring Assembly: Building the
complex isoxazole ring in a controlled, step-by-step
manner ensures accuracy and avoids unwanted side
reactions.

3. Citric Acid-Modified Upjohn Dihydroxylation: This
clever modification tackles the challenge of

introducing hydroxyl groups onto a particularly stable
double bond, enabling further functionalization.

This new synthesis holds exciting potential for
developing novel forskolin analogs. Traditional methods
often rely on tedious semisynthesis, but this direct
approach opens doors to unexplored chemical
modifications and potentially even more potent or
specialized derivatives [10].

3.2. Biological Synthesis Technique

A research study was conducted to produce forskolin by
constructing a saccharomyces cerevisiae cell factory.
Initially, a strain was engineered to accumulate
13R-manoyl oxide (13R-MO), a critical precursor of
forskolin, at a level of 145.8 mg/L. Subsequently, specific
genes, including CfCYP76AH15, CfCYP76AH11,
CfCYP76AH16, ATR1, and CfACT1-8, were integrated
into this chassis strain, resulting in forskolin production
reaching 76.25 pg/L. Identification of cytochrome P450
enzymes (P450s) as rate-limiting factors led to
optimizations that increased the forskolin titer to 759.42
ug/L. Further metabolic engineering strategies, such as
regulation of gene copy numbers, amplification of the
endoplasmic reticulum area, and enhancement of cofactor
metabolism, were implemented to boost forskolin
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production. This resulted in forskolin yields of 21.47 mg/L
in shake flasks and 79.33 mg/L in a 5 L bioreactor. These
findings provided insights into the synthesis of natural
terpenoids in S. cerevisiae, especially those with complex
synthetic pathways involving multiple P450s [11].

4. Extraction Techniques of Forskolin

Various methods have been discovered for extracting
forskolin from Coleus forskohlii, as shown in Table 2.

5. Analytical Methods for
Determination of Forskolin

Thin-layer chromatography (TLC) was widely utilized
as the predominant and versatile method for herbal analysis,
before the advent of instrumental chromatography
techniques such as gas chromatography and HPLC. TLC
involves the distribution of a solute between two phases: a
stationary phase, which operates through adsorption, and a
liquid mobile phase. The adsorbent is a thin and even layer
of finely powdered drug material applied to a sheet or plate
made of glass, plastic, or metal. The separation is based on
the partitioning alone or a combination of partitioning and
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adsorption, depending on the specific support material and
the use of different solvents [19]. Methods for estimation
of forskolin by TLC are illustrated in Table 3.

High-performance liquid chromatography stands as a
powerful and widely employed analytical technique for
both qualitative and quantitative assessment of
phytoconstituents in herbal extracts. This sophisticated
method involves the separation of complex mixtures into
individual components with high precision and efficiency.
HPLC offers numerous advantages, making it a preferred
method in analytical applications. These include rapidity,
specificity, accuracy, precision, and ease of automation
[20]. Various methods for estimation of forskolin by HPLC
are mentioned in Table 4.

High-performance thin-layer chromatography
represents an advanced and automated version of the
traditional thin-layer chromatography technique. HPTLC
is employed for identifying constituents, assessing
impurities, and Quantifying bioactive elements. Its
advantages over TLC include enhanced accuracy,
reproducibility, and ease of result documentation [19].
Forskolin was estimated by high-performance thin-layer
chromatography (HPTLC) by using Precoated Silica gel
60F2s4 as the stationary phase. Various Mobile phases,
detection wavelength, and Rt value are mentioned in Table
5.

Table 2. Extraction of Forskolin

Sr.no. | Extraction method Solvents % yield References

1. Three-phase partitioning t-butanol 0.197 £0.003% w/w [12]

2. Ultrasound-assisted three-phase partitioning | t-butanol 0.51 £0.01 w/w [12]

3. Enzyme assisted three phase partitioning t-butanol 0.53 £0.01 w/w [12]

4. lonic liquid-based ultrasonic-assisted tetramethyl guanidium lactate 0.508 +0.006% w/w [13]
extraction (TMGL)

5. Microwave-Assisted Extraction methanol 1.0% wiw [14]

6. Supercritical fluid extraction methanol 0.608+0.11% wiw [15]

7. charcoal column chromatography toluene, n-hexane 0.097% wiw [16]

8. Hydrotropic Extraction sodium cumene sulfonate 1.5% wiw [17]

9. Matrix Solid-phase Dispersion ethyl acetate, methanol 0.057 £0.002 %w/w [18]

10. Soxhlet extraction methanol 0. 056 £0.001 %w/w [18]

11. Ultrasonic-assisted extraction methanol 0.054 +0.002 %w/w [18]

12. Heat reflux extraction methanol 0.051+0.002 %w/w [18]

Table 3. TLC of forskolin

Sr No. Stationary phase Mobile phase Detection Retardation factor (Rf) | References

1. Pre-coated silica gel | benzene: ethyl acetate (85:15, v/v) 562nm [21]

2. plates 60Fs. benzene: methanol (9:1, v/v) 0.2540.02 [22]

3. benzene: ethyl acetate (85:15, v/v) 0.21 [23]
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Table 4. HPLC of forskolin

Sr No. | Stationary phase Mobile phase Detection | Retention time References
1. 3.9 mm x 30cm prepacked with silica g?ﬁgﬁbig{;;c:tgg:gg:dloY VIVIV) 15.38 min [21]
2. C18 column (250mm x 4.6mm, 5pm) ‘é”rztgireﬁ?): acetonitrile (B) linear | 515 | 3.5min [24]
3. C18 column (250mm x 4.6mm, 5pum) | acetonitrile: water (45:55, v/v) 220nm 12.376 min [25]
4. C18 column (250mm x 4.6mm, 5pm) | acetonitrile: water (50:50, v/v) 218nm 15.70 min [26]
5. RP-18 column (150 4.6 mm, 5 pm) | acetonitrile: water (50:50, v/v) 210nm 6.9min [22]
6. HiQ Sil C18-HS column methanol:acetonitrile:water 220nm | 4.199min [27]
(60:30:10, v/v/iv)
7. C18 (150 mm =10 mm, 5um) acetonitrile:water (68:32, v/v) 210nm 6.2min [28]
8. C18 (250mm x 4.6mm, 5pm) acetonitrile: Water (50:50, v/v) 220nm [29]
9. RP-18 column (250 X 46 mm, + Zﬁtgp gglﬁyvtvr?;ea:dftjuf:eodf °* | oo | 1ramin [30]
precolumn 40 x 46 mm; 5 pm) orthophosphoric acid.
10. C18 (4.6 x 150mm) water: acetonitrile (60:40, v/v) 202nm 7.61min [23]
11. C18 column (4.6 mm x 250 mm) acetonitrile: water (50:50, v/v) 220nm [31]
12. C18 (250 mm x4 mm, 5pm) water: acetonitrile (50:50, v/v) 210nm 10.3min [16]
13. RP-18 column (150 x 4.6 mm, 5 m) water: acetonitrile (50:50, v/v) 210nm 6.8min [32]
14. RP-18 column (150 x 4.6 mm, 5 m) acetonitrile: water (80: 20, v/v) 210nm [33]
15. RP-18 (30 x 3.5 mm) methanol: water (60:40, v/v) 210nm 7.83min [34]
16. C18 (250mm x 4.6mm, 5pm) acetonitrile: water (50:50, v/v) 210nm 7.040.2min [35]
Table 5. HPTLC of forskolin
Sr No. | Mobile phase Spraying Reagent Detection Retardation References
factor (Ry)
1. ethylaf:etate:hexane: formic acid anisaldehyde-sulphuric acid 555nm 0.4640.012 [36]
(7:2.9:0.1 viv)
2. benzene: ethyl acetate (85:15, v/v) vanillin sulphuric acid 550 nm [29]
3. benzene: ethyl acetate (85:15, v/v) anisaldehyde- sulphuric acid 315nm 0.33+£0.01 [37]
4. Eg:;;%%?%;j&;tate: methanol anisaldehyde- sulphuric acid 545nm 0.64 +0.02 [38]
5. benzene: ethyl acetate (7.5:2.5, v/v) 200nm [39]
6. benzene and ethyl acetate (75:25, v/v) 200nm 0.4940.01 [40]
7. benzene:methanol (9:1, v/v) anisaldehyde- sulphuric acid 545nm 0.25 +0.02 [41]
8. toluene:methanol (18:1.5, v/v) anisaldehyde- sulphuric acid 545nm 0.21 +0.02 [42]
9. ;gogugn&euyvlls;: etate:methanol anisaldehyde- sulphuric acid 545nm 0.48 [43]
10. toluene: methanol (18:1.5, v/v) anisaldehyde- sulphuric acid 545nm 0.2740.02 [44]
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Table 6. Pharmacological activities of forskolin

colonization;
may inhibit
proliferation and
survival of
cancer cells

the lungs of mice.

- Low-dose combination of
forskolin and rolipram inhibits
proliferation and survival of colon
cancer cells.

for cancer prevention and
treatment, but further research is
needed.

Pharmacological activity Mechanism Evidence Inference of study Reference
Antiglaucoma Reduces - Forskolin nanocrystals show - Forskolin could be a potential | [45,46]
aqueous humor promise in pH and thermoreversible | treatment for glaucoma by
inflow; may also | polymeric in situ gel-forming lowering intraocular pressure. -
increase outflow | nanosuspensions. More research is needed to
(needs further - Increases aqueous humor outflow confirm efficacy and understand
research) in rabbit eyes the mechanism of action in
humans
Bronchodilating Relaxes airway - Prevents or reverses contractions - Forskolin could be a prototype | [47,48]
smooth muscle, of airway smooth muscles in vitro for new asthma drugs due to its
inhibits and in vivo. strong bronchodilating activity
histamine and - Suppresses histamine and
leukotriene leukotriene production in vitro.
release
Antiplatelet Inhibits platelet - Total inhibition of aggregation in - Forskolin has the potential to [49,50]
aggregation platelet-rich plasma at 10-20pM reduce the risk of blood clots
forskolin. and cardiovascular events.
- Hinders binding of
platelet-activating factor (PAF) to
its receptor
Antihypertensive Relaxes vascular | - Lowers blood pressure in - Forskolin shows promise asan | [51]
smooth muscle spontaneously hypertensive rats. antihypertensive compound due
to its effectiveness at small
doses and minimal impact on
the central nervous system.
Antiobesity May increase - Changes in hip and waist - Forskolin may be beneficial [52,53]
lean body mass circumference observed in obese for weight management and
and reduce fat patients treated with forskolin, body composition
mass suggesting fat mass reduction and improvement.
bone mass increase.
- Reductions in fat mass and body
fat percentage, and increases in lean
body mass and testosterone in
overweight/obese men treated with
forskolin.
Antidiabetic Lowers blood - Reduces blood glucose levels in - Forskolin has potential as an [54,55]
glucose levels, rats. antidiabetic drug, but more
may also - Enhances testosterone. antioxidant research is needed to understand
enhance function, and sperm concentration | 1t €ffects on humans.
testosterone and | i giabetic rats.
antioxidant
function
Anticancer Decreases tumor | - Decreases tumor colonization in - Forskolin may have potential [56,57]
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7. Conclusions

Forskolin is a labdane-diterpenoid that is obtained from
the roots of Coleus forskohlii. It holds the potential to treat
various diseases due to its versatile pharmacological
properties. This review discusses several extraction
methods of forskolin. Methanol is the most commonly used
solvent in forskolin extraction. This review preliminary
focuses on the chemical and biological synthesis
techniques of forskolin and various pharmacological
activities shown by forskolin such as antiglaucoma,
antiobesity, bronchodilating, antithrombotic,
antihypertensive, platelet aggregation inhibitory, and
anticancer properties and various analytical methods
including TLC, HPTLC, and HPLC. This review reports 10
HPTLC methods, 16 HPLC methods, and 3 TLC methods
for the estimation of forskolin. As the outcome, it can be
assumed that recent trends and existing analytical methods
show that the data is useful for developing and validating
analytical methods.

Conflict of Interest

The authors have no conflicts of interest regarding this
investigation.

REFERENCES
[1] Laurenza A, Sutkowski EM, Seamon KB, Forskolin: a
specific stimulator of adenylyl cyclase or a diterpene with
multiple sites of action, Trends in pharmacological sciences,
Vol.10, No.11l, pp. 442-447, Nov 1, 1989.
https://doi.org/10.1016/S0165-6147(89)80008-2

[2] Alashbahi RH, Melzig MF, Forskolin and derivatives as
tools for studying the role of cAMP, Die Pharmazie-An
International Journal of Pharmaceutical Sciences, Vol.67,
No.1, pp. 5-13, Jan 1, 2012. https://doi.org/10.1691/ph.201
2.1642

[3] Kavitha C, Rajamani K, Vadivel E, Coleus forskohlii: a
comprehensive review on morphology, phytochemistry,
and pharmacological aspects, Journal of Medicinal Plants
Research, Vol.4, No.4, pp. 278-285, Feb 18, 2010.
http://www.academicjournals.org/JMPR 3

[4] Paul M, Radha A, Kumar DS, On the high value medicinal
plant, Coleus forskohlii Brig, Hygeia Journal of Drugs and
Medicines, VVol.5, pp. 69-78, 2013. http://www.hygeiajour
nal.com/

De Souza NJ, Dohadwalla AN, Reden U, Forskolin: a
labdane diterpenoid with antihypertensive, positive
inotropic, platelet aggregation inhibitory, and adenylate
cyclase activating properties, Medicinal research reviews,
Vol.3, No.2, pp. 201-219, 1983. https://doi.org/10.1002/me
d.2610030205

[5]

[6] SapioL, Gallo M, Illiano M, Chiosi E, Naviglio D, Spina A,

Naviglio S, The natural cAMP elevating compound

(7]

(8]

[10]

[11]

[12]

(13]

[14]

[15]

[16]

[17]

(18]

A Review on Forskolin- A Labdane Diterpenoid

forskolin in cancer therapy: is it time, Journal of cellular
physiology, Vol.232, No.5, pp. 922-927, 2017.
https://doi.org/10.1002/jcp.25650

PubChem [Internet]. Bethesda (MD): National Library of
Medicine (US), National Center for Biotechnology
Information; 2004-. PubChem Compound Summary for
CID 47936, Forskolin; [cited 2023 Nov. 23]. Available
from: https://pubchem.ncbi.nlm.nih.gov/compound/Forsko
lin

Forskolin (from Coleus forskohlii), Fisher Bioreagents,
thermofisher.in, https://www.thermofisher.in/chemicals/sh
op/products/forskolin-from-coleus-forskohlii-fisher-biorea
gents-5/YBP252010 (accessed Nov 23, 2023).

https://www.enzolifesciences.com/BML-CN100/forskolin/
(accessed Nov 23, 2023).

Hylse O, Maier L, Kudera R, Pere¢ko T, SvobodovaA,
Kubala L, Paruch K, Svenda J, A concise synthesis of
forskolin, Angewandte Chemie International Edition,
Vol.56, No.41, pp. 12586-12589, Oct 2, 2017.
https://doi.org/10.1002/anie.201706809

Ju H, Zhang C, He S, Nan W, Lu W, Construction and
optimization of Saccharomyces cerevisiae for synthesizing
forskolin, Applied Microbiology and Biotechnology,
Vol.106, No.5-6, pp. 1933-1944, Mar 2022.
https://doi.org/10.1007/s00253-022-11819-z

Harde SM, Singhal RS, Extraction of forskolin from Coleus
forskohlii roots using three-phase partitioning, Separation
and Purification Technology, Vol.96, pp. 20-25, Aug 21,
2012. https://doi.org/10.1016/j.seppur.2012.05.017

Harde SM, Lonkar SL, Degani MS, Singhal RS, lonic
liquid based ultrasonic-assisted extraction of forskolin from
Coleus forskohlii roots, Industrial Crops and Products,
Vol.61, pp. 258-264, Nov 1,2014. https://doi.org/10.1016/j
.indcrop.2014.07.016

Devendra LP, Gaikar VG, Microwave-assisted extraction
of forskolin from coleus roots and its purification by
adsorptive separation using functionalized polymer
designed by molecular simulation, Industrial & engineering
chemistry research, Vol.49, No.19, pp. 9271-9278, Oct 6,
2010. https://doi.org/10.1021/ie100495u

Harde SM, Kagliwal LD, Singhal RS, Patravale VB,
Supercritical fluid extraction of forskolin from Coleus
forskohlii roots, Journal of Food Engineering, Vol.117,
No.4, pp. 443-449, Aug 1, 2013. https://doi.org/10.1016/j.j
foodeng.2012.12.012

Saleem AM, Dhasan PB, Rafiullah MR, Simple and rapid
method for the isolation of forskolin from Coleus forskohlii
by charcoal column chromatography, Journal of
chromatography A, Vol.1101, pp. 313-314, Jan 6, 2006.
https://doi.org/10.1016/j.chroma.2005.11.032

Mishra SP, Gaikar VG, Hydrotropic extraction process for
recovery of forskolin from Coleus forskohlii roots,
Industrial & engineering chemistry research, Vol.48, No. 17,
pp. 8083-8090, Sep 2, 2009. https://doi.org/10.1021/ie801
728d

Yin J, Wang Y, Tan B, Kang Y, Xie D, Tian L, Huang J,
Matrix  solid-phase dispersion extraction for
chromatographic analysis of labdane diterpenoids in Coleus
forskohlii, Phytochemical Analysis, Vol.24, No.2, pp.



[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Advances in Pharmacology and Pharmacy 13(3): 297-304, 2025

117-123, 2013. https://doi.org/10.1002/pca.2388

Shulammithi R, Sharanya M, Tejaswini R, Kiranmai M,
Standardization and quality evaluation of herbal drugs,
IOSR Journal of Pharmacy and Biological Sciences, Vol.11,
No.5, pp. 89-100, 2016. http://www.iosrjournals.org/

Bhardwaj SK, Dwivedia K, Agarwala DD, A review: HPLC
method development and validation, International Journal
of Analytical and Bioanalytical Chemistry, VVol.5, No.4, pp.
76-81, 2015. http://www.urpjournals.com/

Inamdar PK, Kanitkar PV, Reden J, De Souza NJ,
Quantitative determination of forskolin by TLC and HPLC,
Planta medica, Vol.50, No.1, pp. 30-34, 1984.

Kumar MH, Spandana M, Method of Extraction and
Determination of Forskolin from Coleus forskolii of Nepal,
Journal of Pharmacognosy and Phytochemistry, Vol.2,
No.4, pp. 37-39, 2013.

Yanighara H, Sakata R, Shoyama Y, Murakami H, Rapid
analysis of small samples containing forskolin using
monoclonal antibodies, Planta Medica, Vol.62, No.2, pp.
169-172, 1996.

Virgona N, Taki Y, Umegaki K, A rapid HPLC with
evaporative light scattering method for quantification of
forskolin in multi-herbal weight-loss solid oral dosage
forms, Die Pharmazie-An International Journal of
Pharmaceutical Sciences, Vol.65, No.5, pp. 322-326, May 1,
2010. https://doi.org/10.1691/ph.2010.9346

Dwivedi BK, Kumar S, Kumar A, Analysis of forskolin in
Homoeopathic tinctures by validated HPLC method,
International Journal of Medicinal and Aromatic Plants,
Vol.2, No.1, pp. 195-199, 2012.

Sasaki K, Udagawa A, Ishimaru H, Hayashi T, Alfermann
AW, Nakanishi F, Shimomura K, High forskolin
production in hairy roots of Coleus forskohlii, Plant cell
reports, Vol.17, pp. 457-459, 1998. https://doi.org/10.1007
/002990050425

Rana PS, Saklani P, Chandel C, Analyzing the effects of
altitudes on the metabolic diversity and forskolin content in
Coleus forskohlii roots by HPTLC and HPLC, Plant
Biosystems-An International Journal Dealing with all
Aspects of Plant Biology, Vol.156, No.2, pp. 323-329, Mar
4, 2022. https://doi.org/10.1080/11263504.2020.1857865

Wang, Y., Yin, J., Weng, W., Liu, Z. and Huang, J., Kinetic
study of the degradation of forskolin in aqueous systems by
stability-indicating HPLC method and identification of its
degradation products, Journal of Liquid Chromatography &
Related Technologies, Vol.39, No.l, pp. 44-49, 2016.
https://doi.org/10.1080/10826076.2015.1121151

Ciotonea C., Cernatescu C., “Forskolin. morphology.
extraction.  characterization”,  Buletinul  Institutului
Politehnic lasi, http://www.bipcic.icpm.tuiasi.ro/pdf/2010/
bipi_cic_2010_4 10.pdf (accessed Oct 17, 2023).

Mersinger R, Dornauer H, Reinhard E, Formation of
forskolin by suspension cultures of Coleus forskohlii,
Planta medica, VVol.54, No.3, pp. 200-204, 1988.

Hegde L, Kumar TV, Himabindu K, Evaluation of Coleus
forskohlii accessions for tuber and forskolin yield. In Il
WOCMAP Congress on Medicinal and Aromatic Plants,
Vol. 1: Bioprospecting and Ethnopharmacology 675, pp.

(32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

303

217-219, Feb 3, 2003.https://doi.org/10.17660/ActaHortic.
2005.675.32

Schaneberg BT, Khan 1A, Quantitative analysis of forskolin
in Coleus forskohlii (Lamiaceae) by reversed-phase liquid
chromatography, Journal of AOAC International, Vol.86,
No.3, pp. 467-470, May 1, 2003. https://doi.org/10.1093/ja
0ac/86.3.467

Schaneberg BT, Khan IA, Quantitative and qualitative
HPLC analysis of thermogenic weight loss products, Die
Pharmazie-An International Journal of Pharmaceutical
Sciences, Vol.59, No.11, pp. 819-823, Nov 1, 2004.

Vishwakarma RA, Tyagi BR, Ahmed B, Husain A,
Variation in forskolin content in the roots of Coleus
forskohlii, Planta Medica, VVol.54, No.5, pp. 471-472, 1988.

Mrinalini D, Sneha L, Stability Indicating Hplc Method for
Forskolin And Glycyrrhetinic Acid, International Journal of

Ayurvedic and Herbal Medicine, Vol.7, No.3, pp.
2605-2614, 2017.

Khan N, AHMAD A, A Novel Validated
Stability-indicating HPTLC Method to Quantitate

Forskolin as a Bulk Drug and in a Nanosuspension, Indian
Journal of Pharmaceutical Sciences, Vol.80, No.5, pp.
820-826, Sep 1, 2018. https://doi.org/10.4172/PHARMAC
EUTICAL-SCIENCES.1000427

Malathy S, Pai JS, Monitoring of forskolin production from
roots and callus by HPTLC in Coleus forskohlii Briq,
Journal of Spices and Aromatic Crops, Vol.8, No.2, pp.
153-157, 1999.

Shukla PK, Misra A, Kumar M, Singh K, Akhtar J,
Srivastava S, Agrawal PK, Rawat AK, Simultaneous
quantification of forskolin and Iso-forskolin in Coleus
forskohlii (wild.) Brig. and identification of elite chemotype,
collected from eastern ghats (India), Pharmacognosy
Magazine, Vol.13, pp. 881-885, 2017. https://doi.org/10.41
03%2Fpm.pm_202_17

Soni N, Patidar P, Dubey D, Dashora K, Validated HPTLC
Method for Analysis of Forskolin in Coleus forskohlii
Crude Drug collected from different regions of India, Asian
Journal of Research in Chemistry, Vol.5, No.8, pp.
1029-1032, Aug 1, 2012.

Sangeetha S, Samanta MK, Manjunatha N, Tiwari S,
Establishment of pharmacokinetic parameters for the herbal
drug containing forskolin, Journal of Pharmacy Research,
Vol.4, No.7, pp. 2303-2306, 2011. http://jprsolutions.info/

Ahmad S, Rizwan M, Parveen R, Mujeeb M, Aquil M, A
validated  stability-indicating TLC  method  for
determination of forskolin in crude drug and
pharmaceutical dosage form, Chromatographia, VVol.67, pp.
441-447,2008. https://doi.org/10.1365/s10337-008-0521-x

Tamboli ET, Singh M, YT K, Garg M, Parveen R, Mujeeb
M, Ahmad S, Metabolic diversity in Coleus forskohlii Briq.
of Indian subcontinent, Natural product research, Vol.27,
No.19, pp. 1737-1742, Oct 1, 2013.https://doi.org/10.1080/
14786419.2012.751594

Shukla PK, Misra A, Kumar M, Rajan S, Agrawal PK,
Rawat AK, Srivastava S, Intra-specific chemotypic
variability of forskolin content in Coleus forskohlii (wild.)
Brig. growing in Nilgiri hills of India, Journal of Planar
Chromatography-Modern TLC, Vol.29, No.5, pp. 347-355,



304

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

A Review on Forskolin- A Labdane Diterpenoid

2016. https://akjournals.com/view/journals/1006/29/5/artic
le-p347.xml

Ahmad S, Tamboli ET, Garg M, Singh M, Kamal YT,
Mujeeb M, HPTLC fingerprints as tool to study effect of
geographical condition on plant metabolites, Planta Medica,
Vol.77, No.5, pp. 91, 2011.

Wagh VD, Patil PN, Surana SJ, Wagh KV, Forskolin:
upcoming antiglaucoma molecule, Journal of postgraduate
medicine, Vol.58, No.3, pp. 199, Jul 1, 2012.

Gupta S, Samanta MK, Raichur AM, Dual-drug delivery
system based on in situ gel-forming nanosuspension of
forskolin to enhance antiglaucoma efficacy, Aaps
Pharmscitech, Vol.11, No.1, pp. 322-335, 2010.
https://doi.org/10.1208/s12249-010-9388-x

Chang J, Hand JM, Schwalm S, Dervinis A, Lewis AJ,
Bronchodilating activity of forskolin in vitro and in vivo,
European Journal of Pharmacology, Vol.101, pp. 271-274,
Jun 1, 1984. https://doi.org/10.1016/0014-2999(84)90169-
9

Kreutner W, Chapman RW, Gulbenkian A, Tozzi S,
Bronchodilator and antiallergy activity of forskolin,
European Journal of Pharmacology, Vol.111, No.1, pp. 1-8,
Apr 23, 1985. https://doi.org/10.1016/0014-2999(85)9010
6-2

Siegl AM, Daly JW, Smith JB, Inhibition of aggregation
and stimulation of cyclic AMP generation in intact human
platelets by the diterpene forskolin, Molecular
Pharmacology, Vol.21, No.3, pp. 680-687, May 1, 1982.

Wong S, Mok W, Phaneuf S, Katz S, Salari H, Forskolin
inhibits platelet-activating factor binding to platelet
receptors independently of adenylyl cyclase activation,
European Journal of Pharmacology: Molecular
Pharmacology, Vol.245, No.1, pp. 55-61, Mar 15, 1993.
https://doi.org/10.1016/0922-4106(93)90169-A

Dubey MP, Srimal RC, Nityanand S, Dhawan BN,
Pharmacological studies on coleonol, a hypotensive

[52]

[53]

[54]

[55]

[56]

[57]

diterpene  from  Coleus forskohlii, Journal  of
Ethnopharmacology, Vol.3, No.1, pp. 1-3, Jan 1, 1981.
https://doi.org/10.1016/0378-8741(81)90010-6

Loftus, H.L., Astell, K.J., Mathai, M.L. and Su, X.Q.,
Coleus forskohlii extract supplementation in conjunction
with a hypocaloric diet reduces the risk factors of metabolic
syndrome in overweight and obese subjects: a randomized
controlled trial, Nutrients, Vol.7, No.11, pp. 9508-9522,
Nov 17, 2015. https://doi.org/10.3390/nu7115483

Godard MP, Johnson BA, Richmond SR, Body
composition and hormonal adaptations associated with
forskolin consumption in overweight and obese men,
Obesity Research, Vol.13, No.8, pp. 1335-1343, 2005.
https://doi.org/10.1038/0by.2005.162

RDs-Silva M, Trujillo X, Trujillo-Herné&dez B,
Sanchez-Pastor E, Urz(r Z, Mancilla E, Huerta M, Effect of
chronic administration of forskolin on glycemia and
oxidative stress in rats with and without experimental
diabetes, International journal of medical sciences, Vol.11,
No.5, pp. 448, 2014. https://doi.org/10.7150%2Fijms.8034

Naghibi M, Nasrabadi HT, Rad JS, Garjani A, Farashah MS,
Mohammadnejad D, Forskolin  Improves  Male
Reproductive Complications Caused by Hyperglycemia in
Type 2 Diabetic Rats, International Journal of Fertility &
Sterility, Vol.17, No.4, pp.268, 2023. https://doi.org/10.22
074%2F1JFS.2022.544368.1235

Agarwal KC, Parks Jr RE, Forskolin: a potential
antimetastatic agent, International journal of cancer, Vol.32,
No.6, pp. 801-804, Dec 15, 1983. https://doi.org/10.1002/ij
€.2910320622

McEwan DG, Brunton VG, Baillie GS, Leslie NR, Houslay
MD, Frame MC, Chemoresistant KM12C colon cancer
cells are addicted to low cyclic AMP levels in a
phosphodiesterase 4-regulated compartment via effects on
phosphoinositide 3-Kinase, Cancer Research, Vol.67,
No.11, pp. 5248-5257, Jun 1, 2007. https://doi.org/10.1158
/0008-5472.CAN-07-0097



