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The book highlights the role of herbal drugs in pharmacology 
and drug discovery. Herbal medicine is going to play a 
significant  role  in  the  future  healthcare  industry.

Herbal medicine is an interdisciplinary subject and 
amalgamates traditional herbal medicine with botany, 
ethnobotany, phytochemistry, pharmacognosy, pharmacology 
and  allopathic  medicine. 

The book starts with a chapter on reported pharmacological 
activities of withanolides, followed by a chapter targeting 
anticancer role of withaferin A. The chapter on CAM studies 
some common anticancer therapies. Succeeding chapters 
throw light on pharmacological investigations on berberine, 
protopine, piperine, liriodenine, andrographolide, hypericin, 
hyperforin and above all, anthrquinones. A chapter has been 
dedicated to alkaloids from Indian medicinal plants and data 
on pharmacological investigations. 

The chapter on antiarthritic and anti-acne drugs reviews 
drugs that are beneficial for treatment of arthritis and acne 
vulgaris. Pharmacological investigations on Indian nootropic, 
Convolvulus plauricaulis Linn. and anticancer plant, Viscum 
album  Linn.- have  also  been  covered. 
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Preface
The chief aim of writing a book titled Herbal Drugs as Therapeutic Agents 
is to highlight the contribution of herbal drugs to pharmacology and 
in drug discovery. My previous book on Herbalism, Phytochemistry and 
Ethnopharmacology was well received and this motivated me to write 
a book on therapeutic scope of herbal drugs. Several herbal drugs and 
isolated constituents have entered clinical trials in recent times and positive 
outcomes have been reported.

Herbal medicine is going to play a significant role in future healthcare 
industry. In the past, medicinal plants have provided us with life-saving 
drugs, particularly in oncology. To name a few—atropine, digoxin, morphine, 
paclitaxel, pilocarpine, reserpine, scopolamine, topotecan and vincristine. 
However, several of these compounds have outlived their usefulness in 
light of better alternatives.

Herbal medicine is interdisciplinary subject and the expert herbal 
scientist blends traditional herbal medicine with botany, ethnobotany, 
phytochemistry, pharmacognosy, pharmacology and allopathic medicine. 
A large part of the world’s population depends upon traditional herbal 
medicine for their daily health requirements, especially in developing 
countries. Even in industrialized countries the use of plant-based remedies 
is widespread and numerous pharmaceuticals are based on or derived from 
plant compounds.

The book starts with a chapter on reported pharmacological activities of 
withanolides, followed by a chapter targeting anticancer role of withaferin A. 
The chapter on CAM studies some common anticancer therapies. Succeeding 
chapters throw light on pharmacological investigations on berberine, 
protopine, piperine, liriodenine, andrographolide, hypericin, hyperforin and 
above all, anthrquinones. A chapter has been dedicated to alkaloids from 
Indian medicinal plants and data on pharmacological investigations.

The chapter on anti-arthritic and anti-acne drugs reviews drugs that 
are beneficial for treatment of arthritis and acne vulgaris. Pharmacological 
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investigations on Indian nootropic, Convolvulus plauricaulis Linn. and 
anticancer plant,Viscum album Linn.- have also been covered.

The author trusts that the present book will meet the long-felt need 
for a standard book on herbal therapeutics. The author shall be grateful 
to readers for pointing out any errors that may be there.

 Amritpal Singh



List of  the Abbreviations
µg : a microgram
µM : The micrometre
EC50 : half maximal effective concentration 
ED50 : In vitro or in vivo dose of drug that produces 50% of its maximum 

response or effect
Ex vivo : Taking place outside a living organism
G2-M : cell cycle phase
i.d. : Intradermal route of drug administration
i.g. : Intragastric route of drug administration
i.l. : Intralesional injection
i.m. : Intramascular route of drug administration
i.v. : Intravenous
IC50 : The half maximal inhibitory concentration 
In vitro : Taking place in a test-tube, culture dish or elsewhere outside a 

living organism
In vivo : Taking place in a living organism
IP : Intraperitoneal injection 
PO : Oral (by mouth) route of drug administration
SC : Subcutaneous route of drug administration
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Withanolides—Phytoconstituents 
with Significant Pharmacological 

Activities

1.1 INTRODUCTION 
About 50 new withanolides have been found in plants, mainly in the roots 
and leaves, during the year (Table 1.1). Lavie et al., in 1965 studied the 
basic structure of withanolides. Chemically, they are a group of naturally 
occurring oxygenated ergostane type steroids (Fig. 1.1), consisting of lactone 
in the side chain and 2-en-1-one system in ring A.1

 
Figure 1.1 Basic withanolide skeleton.

Many are saponins containing an additional acyl group; the rest have 
glucose at carbon 27.1 This class of steroid derivative is largely restricted in 
distribution to the genera Acnistus, Datura, Discopodium, Dunalia, Jaborosa, 
Lycium, Nicandra, Physalis, Solanum, and Withania, all belonging to the plant 
family Solanaceae.2
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1.2 PREVIOUS REPORTED WORK 
Earlier 1a, 3b, 20-trihydroxy witha-5, 24-dienolide and 7a, 27-hydroxy-1-oxo- 
witha-2, 5-24-trienolide and 7a, 27-dihydroxy-1-oxo- witha-2, 5-24-trienolide 
were reported from W. somnifera chemotype 3.3 Two minor constituents, 
7a, 27-hydroxy-1-oxo-witha-2,5,24-trienolide and 7a, 27-dihydroxy-1-oxo-
witha-2,5,24-trienolide have been found in the Indian chemotype of W. 
somnifera.4 Three withanolides G (Fig. 1.2), H and J, along with 20-hydroxy- 
1-oxo-witha-2,5,16,24-trienolide have been reported from W. somnifera 
chemotype III.5-7 Three withanolides I, J and K have been isolated from  
W. somnifera chemotype III.5 Withanolide U was reported from W. somnifera 
chemotype III.8

Figure 1.2 Structure of withanolide G.

Withaferin A (Fig. 1.3) was the first compound isolated as a major 
compound in W. somnifera chemotype I.1 27-deoxy-withaferin (Fig. 1.4) 
was also reported to contain withaferin A.9 Withaferin A is thought to 
be the primary pharmacological agent present in the roots and leaves of  
W. somnifera.10,11 

Figure 1.3 Structure of withaferin A.
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Figure 1.4 Structure of 27-deoxywithaferin A.

Withanolide D (Fig. 1.5) has been reported from W. somnifera chemo- 
type II.12 Several withanolides such as chlorohyrdin II, 27-O-glucosides 
(sitoinoside IX and X), and withasomidienone (Fig. 1.6) have been 
characterized from the roots of W. somnifera.13,14 In the Indian chemotype of  
W. somnifera, jaborosalactone A (Fig. 1.7) and withanolide Y have been 
isolated.3,15 Two withanolides, Q and R have been reported from the 
offspring of Indian chemotype 1 and 3 of W. somnifera.16 

Figure 1.5 Structure of withanolide D.

Figure 1.6 Structure of withasomidienone.
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Figure 1.7 Structure of jaborosalactone A.

Withanolide F, E and 4b-hydroxy-withanolide E were isolated from 
W. somnifera chemotype III.17,18 Furthermore, withanolide S and T have 
been reported from W. somnifera chemotype III.19 A variety of withanolides 
including sominolide, soinone, withasomnilide, withasomniferabolide, 
somniferanolide and somnwithanolide have been reported in the stem bark 
of W. somnifera.20-24

1.3 RECENT ADVANCES IN PHARMACOLOGICAL 
ACTIVITIES

Previous studies reported anti-inflammatory, anti-arthritic, antibiotic, 
antitumor, immunomodulator and central nervous system effects of 
withanolides (Table 1.1).25-37

Table 1.1 Pre-clinical pharmacological activities of withanolides

Withanolide Biological Activity Reference

Withaferinil Antitumor Palyi et al., 1969

Withaferin A Antitumor Palyi et al., 1969;  
Chakrabotri et al., 1974;
Ascher et al., 1981;  
Budhiraja et al., 1987

4b,20-dihydroxy-i-oxo-
5b,6b,-epoxy-witha-2, 

24-dienolide

Antitumor Chakrabotri et al., 1974;

Compound WS-1 Hypno-sedative Kundu et al., 1976
Withanolide -E Antifeedent Ascher et al., 1981

Withanolide-5,20a,(R) 
-dihydroxy-6a,7a- 

epoxy-1-oxo-5a 
-witha-2, 24-dienolide

Immunomodulator Bahr et al., 1982

Withanolide-D Antitumor Das et al., 1985
3-b-hydroxy-2, 

3-dihydro-withanolide
Antibacterial, 

antitumor, 
immunomodulator 

and anti-inflammatory

Budhiraja et al., 1987
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Sitoindside-IX, X Immunomodulator 
and C.N.S effects

Bhattacharya et al., 1987;  
Ghosal et al., 1989

Compound WS-2 Antibacterial Khan et al., 1993
Jaborosalactone R, S 

and T
- Bonetto et al., 1995

1.3.1 Antitumor
Withaferin A isolated from the roots of W. somnifera, reduced survival of V79 
cells in a dose-dependent manner. LD-50 for survival was 16 µM. One-hour 
treatment with a non-toxic dose of 2.1 µM before irradiation significantly 
enhanced cell killing, giving a sensitizer enhancement ratio of 1.5 for  
37 percent survival and 1.4 for 10 percent survival. Withaferin A induced 
a G2-M block, with a maximum accumulation of cells in G2-M phase at  
4 hr after treatment with 10.5 µM withaferin A in 1 hr.38

In another animal study, the alcoholic extract of dried roots of W. somnifera, 
as well withaferin A showed significant antitumor and radiosensitizing 
effects on experimental tumors in vivo, without any noticeable systemic 
toxicity. Withaferin A gave a sensitizer enhancement ratio of 1.5 for in vitro 
cell killing of V79 Chinese hamster cells at a non-toxic concentration of 
approximately; 2 µM.39

Withaferin A showed marked tumor-inhibitory activity when tested 
in vitro against cells derived from human carcinoma of nasopharynx. It 
also acted as a mitotic poison arresting the division of cultured human 
larynx carcinoma cells at metaphase and in HeLa cultures similar to star-
metaphase. Withaferin A produced significant retardation of the growth of 
Ehrlich ascites carcinoma, Sarcoma 180, Sarcoma Black and E 0771 mammary 
adenocarcinoma in mice in doses of 10, 12, 15 mg/kg body weight.40

In this study, it was found that six of the 18 compounds isolated from 
the methanol extract, enhanced neurite outgrowth in human neuroblastoma 
SH-SY5Y cells. In withanolide A-treated cells, the length of NF-H-positive 
processes was significantly increased compared with vehicle-treated 
cells, whereas, the length of MAP2-positive processes was increased by 
withanosides IV and VI. The results suggest that axons are predominantly 
extended by withanolide A, and dendrites by withanosides IV and VI.41

Five new withanolides derivatives, were then isolated from the roots of 
W. somnifera together with 14 known compounds. Withanoside VIII, with-
anoside IX, withanoside XI, withanolide A, withanoside IV, withanoside VI 
and coagulin showed significant neurite outgrowth at a concentration of  
1 µM on a human neuroblastoma SH-SY5Y cell line.42

Fifteen new withanolides and two known withanolides, withanolide D 
and 17a-hydroxywithanolide D, were isolated from the stems, roots and 
leaves of Tubocapsicum anomalum using bioassay-directed fractionation.  
The majority of withanolides 1, 4-6, 8-10, and 13 showed significant 
cytotoxic activity against Hep G2, Hep 3B, A-549, MDA-MB-231, MCF-7 
and MRC-5 cell lines.43
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Three new withanolide glycosides called daturametelins (Fig. 1.8) H-J, 
together with two known ones, daturataturin A and 7,27-dihydroxy-1-
oxowitha-2,5,24-trienolide, isolated from the MeOH extract of the aerial 
parts of Datura metel were tested for their antiproliferative activity towards 
the human colorectal carcinoma (HCT-116) cell line. 7,27-dihydroxy-1-
oxowitha-2,5,24-trienolide exhibited the highest activity of the tested 
withanolides, with an IC50 value of 3.2+/–0.2 µM.44

Figure 1.8 Structure of daturametelin.

Extracts of Withania adpressa, were tested for their cytotoxicity towards 
a panel of cancer cell lines (Hep2, HT29, RD, Vero and MDCK), using 
the (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide). The 
bioassay-guided fractionation of the plant extracts resulted in isolation of 
a novel withanolide 14a,15a,17b,20b-tetrahydroxy-1-oxo-(22R)-witha-2,5, 
24-trienolide and the already identified withanolides F and J. Extract, semi-
purified fractions and pure compounds exhibit potent cytotoxicity against 
human cancer cell lines tested, in a dose-dependent manner.45

Four new withanolides, physagulins L-O with seven known withanolides, 
were isolated from the MeOH extract of the aerial parts of Physalis angulata. 
All eleven compounds were tested for their antiproliferative activities 
towards human colorectal-carcinoma (HCT-116) and human non-small-cell 
lung-cancer (NCI-H460) cells. The fifth withanolide compound exhibited 
the highest anticancer activity against the HCT-116 cell line, with an IC50 
value of 1.64+/–0.06 µM. The nineth withanolide compound exhibited the 
highest cytotoxicity towards the NCI-H460  cell line, with an IC50 value 
of 0.43+/–0.02 µM.46

Withangulatin A and withangulatin I, from the whole plant of Physalis 
angulata, were tested for their cytotoxic activities against two human cancer 
cell lines, colorectal carcinoma COLO 205 and gastric carcinoma AGS,  
in vitro. Compounds 1 and 2 exhibited inhibitory activities against these two 
human cancer cells with IC50 values of 16.6 and 1.8 and 53.6 and 65.4 µM, 
respectively.47

In the present study, we demonstrate that a major component of 
i-Extract and withanone (Fig. 1.9) (i-Factor) protects the normal human 
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fibroblasts against toxicity caused by withaferin A. It increases the in vitro 
division potential of normal human cells that appear to be mediated by 
decreased accumulation of molecular damage, down regulation of the 
senescence-specific b-galactosidase activity and the senescence marker 
protein, p21WAF-1, protection against oxidative damage, and induction of 
proteasomal activity. From these findings it was concluded that i-Extract 
and withanone, both have anticancer and anti-aging activities. It further 
points to the molecular link between aging and cancer.48

Figure 1.9 Structure of withanone.

A new withanolide, 12b-acetoxy-4-deoxy-5,6-deoxy-D5–withanolide D 
and withanolide D, were isolated from the leaves of Acnistus arborescens. 
Cytotoxic activity of these two compounds against human tumor cell lines 
HT-29, MCF-7, MKN-45, HEp-2, HeLa, U-937 and two human normal 
fibroblast cultures, Fib04 and Fib05 were studied. Withanolide D presented 
in vitro cytotoxic activity against tumor cell lines at the low micromolar 
range (LC50:1.0 to 1.69 µM) and showed a slightly lower activity against 
Fib04, suggesting moderated selectivity among tumoral and normal cells. 
No cytotoxic effect was observed for 12b-acetoxy-4-deoxy-5,6-deoxy-D5- 
withanolide D.49

The chemokine receptor CCR7 is important for lymphatic invasion 
of cancer cells and is over expressed in metastatic breast cancer cells. A 
bioactive withanolide, tubocapsanolide suppressed NF-kB-mediated CCR7 
expression in breast cancer cells and attenuated their migration toward 
lymphatic endothelial cells.50

1.3.2  Anti-inflammatory  and Anti-oxidant 
Raw 264.7 cells stimulated with lipopolysaccharide (LPS) to mimic 
inflammation, withaferin A inhibited LPS-induced expression of both 
iNOS protein and mRNA in a dose-dependent manner. To investigate 
the mechanism by which withaferin A inhibits iNOS gene expression, 
the researchers examined activation of mitogen-activated protein kinases 
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(MAPKs) and Akt in Raw 264.7 cells. Withaferin A prevented IkB 
phosphorylation, blocking the subsequent nuclear translocation of nuclear 
factor-kB (NF-kB) and inhibiting its DNA binding activity. Moreover,  
LPS-induced NO production and NF-kB activation were inhibited by SH-6, 
a specific inhibitor of Akt. The results suggest that withaferin A inhibited 
inflammation through inhibition of NO production and iNOS expression, 
by blocking Akt and subsequently downregulating NF-kB activity.51

Four novel withanolide glycosides and a withanolide (physagulin   D 
(1Æ6)-b-D-glucopyranosyl-(1-4)-b-D-glucopyranoside, 27-O-b-D glucopy-
ranosyl physagulin D, 27-O-b-D-glucopyranosyl viscosalactone B, 
4,16-dihydroxy-5b, 6b-epoxyphysagulin D and 4-(1-hydroxy-2,2-di-
methylcyclo-propanone)-2,3-dihydrowithaferin A) were isolated from 
the leaves of W. somnifera. In addition, seven known withanolides 
(withaferin A, 2,3-dihydrowithaferin A, viscosalactone B, 27-desoxy-24, 
25-dihydrowithaferin A, sitoindoside IX, physagulin D and withanoside IV 
were isolated. These withanolides were assayed to determine their 
ability to inhibit cycloxygenase-1 and cyclooxygenase-2 enzymes and 
lipid peroxidation. The withanolides tested, except for 27-desoxy-
24,25-dihydrowithaferin A, showed selective cyclooxygenase-2 enzyme 
inhibition ranging from 9 to 40 percent at 100 µg/ml. 4,16-dihydroxy-5b, 
6b-epoxyphysagulin D, sitoindoside IX and physagulin D also inhibited 
lipid peroxidation by 40, 44 and 55 percent, respectively.52

Investigation of the methanol extract of W. somnifera roots for bioactive 
constituents yielded a novel withanolide sulfoxide compound along with 
a known withanolide dimer ashwagandhanolide. Compound 1 was highly 
selective in inhibiting cyclooxygenase-2 (COX-2) enzyme by 60 percent 
at 100 µM with no activity against COX-1 enzyme. The IC50 values of 
compound 1 against human gastric (AGS), breast (MCF-7), central nervous 
system (SF-268) and colon (HCT-116) cancer cell lines were in the range 
0.74–3.63 µM.53

1.3.3  Anti-cholinesterase
Three new withanolides, bracteosin A (=(22R)-5b,6b:22,26-diepoxy 4b, 
28-dihydroxy-3b-methoxyergost-24-ene-1,26-dione;),  bracteosin  B (=(22R)5b, 
6b: 22, 26-diepoxy-4b,28-dihydroxy-3b-methoxy-1,26-dioxoergost-24-
en-19 oic acid, and bracteosin C (=(22R)-22,26-epoxy- 4b,6b,27-trihydroxy- 
3b-methoxyergost-24-ene-1,26-dione), and dihy-droclerodin-1, clerodinin   A, 
lupulin A and dihydroajugapitin were isolated from the whole plants 
of Ajuga bracteosa. Bracteosin A-C, exhibited evident inhibitory potential 
against cholinesterase enzymes in a concentration-dependent manner.54

1.3.4 Neuroprotective
In one study, researchers screened the neurite outgrowth activity of herbal 
drugs, and identified several active constituents. In each compound, neurite 
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outgrowth activity was investigated under amyloid-beta-induced neuritic 
atrophy. Most of the compounds with neurite regenerative activity also 
demonstrated memory improvement activity in Alzheimer’s disease-
model mice. Withanolide derivatives (withanolide A, withanoside IV and 
withanoside VI) isolated from W. somnifera, also showed neurite extension 
in normal and damaged cortical neurons.55

In another animal study, it was investigated, whether withanolide    A, 
isolated from the root of W. somnifera, could regenerate neurites and 
reconstruct synapses in severely damaged neurons. Furthermore the effect 
of withanolide A on memory-deficient mice showing neuronal atrophy 
and synaptic loss in the brain was also investigated. Subsequent treatment 
with withanolide A, induced significant regeneration of both axons and 
dendrites, in addition to the reconstruction of pre- and post-synapses in 
the neurons. Withanolide A recovered A b (25-35)-induced memory deficit 
in mice. At which time, the decline of axons, dendrites and synapses in the 
cerebral cortex and hippocampus was almost recovered.56

1.3.5 Angiogenesis Inhibitor
In an endothelial cell-sprouting assay, it was demonstrated that withaferin 
A inhibits human umbilical vein endothelial cell (HUVEC) sprouting 
in three-dimensional collagen-I matrix at doses which are relevant to  
NF-kB-inhibitory activity. Withaferin A inhibits cell proliferation in HUVECs 
(IC50 = 12 µM) at doses that are significantly lower than those required 
for tumor cell lines through a process associated with inhibition of cyclin 
D1 expression. We propose that the inhibition of NF-kB by withaferin A in 
HUVECs occurs by interference with the ubiquitin-mediated proteasome 
pathway as suggested by the increased levels of poly-ubiquitinated proteins. 
Withaferin A was shown to exert potent anti-angiogenic activity in vivo 
at doses that are 500-fold lower than those previously reported to exert 
antitumor activity in vivo.57

1.3.6 Diuretic
Four Withania aristata extracts at 100 mg/kg were orally administered to 
laboratory animals to evaluate their diuretic activity. Two withanolides 
were isolated from the most active fraction. Both and a mixture of them 
at 5 and 10 mg/kg were also analyzed as diuretics. Water excretion rate 
and content of Na (+) and K (+) electrolytes were measured in the urine 
of saline-loaded animals. W. aristata water fraction, the two withanolides 
and the mixture of these compounds displayed high diuretic activity, with 
a significant excretion of sodium and potassium ions in laboratory animals. 
The activity was ascribed to withaferin A and witharistatin.58
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1.3.7  Hypoglycemic
A new withanolide, coagulanolide along with four known withanolides 1-3 
and 5 have been isolated from Withania coagulans fruits and their structures 
were elucidated by spectroscopic techniques. All the compounds showed 
significant inhibition on postprandial rise in hyperglycemia post-sucrose 
load in normoglycemic rats as well as streptozotocin-induced diabetic rats. 
Withanolide 5 showed a significant fall on fasting blood glucose profile and 
improved glucose tolerance of db/db mice. The db/db mouse is a model 
of obesity, diabetes, and dyslipidemia. Furthermore Withanolide 5 showed 
antidyslipidemic activity in db/db mice.59

1.3.8 Immunosuppression
Six new withanolides, withacoagulins A-F (1-6), together with 10 known 
withanolides, 7-16, were isolated from the aerial parts of Withania coagulans. 
These compounds, including the crude extracts of this herb, exhibited 
strong inhibitory activities on the T- and B-cell proliferation.60

1.3.9  Miscellaneous
Two new withanolides, (20R,22R)-5a,b,14a,20,27-pentahydroxy-1-oxowith-
24-enolide and (20S,22R)-5b,6b-epoxy-4b,14b,15a-trihydroxy-1-oxowith-2, 
24-dienolide, in addition to the known withanolides, withaphysanolide and 
viscosalactone B were isolated from the whole plant material of Physalis 
peruviana.61 

The phytochemical study of two species of Jaborosa caulescens (var. cau-
lescensand var. bipinnatifida) yielded four new withanolides 1-4. 62  The whole 
plant extract of Deprea subtriflora yielded, subtrifloralactones A–E and F–L, a 
new C-18 oxygenated withanolide, 13b-hydroxymethylsubtrifloralactone   E 
(Fig. 1.10), a new a-ionone derivative, (+)-7a,8a-epoxyblumenol B and 
philadelphicalactone A (Fig. 1.11).63,64

Figure 1.10 Structure of 13b-hydroxymethylsubtrifloralactone E.
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Figure 1.11 Structure of philadelphicalactone A.

Two new withanolides ajugin C (=(20R,22R)-4b,14a,20,27-tetrahydroxy-
1-oxoergosta-2,5,24-trieno-26,22-lactone and ajugin D (=(20R,22R)-8b,14a, 
17b,20,27-pentahydroxy-1-oxoergosta-5,24-dieno-26,22-lactone were isolated 
from the whole plant of Ajuga parviflora.65 

Two withanolides, 20b-hydroxy-1-oxo-(22R)-witha-2,5,24-trienolide and 
withacoagulin, along with a known withanolide, 17b-hydroxy-14a, 20a-epoxy-
1-oxo-(22R)-witha-3,5,24-trienolide were isolated from Withania coagulans.66 

Minor new withanolides, daturametelins C, D, E, F and G-Ac were 
isolated from the methanolic extract of the fresh aerial parts of Datura 
metel. Daturametelins E and F are the first withanolides having a 1-one-
3b-O-sulfate structure in ring A.67 

Cilistepoxide and cilistadiol, two new withanolides have been isolated 
from Solanum sisymblifolium.68 Aerial parts of Physalis coztomatl produced 
a new labdane diterpene, physacoztomatin and five new withanolides, 
physacoztolides A-E (5-9).69 

Bioactivity-guided search for novel, plant-derived cancer chemo-
preventive agents, yielded ixocarpalactone A (Fig. 1.12) and minor new 
withanolides, 2,3-dihydro-3b-methoxyixocarpalactone A, 2,3-dihydro-3b-
methoxyixocarpalactone B, 2,3-dihydroixocarpalactone B, and 4b,7b,20R-
trihydroxy-1-oxowitha-2,5-dien-22,26-olide from the leaves and stems of 
Physalis philadelphica.70

Figure 1.12 Structure of ixocarpalactone A.
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The methanolic extract of the aerial parts of Datura innoxia produced 
two new withanolides namely witharifeen (11,12b-dihydroxy (20R,22R)-
21,24-epoxy-1-oxowitha-2, 5, 25(27)-trien-22,26-olide) and daturalicin ((20R, 
22R)-5b,6b-14.é,15a-21,24-triepoxy-1-oxowitha-2,25(27)-dien-22,26-olide).71

 The chloroform extract of the fresh berries of Withania somnifera has been 
investigated to produce stigmasterol, its glucoside, withanone, 27-hydroxy 
withanolide A along with two new withanolides, namely, iso-withanone 
and 6a,7a epoxy-1b 3b,5b trihydroxy-witha-24-enolide.72

A new dimeric withanolide, ashwagandhanolide, was isolated from the 
roots of W. somnifera. It displayed growth against human gastric (AGS), 
breast (MCF-7), central nervous system (SF-268), colon (HCT-116) and lung 
(Ncl h460) cancer cell lines, with IC50 values in the range 0.43–1.48 µg.[73] 

n-butanol fraction of the methanolic extract of leaves of W. somnifera leaves 
produced a novel chlorinated withanolide, withanolide Z, along with 
known withanolides, withanolide B, withanolide A, 27-hydroxywithanolide 
B and withaferin A.74 

Recently four glycowithanolides viz. withanoside IV, withanoside VI, 
physagulin D and withastraronolide, were characterized from multiple 
shoot cultures of selected accessions AGB002 and AGB025 of W. somnifera.75
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An Insight into Anticancer 
Mechanism of  Withaferin A

2.1 INTRODUCTION 
Withania somnifera Dunal, (Solanaceae) usually known as ashwagandha, has 
been used for centuries in Ayurvedic medicine to increase longevity and 
vitality. Western research supports its polypharmaceutical use, confirming 
its antioxidant, anti-inflammatory, immunomodulating, and anti-stress 
properties in the whole plant extract and several separate constituents.1 

Withanolides are a group of naturally occurring oxygenated ergostane 
type steroids containing lactone in the side chain and 2-en-1-one system in 
ring A. Withaferin A (see Chapter 1, Fig. 1.3) is a cell-permeable steroidal 
lactone from a medicinal plant W. somnifera, a plant known in traditional 
Indian medicine.

Withaferin A is an important withanolide holding promise in cancer 
treatment and as a relatively safe radiosensitive/chemotherapeutic agent. 
It is present in traces in all parts of W. somnifera except the leaves, where 
it is reported to be present in only two non-Indian chemo types; AGB002 
and AGB025.2 The productivity of withaferin A in the three week’s old 
cultured roots was reported to be 11.65 μg–1.3

2.2 STUDIES ON ANTICANCER ACTIVITY
Withania somnifera—Several reviews highlighting the use of W. somnifera 
and its active constituents as antitumor agents and in conjunction with 
radiation and chemotherapy treatment have been published. Reversal of 
paclitaxel induced neutropenia by W. somnifera has been reported in mice.4 
Chemotherapeutic efficacy of paclitaxel was enhanced by W. somnifera on 
benzo (a) pyrene-induced experimental lung cancer.5,6

Chapter 2
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An investigatory study reported protective effect of W. somnifera extract 
in Dalton’s ascitic lymphoma.7 The roots of W. somnifera have cell cycle 
disruption and anti-angiogenic activity, which is supposed to be a 
critical mediator for its anticancer action.8 A tumor-inhibitory factor with 
selective killing of cancer cells by the leaf extract of W. somnifera has been 
characterized.9

2.3 EXPERIENTIAL STUDIES ON ANTICANCER 
ACTIVITY OF WITHAFERIN A

2.3.1 Effect of Withaferin A on 180 Tumor Cells
Mouse sarcoma 180 (S-180) solid and ascites tumor cells were treated  
in vivo and in vitro with withaferin A. It was found to affect the spindle 
microtubules of cells in metaphase. An interesting finding was the double 
membranes surrounding the chromosomes in the treated cells; probably 
the nuclei were reconstructed directly from the metaphase stage in the  
in vivo withaferin A-treated cells. In addition the membranes of the cells in 
interphase were affected by in vivo or in vitro treatment with withaferin A.10

2.3.2 Cytotoxic Effects of Withaferin A on P388 Cells
P388 cells, 4-dehydrowithaferin A and withaferin A diacetate exhibited an 
equal inhibitory effect on thymidine, uridine and L-valine incorporation. 
They stopped cell proliferation and, at the same time, killed the cells. 
Withaferin A promptly reacted with L-cysteine, and it was presumed that 
possible target sites in the cell might be the SH groups of enzymes which 
react with the lactone and epoxide groups of the agent.11

2.3.3 Ehrlich Ascites Carcinoma and Withaferin A
Twenty-four hours after IP inoculation of 10(6) tumor cells, withaferin A 
was injected IP at different dose fractions (5 or 7.5 mg/kg × 8, 10 mg/kg   ×  
5, 20 or 30 mg/kg × 2) with or without abdominal gamma irradiation  
(RT, 75. Gy) after the first drug dose. Increase in life span and tumor free 
survival was studied up to 120 days. Withaferin A inhibited tumor growth 
and increased survival, which was dependent on the withaferin A dose per 
fraction rather than the total dose. A combination of RT with all the drug 
schedules increased tumor cure and tumor-free survival, the best effect 
were seen after 2 fractions of 30 mg/kg each.12

2.3.4 Radiosensitizer Effect in V79 Cells
In a study, withaferin A reduced survival of V79 cells in a dose-dependent 
manner. LD50 for survival was 16 μM. One-hour treatment with a  
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non-toxic dose of 2.1 μM before irradiation significantly enhanced cell 
killing, giving a sensitizer enhancement ratio of 1.5 for 37 percent survival 
and 1.4 for 10 percent survival. The drug induced a G2-M block, with a 
maximum accumulation of cells in G2-M phase at 4 hr after treatment with 
10.5 μM withaferin A in 1 hr.13 

2.3.5 Role of Withaferin A in Fibrosarcoma and 
Melanoma 

2.3.5.1 Fibrosarcoma and melanoma

Two mouse tumors, B16F1 melanoma and fibrosarcoma were exposed 
locally to 30 or 50 Gy gamma radiation as an acute dose, or 5 fractions of  
10 Gy. Withaferin A, 40 mg/kg, was injected intraperitoneally, 1 hr before acute 
irradiation, or 30 mg/kg before every 10 Gy fraction. Trimodality treatment 
synergistically increased complete response to 37 percent in melanoma and 
to 64 percent in fibrosarcoma. Fractionated radiotherapy (10 Gy × 5) was 
more effective (25 percent complete response) than acute dose of 50 Gy  
(0 percent complete response) on melanoma, while there was no difference 
between the response of fibrosarcoma in the two regimens.14

2.3.5.2 Melanoma

In the present investigation, the effect of withaferin A on the development 
and decay of thermo tolerance in B16F1 melanoma was studied in C57BL 
mice. Tumors of 10010 mm3 size were subjected to repeated hyperthermia 
at 43°C for 30 min. Withaferin A was injected after the first hyperthermia 
treatment. Tumor growth delay heightened with increase in the time 
gap between two hyperthermia treatments and was significantly higher  
(P < 0.05 to P < 0.001) in withaferin A treated groups.15 

2.3.6 Inhibition of Angiogenesis
It was proposed that the inhibitory action of withaferin A occurs by 
interference with the ubiquitin-mediated proteasome pathway as suggested 
by the increased levels of poly-ubiquitinated proteins. Finally, withaferin A 
was shown to exert potent anti-angiogenic activity in vivo. 16

2.3.7 Mediation of Action through by Annexin II
The study reported that withaferin A alters cytoskeletal architecture by 
covalently binding annexin II and stimulating its basal F-actin cross-linking 
activity. Drug-mediated disruption of F-actin organization is dependent on 
annexin II expression by cells and markedly limits their migratory and 
invasive capabilities at subcytotoxic concentrations.17 
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2.3.8 Withaferin A as Proteasome Inhibitor
Withaferin A potently inhibits the chymotrypsin-like activity of a purified 
rabbit 20S proteasome (IC50 = 4.5 μM) and 26S proteasome in human prostate 
cancer cultures (at 5-10 μM) and xenografts (4-8 mg/kg/day). Treatment of 
human prostate PC-3 xenografts with WA for 24 days resulted in 70 percent 
inhibition of tumor growth in nude mice, associated with 56 percent inhibition 
of the tumor tissue proteasomal chymotrypsin like activity.18

2.3.9 Withaferin A as Apoptosis Inducer
Withaferin A induced Par-4-dependent apoptosis in androgen-refractory 
prostate cancer cells and regression of PC-3 xenografts in nude mice. 
Interestingly, restoration of wild-type AR in PC-3 (AR negative) cells 
abrogated both Par-4 induction and apoptosis by withaferin A. The 
withanolide and anti-androgen synergistically induced Par-4 and apoptosis 
in androgen-responsive prostate cancer cells.19

2.3.10 Inhibition of Protein Kinase C
In Leishmania donovani, the inhibition of protein kinase C by withaferin A 
causes depolarization of DeltaPsim and generates ROS inside cells. Loss 
of DeltaPsim leads to the release of cytochrome c into the cytosol and 
subsequently activates caspase-like proteases and oligonucleosomal DNA 
cleavage.20

2.3.11 Targeting of Protein Vimentin by Withaferin
According to one study, withaferin A binds to the intermediate filament 
protein, vimentin, by covalently modifying its cysteine residue. Withaferin 
A induces vimentin filaments to aggregate in vitro, an activity manifested 
in vivo as punctate cytoplasmic aggregates that colocalize vimentin and 
F-actin. Withaferin-A exerts potent dominant-negative effect on F-actin that 
requires vimentin expression and induces apoptosis.21

2.3.12 Withaferin A and Leukemia
2.3.12.1 Human myeloid leukemia and withaferin A

Withaferin A primarily induces oxidative stress in human leukemia HL-60 
cells and in several other cancer cell lines. The withanolide induces early 
ROS generation and mitochondrial membrane potential (Deltapsi(mt)) 
loss, which precedes release of cytochrome c, translocation of Bax to 
mitochondria and apoptosis inducing factor to cell nuclei. These events 
paralleled activation of caspases-9, -3 and PARP cleavage.22
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2.3.12.2 Leukemia

Withaferin A induces apoptosis in association with the activation of 
caspase-3. JNK and Akt signal pathways play crucial roles in withaferin 
A-induced apoptosis in U937 cells. Over expression of Bcl-2 and active Akt 
(myr-Akt) in U937 cells inhibited the induction of apoptosis, activation of 
caspase-3, and PLC-gamma 1 cleavage by withaferin A.23

2.3.13 NFkappaB and Withaferin A
Leaf extract of W. somnifera as well as withaferin A, potently inhibits NFkB 
activation by preventing the tumor necrosis factor-induced activation of IkB 
kinase beta via a thioalkylation-sensitive redox mechanism. This prevents 
IkB phosphorylation and degradation, which subsequently blocks NFkB 
translocation, NFkB/DNA binding, and gene transcription.24

2.3.14 Oral Carcinogenesis and Withaferin A
Oral administration of withaferin A (20 mg/kg body weight) to 7,12-dimethy-
lbenz[a]anthracene administered to animals for 14 weeks completely 
prevented tumor incidence, volume and burden. Also, Withaferin A 
showed significant anti-lipid peroxidative and anti-oxidant properties and 
maintained the status of phase-I and phase-II detoxication agents during 
MBA induced oral carcinogenesis.25 

2.3.15 Effect in Breast Cancer Cells
Treatment of MDA-MB-231 (estrogen-independent) and MCF-7 (estrogen-
responsive) cell lines with withaferin A resulted in a concentration and 
time-dependent increase in G2-M fraction, which correlated with a decrease 
in levels of cyclin-dependent kinase 1 (Cdk1), cell division cycle 25C 
(Cdc25C) and/or Cdc25B proteins, leading to accumulation of Tyrosine  
15 phosphorylated (inactive) Cdk1.26 

2.3.16 Withanolides and Gliomas
Withaferin A, withanone, withanolide A and the leaf extract of W. somnifera 
markedly inhibited the proliferation of glioma cells in a dose dependent 
manner and changed their morphology toward the astrocytic type. 
Molecular analysis revealed that the leaf extract of W. somnifera and some 
of its components caused enhanced expression of glial fibrillary acidic 
protein, change in the immunostaining pattern of mortalin from perinuclear 
to pancytoplasmic, delay in cell migration and increased expression of 
neuronal cell adhesion molecules.27
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2.3.17 Inhibition of Notch-1 by Withaferin A
Withaferin A inhibited Notch-1 signaling and downregulates prosurvival 
pathways, such as Akt/NF-kB/Bcl-2, in three colon cancer cell lines  
(HCT-116, SW-480, and SW-620). In addition, it downregulates the 
expression of mammalian target of rapamycin signaling components, pS6K 
and p4EBP1, and activates c-Jun-NH (2)-kinase-mediated apoptosis in colon 
cancer cells.28

2.3.18 Pancreatic Cancer
Withaferin A exhibited potent antiproliferative activity against pancreatic 
cancer cells in vitro (with IC50 s of 1.24, 2.93 and 2.78 μM) in pancreatic 
cancer cell lines Panc-1, MiaPaCa2 and BxPc3, respectively. Withaferin A  
—biotin binds to C-terminus of Hsp90 which is competitively blocked 
by unlabeled withaferin A. Withaferin A—(3, 6 mg/kg), inhibited tumor 
growth in pancreatic Panc-1 xenografts by 30 and 58 percent, respectively.29

2.3.19 Neck Squamous Carcinoma
A study showed that withaferin A extracted from the aerial parts of Vassobia 
breviflora (Sendtn.) Hunz. (Solanaceae) induces apoptosis and cell death 
in neck squamous cell carcinoma cells as well as a cell-cycle shift from  
G0/G1 to G2-M. Cells treated with withaferin A exhibited inactivation of 
Akt and a reduction in total Akt concentration.30 
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Complementary and Alternative 
Medicine Approaches in the 

Treatment of  Cancer

3.1 INTRODUCTION 
Alternative medicine is often used instead of standard medical treatment; 
sometimes with serious consequences for the patient.1 Complementary 
medicine is used alongwith with mainstream medical care. Some comple-
mentary methods can also cause harm, but if chosen carefully and used 
properly, they might improve the quality of life of the patient.2 

According to a comprehensive survey of Americans using CAM,  
36 percent of US adults were found to be using some form of CAM.3 The 
survey found that rates of CAM use are especially high among patients with 
serious illnesses such as cancer. When megavitamin therapy, and prayer for 
health reasons are included in the definition of CAM this percentage rises 
to 62 percent. Sixty nine percent of 453 cancer patients have used at least 
one CAM therapy as part of their cancer treatment. Eighty eight percent 
of 102 people with cancer have used one of the CAM therapies. Of these 
93 percent used supplements, 53 percent used non supplement forms of 
CAM and 47 percent have used both.4 

3.2 COMPLEMENTARY AND ALTERNATIVE 
METHODS FOR CANCER MANAGEMENT5

People with cancer sometimes consider CAM for a number of reasons:
1. To relieve the side-effects of main stream cancer treatment. 
2. To find a less unpleasant approach that has few or no side effects. 
3. To take an active role in improving their own health and wellbeing. 

Chapter 3
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Some complementary therapies may help to relieve certain symptoms 
of cancer, relieve side-effects of cancer therapy, or improve a patient’s 
sense of well being. The American Cancer Society urges patients who 
are considering the use of any alternative or complementary therapy to 
discuss this with their health care team. Some alternative therapies have 
dangerous or even life-threatening side-effects. With others, the main 
danger being that the patient may be unable to benefit from standard 
therapy.5 

Complementary approaches that are used with cancer treatment include 
aromatherapy, biofeedback, botanical or herbal medicines, cartilage therapy, 
labyrinth walking, music therapy, Garson therapy, Essiac herbal formula 
and nutritional supplements. Among several CAM anticancer approaches, 
botanical or herbal medicines are widely used. There is some evidence of 
botanical or herbal medicines and their role in cancer treatment. The role 
of the majority of CAM approaches, in cancer treatment is not scientifically 
validated.6

3.3 ESSIAC HERBAL FORMULA7,8

The formula came from the Ojibwe people of North America, one of whom 
gave it to a white woman around the end of the last century. She in turn gave 
it to a highly qualified and experienced nurse in an Ontario hospital in 1992.
The formula has been reported to be an effective immunomodulator. Essiac 
does three things—It cleanses the blood, cleans the liver and oxygenates the 
cells. As a result, a sick person feels more energetic and euphoric Ingredients 
of Essiac herbal formula (Table 3.1 and Fig. 3.1) are as follows:

•	 Burdock, root (Arctium lappa)
•	 Sheep sorrel, leaf (Rumex acetosella)
•	 Slippery Elm, powder (Ulmus fulva)
•	 Turkey Rhubarb, root powder (Rheum officinale)

Table 3.1 Phytochemical profile of Essiac herbal formula

S. no Medicinal Plant Part used Phytochemistry
1. Arctium lappa L. 

(Asteraceae)
Roots Bitter glycoside: lappatin, sesquiterpene 

lactone: arctopicrin, fukinone, lignans: 
arctin, arctigenin, mateiresionol, arctiol, 
lappol, sterol: taraxasterol

2. Rheum officinale L. 
(Polygonaceae)

Roots Antharquinone derivatives: chrysophanic 
acid, emodin, rhein, calcium oxalate,  
oxalic acid and resinous substance

3. Rumex acetosella L. 
(Chenopodiaceae)

Roots Antharquinone derivatives: lapathin and 
lapathin, calcium oxalate, oxalic acid, and 
resinous substance

4. Ulmus fulva L. 
(Ulmaceae)

Tannins
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Figure 3.1 Major phytochemicals of Essiac herbal formula.

3.4 CARTILAGE
A cartilage is a type of tough, flexible connective tissue that forms parts 
of the skeleton in many animals. The cartilage contains cells called 
chondrocytes, which are surrounded by collagen and proteoglycans, which 
are made of protein and carbohydrates. Three theories have been proposed 
to explain how the cartilage acts against cancer

•	  As the cartilage is broken down by the body, it releases products* 
that kill cancer cells.

•	 The cartilage increases the action of the body’s immune system to 
kill cancer cells.

•	 The cartilage makes substances that block tumor angiogenesis (the 
growth of new blood vessels that feed a tumor and help it grow. 

Based on laboratory and animals tests, the third theory is the most 
likely. The cartilage does not contain blood vessels, so cancer cannot easily 
grow in it. It is suggested that a cancer treatment using the cartilage may 
keep blood vessels from forming in a tumor, causing the tumor to stop 
growing or shrinking. 

In animal studies, cartilage products have been given by mouth; 
injected into a vein or the abdomen; applied to the skin; or placed in 
slow-release plastic pellets that were surgically implanted. In studies with 
humans; cartilage products have been given by mouth; applied to the skin; 

*Proteins or glycoproteins or glycosaminoglycans
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injected under the skin; or given by enema. The dose and length of time 
of the cartilage treatment was different for each study, in part because of 
different types of products that were used. 

3.5 GERSON THERAPY9

Gerson therapy has been used by some people to treat cancer and other 
diseases. It is based on the role of minerals, enzymes and other dietary 
factors. There are three key parts to the therapy:

•	 Diet: Organic fruits, vegetables and whole grains to give the body 
plenty of vitamins, minerals, enzymes and other nutrients. Fruits and 
vegetables are low in sodium and high in potassium. 

•	 Supplementation: The addition of certain substances in the diet to 
help correct cell metabolism (the chemical changes that take place 
in a cell to make energy and basic materials needed for the body’s 
life processes).

•	 Detoxification: Treatments, including enemas, to remove toxic sub-
stances from the body. 

The Gerson therapy is based on the idea that cancer develops when 
there are changes in cell metabolism because of the buildup of toxic 
substances in the body. According to Gerson, the disease process makes 
more toxins and the liver becomes overloaded . According to Dr. Gerson, 
people with cancer also have too much sodium and too little potassium in 
the cells of their bodies, which causes tissue damage and weakened organs. 

The goal of Gerson’s therapy is to restore the body to health by repairing 
the liver and returning the metabolism to its normal state. It can be done by 
removing toxins from the body and building up the immune system with 
diet and supplements. The enemas are said to widen the bile ducts of the 
hepatobiliary apparatus so that toxins can be released. The liver is further 
overworked as the treatment regimen breaks down the cancer cells and helps 
the body to get rid of toxins. Pancreatic enzymes are given to decrease the 
demands on the weakened liver and pancreas to make enzymes for digestion. 

3.6 SPECIFIC BOTANICALS
3.6.1 Mistletoe Extracts
Research study is being conducted to find out whether an extract of the 
European mistletoe plant (Viscum album L.), along with a chemotherapy 
drug called gemcitabine, can help treat people with certain cancers.10 

3.6.2 Dietary Phytochemicals 
Recently, numerous reviews of plant derived chemopreventive compounds 
have been identified for their role in the treatment of cancer. These 
chemopreventive compounds, usually known as phytopharmaceuticals, 
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are dietary ingredients, which are derived from food and considered 
pharmacologically safe.11 Some of the common chemopreventive dietary 
compounds derived from dietary ingredients are shown in Fig. 3.2. 

Figure 3.2 Common chemopreventive dietary compounds.

Chemopreventive plant compounds affect all phases of the cancer process, 
i.e., tumor initiation, promotion and progression. Botanical medicines are 
complex natural mixtures of pharmacological multitaskers, simultaneously 
exerting influence on different levels and via different mechanisms. By 
contrast, pharmaceutical drugs are classically single synthetic compounds, 
ideally interfering or disrupting a specific mechanism.12

3.6.2.1 b-sitosterol 

b-sitosterol is a phytosterol. Epidemiological and experimental studies have 
suggested a protective role of b-sitosterol (Fig. 3.3) in the development of 
some types of cancer such as breast, colon and prostate. In vivo studies 
have shown that b-sitosterol inhibits proliferation and induces apoptosis 
in colon and breast cancers. The studies clearly show that b-sitosterol kills 
breast cancer cells and is not toxic to the normal cell. Clinical studies linking 
b-sitosterol and breast cancer are still lacking but some scientists suggest 
that it may improve the efficiency of tamoxifen, a drug used to treat breast 
cancer.13

Figure 3.3 Structure of b-sitosterol.
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3.6.2.2 Curcumin

Dietary administration of curcumin (Fig. 3.4) to mice at a level of 2 percent 
reduced the incidence of experimentally-induced colonic hyperplasia, 
indicating that the antioxidant effects are active in vivo. Curcumin inhibits 
cancer at initiation, promotion and progression stages of development.

Research has demonstrated that curcumin blocks the activity of a 
hormone having a link with the development of colorectal cancer. Other 
studies have demonstrated that curcumin inhibits melanoma cell growth 
and destroys cancer cells. In addition, animal research reported that 
curcumin prevented the spread of breast cancer cells to lungs.5,16

Figure 3.4 Structure of curcumin.

3.6.2.3 (–)-Epigallocatechin gallate
(–)-Epigallocatechin gallate (Fig. 3.5) has an astringent effect and may inhibit 
cell membrane phosphorylation. However, researchers do not know whether 
the polyphenols inhibit the initiation or the promotion of tumors. Tea also 
contains caffeine at a significant level (about 5 percent) and this has been 
shown to have a small tumor inhibiting effect. While this is not confirmed, 
but the study recommends a relaxing cup of tea anyway.14

In this study the effects of green tea and its major components, 
(–)-epigallocatechin gallate and caffeine (Fig. 3.6), on the tobacco-specific 
nitrosamine 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK)-induced 
lung tumorigenesis in A/J mice was examined. Inhibition by green tea and 
(–)-Epigallocatechin gallate in (NNK)-induced lung tumorigenesis is due at 
least partly to their antioxidant properties.15 
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Figure 3.5 Structure of (–)-Epigallocatechin      Figure 3.6 Structure of caffeine.
 gallate. 
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3.6.2.4 Resveratrol

It is a type of polyphenol known as phytoalexin, a class of compounds 
produced as part of a plant’s defense system against disease. Resveratrol 
(Fig. 3.7) has been shown to reduce tumor incidence in animals by affecting 
one or more stages of cancer development. It has been shown to inhibit 
growth of many types of cancer cells in culture. There is evidence that it can 
reduce inflammation. It also reduces activation of NFkB, a protein produced 
by the body’s immune system when it is under attack. This protein affects 
cancer cell growth and metastasis.5,16

  OH
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Figure 3.7 Structure of resveratrol.

3.6.2.5 Phytic acid

Phytic acid has a (Fig. 3.8) chelating effect that may serve to prevent, inhibit 
or even cure some cancers by depriving these cells of minerals, especially 
iron which is needed for reproduction. The deprivation of essential minerals 
like iron could, like other broad treatments for cancer, also have negative 
effects on ono-cancerous cells.5,16

Figure 3.8 Structure of phytic acid.

3.6.2.6 Punicalagin

A recent animal study reported that ellagitannins present in fruit of 
pomegranates have a possible protective role in prostate cancer. The 
researchers found that ellagitannins accumulate in the prostate and may 
be the mode of cancer prevention action. Punicalagin was suggested as 
possible anticancer agent.16 
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3.6.2.7 S-allyl cysteine

The key ingredient in garlic is S-allyl cysteine, which has been proven to 
protect against oxidation, free radicals, pollution, cancer and cardiovascular 
diseases. It was found that S-allyl cysteine derived from Aged Garlic Extract 
inhibited the proliferation of nine human melanoma cell lines and one 
murine melanoma cell line in a dose dependent manner. S-allyl cysteine 
inhibited cellular growth and proliferation and modulated major cell 
differentiation marker of melanoma.17

3.6.2.8 Phytochemicals of Persea americana Mill. (Avocado)

Recent studies reported that phytochemicals found in the fruit can prevent  
the onset of cancer and kill some cancer cells. Phytochemicals extracted 
from the fruit strike the multiple signaling pathways and prevent cancer 
by inducing diseases cell death. The phytochemicals has no effect on 
healthy cells. The fruit contains proteins (25 percent) vitamin C, vitamin E, 
unsaturated fatty acids and sesquiterpenes. The fruit has no sodium.18

3.7 CONCLUSION 
Complementary and alternative therapies help to relieve certain symptoms 
of cancer, reduce the side-effects of cancer therapy, or improve a patient’s 
sense of well being. Side-effects and the ecomoncis of conebtional anticancer 
drugs have inspired scientists to study plant or natural products or CAM 
therapies used in cancer, for potential and cost-effective cures. The results 
obtained from studies with dietary phytochemcials are noteworthy and 
need further attention.
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Review of  Anticancer and 
Cytotoxic Potential of  

Sesquiterpenoids

4.1 IXERIN Z AND 11,13A-DIHYDROIXERIN Z 
The antitumor effects of sesquiterpene lactone glycosides ixerin Z and 
11,13A-dihydroixerin Z (Fig. 4.1), two known sesquiterpene lactone glycosides 
isolated from Crepidiastrum sonchifolium (Bunge) J.H. Pak & Kawano 
(Asteraceae), and sesquiterpene lactone aglycones 3-hydroxy-1(10),3,11(13)-
guaiatriene-12,6-olide-2-one and 3-hydroxy-1(10),3-guaiadiene-12,6-olide-2-
one were measured in vitro and in vivo. 

Sesquiterpene lactone aglycones inhibited various cultured cell growth 
in a dose-dependent manner as indicated by MTT assay. The possible 
mechanism of cytotoxicity was investigated on aglycones with the 
observation that they could affect DNA replication by inhibiting the ssDNA 
binding activity of replication protein A with the use of simian virus (SV40) 
DNA in vitro replication system. Furthermore, it was also revealed in cell 
cycle analysis that aglycones could arrest A549 cells in G2-M phase.1

Figure 4.1 Sesquiterpene lactone glycosides of Crepidiastrum sonchifolium. 

Chapter 4
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4.2 TORILIN, 1b-HYDROXYTORILIN, AND  
1a-HYDROXYTORILIN 

Guaiane-type sesquiterpenoids, torilin, 1-b-hydroxytorilin, and 1-a-hydro-
xytorilin (Fig. 4.2) isolated from the methylene chloride-soluble fraction 
of the methanolic extract of the fruits of Torilis japonica (Houtt.) D.C. 
(Umbelliferae) exhibited cytotoxicity against human A549, SK-OV-3, SK-
MEL-2, and HCT15 tumor cells.2

Figure 4.2 Guaiane-type sesquiterpenoids of Torilis japonica.

4.3 SCABERTOPIN, DEOXYELEPHANTOPIN AND 
ISODEOXYELEPHANTOPIN

Sesquiterpene lactones, scabertopin, deoxyelephantopin and isodeoxyele-
phantopin (Fig. 4.3) isolated from Elephantopus scaber Linn. (Asteraceae) 
exhibited significant antitumor effect in vitro in a concentration-dependent 
manner. Deoxyelephantopin also possessed antitumor activity in vivo.3

Figure 4.3 Structure of Deoxyelephantopin.

4.4 INULACAPPOLIDE 
In vitro, inulacappolide (Fig. 4.4), a new germacranolide isolated 
from the EtOH extract of the whole plant of Inula cappa (Buch.-Ham.  
ex D. Don) DC. (Asteraceae) showed antiproliferative effects against human 
cervical cancer HeLa, human leukemia K562 and human nasopharyngeal 
carcinoma KB cell lines with IC50 values of 1.2 µM, 3.8 µM and 5.3 µM, 
respectively.4
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Figure 4.4 Chemical structure of inulacappolide.

4.5 GERMACRANOLIDE SESQUITERPENE 
LACTONES ISOLATED FROM 
CARPESIUM TRISTE VAR. MANSHURICUM

Four known germacranolide sesquiterpene lactones (Fig. 4.5) isolated 
from Carpesium triste var. manshuricum (Asteraceae) showed significant 
cytotoxicities (ED50 value: 4.3-16.8 µM) against five human tumor cell lines; 
A549, SK-OV-3, SK-MEL-2, XF498 and HCT15.5

1: 2a,5-Epoxy-5,10-dihydroxy-6a-angeloyloxy-9b-isobutyloxy-germacran-8a,12-olide
2: 2a,5-Epoxy-5,10-dihydroxy-6a,9b-diangeloyloxy-germacran-8a,12-olide
3: 2a,5-Epoxy-5,10-dihydroxy-6a-angeloyloxy-9b-(2-methylbutyloxy)-germacran-8a,12-olide
4: 2a,5-Epoxy-5,10-dihydroxy-6a-angeloyloxy-9b-(3-methylbutyloxy)-germacran-8a,12-olide

Figure 4.5 Germacranolide sesquiterpene lactones isolated from 
Carpesium triste var. manshuricum (Asteraceae).

4.6 COSTUNOLIDE, b-CYCLOCOSTUNOLIDE, 
DIHYDRO COSTUNOLIDE AND  
DEHYDRO COSTUSLACTONE 

Dried roots of Saussurea lappa are used in traditional medicine for 
the treatment of cancer. A new sesquiterpene isolated from S. lappa 
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exhibited potent cytotoxic activity. The known compounds costunolide, 
b-cyclocostunolide, dihydro costunolide and dehydro costuslactone  
(Fig. 4.6) exhibited moderate cytotoxic activity.6

Figure 4.6 Sesquiterpenes of Saussurea lappa.

4.7 MILLERENOLIDE AND THIELEANIN 
Millerenolide and thieleanin (Fig. 4.7) isolated from Viguiera sylvatica and 
Decachaeta thieleana, respectively showed a similar pattern of cytotoxicity 
with the greatest effect on viability being evident with A549 human lung 
cancer cells IC50—40 and 32 µM respectively), and with the 3T3/HER2 cell 
line which are 3T3 mouse fibroblasts transfected with the HER2 oncogene 
IC50—16 and 28 µM respectively). 

Treatment with millerenolide (8 mg/kg, IP on days 0, 2 and 4 post-
inoculation) significantly inhibited the growth of subcutaneous B16/BL6 
tumors in C57BL/6 mice, (50 percent inhibition at day 25, P = 0.015), as 
well as retarding the appearance of detectable tumor (millerenolide - day 
15.2+/–0.4 vs control - day 12.8+/–0.5, mean+/–SEM, P = 0.011).7
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Figure 4.7 Cytotoxic sesquiterpenes of Viguiera sylvatica and Decachaeta thieleana.
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4.8 DIHYDRO-b-AGAROFURAN SESQUITERPENES 
OF CELASTRUS VULCANICOLA 

P-Glycoprotein overexpression is a contributing factor to multi-drug 
resistance in cancer cells and is one drawback in the treatment of cancer. 
Dihydro-b-agarofuran sesquiterpenes (Fig. 4.8) isolated from the leaves 
of Celastrus vulcanicola Donn. Sm. (Celastraceae) was assayed on human 
MDR1-transfected NIH-3T3 cells, in order to determine their ability to 
reverse the MDR phenotype due to P-Glycoprotein overexpression. Six of 
the isolated compounds showed an effectiveness that was similar to (or 
higher than) the classical P-Glycoprotein reversal agent verapamil for the 
reversal of resistance to daunomycin and vinblastine.8
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Figure 4.8 Dihydro-b-agarofuran sesquiterpenes of Celastrus vulcanicola  
Donn. Sm. (Celastraceae).

4.9 SANTAMARINE, 9b-ACETOXYCOSTUNOLIDE 
AND 9b-ACETOXYPARTHENOLIDE 

Cyathocline purpurea (Buch.-Ham. ex D.Don) Kuntze (Asteraceae) has been 
traditionally used to treat various diseases including cancers for many years. 
Santamarine, 9b-acetoxycostunolide and 9b-acetoxyparthenolide inhibited 
the growth of L1210 murine leukaemia, CCRF-CEM human leukaemia,  
KB human nasopharyngeal carcinoma, LS174T human colon adenocarcinoma 
and MCF 7 human breast adenocarcinoma cells in vitro, with IC50 in the 
range of 0.16-1.3 µg/ml. 
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In L1210 model, santamarine and 9b-acetoxycostunolide (Fig. 4.9) 
inhibited L1210 cell growth, colony formation and [(3)H]-thymidine 
incorporation in time- and concentration-dependent ways. Flow cytometry 
studies showed that santamarine and 9b-acetoxycostunolide blocked  
L1210 cells in the G2-M phase of the cell cycle. DAPI staining and caspase 
activity assays showed santamarine and 9b-acetoxycostunolide induced 
apoptosis and activated caspase 3 in L1210 cells.9

Figure 4.9 Anticancer sesquiterpene lactones from Cyathocline purpurea.

4.10 FURANODIENE 
Furanodiene (Fig. 4.10) is a sesquiterpene extracted from the essential oil 
of the rhizome of Curcuma wenyujin Y.H. Chen et C. Ling (Wen Ezhu).  
In vitro, MTT assay was used to compare the inhibitory effects of furanodiene 
and Wen Ezhu’s essential oil on 11 human cancer cell lines. Compared 
to the essential oil, furanodiene showed stronger growth inhibitions on 
HeLa, Hep-2, HL-60, PC3, SGC-7901 and HT-1080 cells with IC50 between  
0.6-4.8 µg/ml. In vivo, furanodiene exhibited inhibitory effects on the 
growth of uterine cervical (U14) and sarcoma 180 (Sl80) tumors in mice.10

Figure 4.10 Structure of sesquiterpene of Curcuma wenyujin  
Y.H. Chen et C. Ling.

4.11 GERMACRANE-TYPE SESQUITERPENOIDS 
FROM MAGNOLIA KOBUS 

Cytotoxicity of germacrane-type sesquiterpenoids: costunolide, parthenolide, 
isobisparthenolidine and bisparthenolidine (Fig. 4.11), isolated from the 
chloroform-soluble fraction of the methanolic extract of the bark of Magnolia 
kobus DC (Magnoliaceae) were reported against human A549, SK-OV-3, 
SK-MEL-2, and HCT15 tumor cells.11
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Figure 4.11 Germacrane-type sesquiterpenoids of Magnolia kobus.

4.12 CHLOROFORM EXTRACT OF CARPESIUM 
ROSULATUM 

The chloroform extracts obtained from the whole plant of Carpesium 
rosulatum MlQ. (Asteraceae) exhibited significant anticancer activity against 
human tumor cell line, A549, SK-OV-3, SK-MEL-2, XF-498, and HCT-15.12 

4.13 PINGUISANE-TYPE SESQUITERPENOIDS 
ISOLATED FROM FRULLANIA Sp. AND 
PORELLA PERROTTETIANA

Structure activity relationship studies showed that the presence of a 
phthalide group in bibenzyls, a a-methylene-b-lactone in germacrane-type 
sesquiterpenoids and b-hydroxycarbonyl in pinguisane-type sesquiterpenoids 
isolated from Frullania sp. and Porella perrottetiana, play an important role in 
cytotoxic activity against both human promyelocytic leukemia (HL-60) and 
human pharyngeal squamous carcinoma (KB) cell lines.13

4.14 COSTUNOLIDE 
Investigatory research was undertaken to study mechanism of action of 
costunolide (Fig. 4.12) in chemotherapy for prostate cancer. Costunolide 
showed effective antiproliferative activity against hormone dependent 
(LNCaP) and independent (PC-3 and DU-145) prostate cancer cells. 
Costunolide induces apoptosis through nuclear calcium(2+) overload and 
DNA damage response in human prostate cancer.14

Figure 4.12 Structure of costunolide.
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4.15 PARTHENOLIDE
The role of parthenolide (Fig. 4.13), a sesquiterpene lactone found in 
Tanacetum parthenium L. (Asteraceae) in three lines of human hepatocellular 
carcinoma cells was investigated. Co-treatment with parthenolide and 
TRAIL-induced apoptosis with the inactivation of caspases 8 and 3. This 
could be the basis for a novel therapeutic strategy for hepatic tumors.15

Figure 4.13 Structure of sesquiterpene lactone found 
in Tanacetum parthenium L. (Asteraceae).

4.16 HIRSUTANOL A 
The new hirsutane sesquiterpenoid, hirsutanol A (Fig. 4.14) isolated from 
AcOEt extract of the marine fungus Chondrostereum sp., (isolated from the 
soft coral Sarcophyton tortuosum) exhibited potent cytotoxic activities against 
various cancer cell lines.16

Figure 4.14 Hirsutane sesquiterpenoids of Chondrostereum sp.
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Berberine—Alkaloid 
with Broad Spectrum of 

Pharmacological Activities

5.1 INTRODUCTION
Berberine (Fig. 5.1) is an isoquinoline alkaloid with a bright yellow color 
that is often seen in most herb materials which contain a significant amount 
of this compound. Berberine is the chief alkaloid from roots and stem-bark 
of Berberis species. It is found mostly from roots of B. aristata, B. petiolaris, 
B. vulgaris, B. aquifolium, B. thunbergii, B. asiatica, Coptis teeta and Hydrastis 
canadensis (see Table 5.1).1-4

Figure 5.1 Chemical structure of berberine.

Table 5.1 Percentage of Berberine in various plant sources

Medicinal Plant Percent of Berberine
B. aristata 5 percent in roots and 4.2 percent in stem-bark

B. aquifolium -
B. petiolaris 0.43 percent in roots

B. thunbergii -
Coptis teeta 8-9 percent in rhizomes

Hydrastis canadensis -

Chapter 5
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5.2 BERBERINE FROM CHINESE MEDICINAL PLANTS
Among Chinese herbs, the primary sources are B. sargentiana, Phellodendron 
amurense and Coptis chinensis. Coptis chinensis rhizomes and related species 
used as its substitutes have about 4-8 percent berberine, while Phellodendron 
amurense bark has about half as much, at 2-4 percent berberine.5

5.3 PHARMACOLOGICAL STUDIES—PRE-CLINICAL
5.3.1 Anti-proliferative and Anti-migratory Activity
Berberine is capable of inhibiting growth and endogenous platelet-derived 
growth factor synthesis in vascular smooth muscle cells after in vitro 
mechanical injury. A study analyzed the effects of berberine on vascular 
smooth muscle cell growth, migration, and signaling events after exogenous 
platelet-derived growth factor stimulation in vitro in order to resemble a 
post-angioplasty platelet-derived growth factor shedding condition. 

Pretreatment of vascular smooth muscle cells with berberine inhibited 
platelet-derived growth factor-induced proliferation. Berberine significantly 
suppressed platelet-derived growth factor F-stimulated cyclin D1/D3 and 
cyclin-dependent kinase gene expression. Moreover, berberine increased the 
activity of AMP-activated protein kinase, which led to phosphorylation 
activation of p53* and increased protein levels of the Cdk inhibitor p21**.

Compound C, an AMPK inhibitor, in part but significantly attenuated 
berberine-elicited growth inhibition. In addition, stimulation of vascular 
smooth muscle cells with platelet-derived growth factor led to a transient 
increase in GTP-bound, active form of Ras, Cdc42 and Rac1, as well as 
VSMC migration. However, pretreatment with berberine significantly 
inhibited platelet-derived growth factor F-induced Ras, Cdc42 and Rac1 
activation and cell migration. Co-treatment with farnesyl pyrophosphate 
and geranylgeranyl pyrophosphate drastically reversed berberine-mediated 
antiproliferative and migratory effects in vascular smooth muscle cells. The 
observations offer a molecular explanation for the antiproliferative and 
antimigratory properties of berberine.6

5.3.2 Antimicrobial Activity
5.3.2.1 Antibacterial
In one experiment, berberine hydrochloride reduced the cholera toxin-
induced secretion of water, sodium and chloride in perfused rat ileum. 
Berberine was also found to inhibit the intestinal secretory response of 
Vibrio cholerae and Escherichia coli enterotoxins without causing histological 
damage to the intestinal mucosa.7

Berberine is also active against other intestinal infections that cause 
acute diarrhea such as Shigella dysenteriae, Salmonella paratyphi and various 

*Cellular tumar antigen  ** Cyclin-dependent kimass inhibitor1
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Klebsiella species. Berberine sulfate has been shown to block the adherence 
of Streptococcus pyrogenes and E. coli to host cells, possibly explaining its 
mechanism of action against numerous pathogens.8

The effects of chlorpromazine (CPZ), berberine and verapamil on 
intestinal hyper secretion in the rabbit ileal loop model by the heat-labile 
enterotoxin (LT) of Escherichia coli were studied in relation to their ability 
to inhibit the stimulation of intestinal adenylate cyclase by the heat-labile 
enterotoxin. Chlorpromazine 5 mg by the intraluminal route and 4 mg/kg 
by the intramuscular route significantly reduced LT-induced intestinal 
hyper secretion. Berberine (10 mg) exerted an inhibitory effect, but only 
after IP administration, whereas verapamil did not exert any significant 
inhibitory effect when administered either (2.5 mg) or intramuscular  
(4 mg/kg). At concentrations of (0.17-1.34) × 10–3 M, Chlorpromazine, the 
anti-secretory effect of CPZ correlated with its inhibitory effect on rabbit 
heat-labile enterotoxin-stimulated intestinal adenylate cyclase. Inhibition 
of cAMP synthesis was probably not involved in the mechanism of action 
of the two other substances. These results indicate that chlorpromazine 
and phenothiazines in general are efficient drugs for reducing heat-
labile enterotoxin-induced intestinal hyper-secretion and could represent 
a model for synthesis of new anti-secretory drugs with no tranquilizer 
side effects.9

Berberine was found to be the active constituent in an extract of 
Hydrastis canadensis root that demonstrated activity against a multiple 
drug-resistant strain of Mycobacterium tuberculosis.10 Berberine is reported 
to inhibit Helicobacter pylori.11

The growth thermogenic curves of Escherichia coli affected by berberine, 
coptisine (Fig. 5.2) and palmatine (Fig. 5.3) extracted from Coptis chinensis 
were determined quantitatively by microcalorimetry. The power-time 
curves of E. coli with and without the three protoberberine alkaloids were 
acquired; at the same time the extent and dur ation of inhibitory effects on 
the metabolism were evaluated by growth rate constant (k), half-inhibitory 
ratio IC50, peak time of maximum heat-output power (tp), total heat-
production (Qt). The inhibitory effects of three protoberberine alkaloids 
on E. coli revealed that the sequence of their antimicrobial activity was 
berberine > coptisine > palmatine.12

Figure 5.2 Chemical structure of coptisine.
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Figure 5.3 Chemical structure of palmitine.

Antibacterial activity of berberine is potentiated by methoxyhydnocarpin 
(Fig. 5.4). The observation led to the possibility that plants produce both 
antibacterial compounds and compounds which target bacterial efflux 
mechanisms to inhibit possible resistance to latent plant antibacterial in 
bacteria in their environment.13

 Figure 5.4 Structure of 5’ methoxyhydnocarpin.

5.3.2.2 Antifungal 

The antifungal activity of trial denture cleansers prepared with berberine 
hydrochloride was examined against Candida albicans, C. tropicalis and  
C. glabrata. A commercial denture cleanser and a trial denture cleanser 
that exhibited strong antifungal activity were tested for their effects on  
Candida spp., the color stability of the dental material and the surface 
roughness of acrylic resin plates. The results of these tests revealed that 
the trial denture cleanser removed 64 to 89 percent of adhered cells from 
acrylic resin surfaces and had little effect on the other physical properties 
tested.14

5.3.2.3 Antiprotozoal

Parenteral administration of berberine has been shown to give rise to 
a statistically significant prolongation of the lives of rats infected with 
Trypanosoma equiperdum.15 Berberine sulfate has been shown to inhibit 
the growth of Entamoeba histolytica, Giardia lamblia and Trichomonas vaginalis 
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in vitro. The parasites all exhibited morphological changes after exposure 
to berberine sulfate.16 

Earlier studies demonstrated the use of berberine in the treatment of 
Leishmania donovani infestation.17-19 Berberine and several of its derivatives 
were tested for efficacy against L. donovani and L. braziliensis panamensis 
in golden hamsters. Tetrahydroberberine was less toxic and more potent 
than berberine against L. donovani but was not as potent as meglumine 
antimonate (Glucantime), a standard drug for the treatment of leishmaniasis. 
Only berberine and 8-cyanodihydroberberine showed significant activity 
(greater than 50 percent suppression of lesion size) against L. braziliensis 
panamensis.20 

5.3.3 Gastrointestinal System 
5.3.3.1 Cholagouge

Extract of B. vulgaris with 80 percent berberine and additional alkaloids 
stimulated the bile excretion of rats by 72 percent. Berberine has been 
shown to lower bilirubin levels.21 

5.3.3.2 Anti-diarrheal activity

The motility of the small intestine in unanesthetized rats receiving 
berberine sulfate (0.2, 2.0, and 20.0 mg/kg IP) was investigated. Motility 
was determined by two methods—myoelectric activity was monitored with 
indwelling bipolar electrodes, and intestinal transit was measured by the 
movement of radio chromium (Na51CrO4). The 20.0 mg/kg dose caused 
a marked inhibition of spike activity for 21.8+/–7.0 min and disrupted 
activity fronts of the migrating myoelectric complex for 212.3 min. 

Berberine, 2.0 mg/kg IP, disrupted migrating myoelectric complexes 
for 64.6 min but spike inhibition was not observed. Transit of the small 
intestine was significantly (P < 0.001) delayed at 15 and 100 min after the 
highest dose of berberine. Naloxone blocked the spike inhibition noted with 
20.0 mg/kg of berberine but failed to improve the transit. Phentolamine 
blocked spike inhibition and was associated with a significantly earlier 
return of activity fronts of the migrating myoelectric  complex. 

Animals pretreated with this antagonist tended toward a higher 
geometric center in transit studies than those injected with berberine alone. 
Berberine was also administered by various routes (intraperitoneal injection, 
intravenous injection, orogastric gavage and intraluminal injection). An 
intraperitoneal injection was 10-fold more potent than an intravenous 
injection. Orogastric gavage and intraluminal administration of berberine 
did not alter intestinal motility. In summary, berberine sulfate significantly 
inhibits myoelectric activity and transit of the small intestine. This appears 
to be partially mediated by opioid and alpha-adrenergic receptors. The 
anti-diarrheal properties of berberine may be mediated, at least in part, by 
its ability to delay small intestinal transit.22
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5.3.4 Hepatoprotective Activity
Hepatoprotective effect of Coptidis rhizoma aqueous extract and its possible 
mechanism were studied in rats intoxicated with carbon tetrachloride (CCl4) 
in the present study. SPRAGUE-Dawley (SD) rats at the age of 7 weeks 
were intraperitoneally injected with CCl4 at a dose of 1.0 ml/kg as a 
50 percent olive oil solution. The rats were orally administered Coptidis 
rhizoma aqueous extract at doses of 400, 600, 800 mg/kg and 120 mg/kg 
berberine body weight after 6 hr of CCl4 treatment. At 24 hr after CCl4 
injection, samples of blood and liver were collected and then biochemical 
parameters and histological studies were carried out. 

The results showed that Coptidis rhizoma aqueous extract and 
berberine significantly inhibited the activities of alanine aminotransferase 
and aspartate aminotransferase and increased the activity of superoxide 
dismutase. Observation on the hepatoprotective effect of berberine 
was consistent to that of Coptidis rhizoma aqueous extract. The study 
demonstrated that Coptidis rhizoma aqueous extract has hepatoprotective 
effect on acute liver injuries induced by CCl4, and the results suggest that 
the effect of Coptidis rhizoma aqueous extract against CCl4-induced liver 
damage is related to anti-oxidant property.23

5.3.5 Cardiovascular System Activity
5.3.5.1 Anti-hypertensive activity
The alkaloid produces long lasting, dose related fall in blood pressure 
of anaesthetized rabbits.1 Fractions from the root extracts of B. vulgaris, 
which contain 80 percent berberine and other alkaloids, have been shown 
to reduce the blood pressure of cats for several hours. With varying 
doses, both positive and negative inotropic effects on the cats’ hearts were 
recorded.24 Infusion of berberine when given intravenously to rats reduces 
blood pressure.25 

5.3.5.2 Alpha 2 adrenoceptor antagonist activity
In this study, the interaction of berberine with human platelet alpha 2 
adrenoceptor was investigated. Berberine was found to competitively 
inhibit the specific binding of [3H]-yohimbine. The displacement curve was 
parallel to those of clonidine, epinephrine, norepinephrine with the rank 
order of potency (IC50) being clonidine (0.4 µM) greater than epinephrine 
(7.5 µM) greater than norepinephrine (14.5 µM) = berberine (16.6 µM). 

Increasing concentrations of berberine from 0.1 µM to 10 µM inhibited 
[3H]-yohimbine binding, shifting the saturation binding curve to the 
right without decreasing the maximum binding capacity. In platelet cyclic 
AMP accumulation experiments, berberine at concentrations of 0.1 µM to  
0.1 µM inhibited the cAMP accumulation induced by 10 µM prostaglandin 
E1 in a dose dependent manner, acting as an alpha 2 adrenoceptor agonist. 
In the presence of L-epinephrine, berberine blocked the inhibitory effect 
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of L-epinephrine behaving as an alpha 2 adrenoceptor antagonist. Three 
properties are similar to those of clonidine on human platelets, suggesting 
that berberine is a partial agonist of platelet alpha 2 adrenoceptors. These 
findings may account for hypotensive, anti-secretory, and sedative effects 
of berberine.26

5.3.5.3 Anti-arrhythmic activity 

The study describes cardiovascular effects of berberine and its derivatives, 
tetrahydroberberine and 8-oxoberberine. Berberine has positive inotropic, 
negative chronotropic, anti-arrhythmic and vasodilator properties. Both 
derivatives of berberine have anti-arrhythmic activity. Some cardiovascular 
effects of berberine and its derivatives are attributed to the blockade of K+ 
channels (delayed rectifier and K (ATP)) and stimulation of Na+ –Ca (2+) 
exchanger. Berberine has been shown to prolong the duration of ventricular 
action potential. Its vasodilator activity has been attributed to multiple 
cellular mechanisms. The cardiovascular effects of berberine suggest its 
possible clinical usefulness in the treatment of arrhythmias and/or heart 
failure.27

5.3.5.4 Antiplatelet activity

In the present study, it was demonstrated ex vivo that berberine significantly 
inhibited rabbit platelet aggregation induced by adenosine diphosphate, 
arachidonic acid, collagen or calcium ionophore A23187. The most potent 
inhibition was observed in collagen-induced platelet aggregation. Using 
radioimmunoassay, we show in vitro that berberine significantly inhibited 
synthesis of thromboxane A2 in rabbit platelets induced by adenosine 
diphosphate, arachidonic acid or collagen in which collagen-induced 
thromboxane A2 synthesis was also most potently inhibited. In our in vivo 
study using radioimmunoassay, the plasma prostacyclin level was reduced 
by 34.6 percent during a 30-minutes period after intravenous administration 
of 50 mg/kg of berberine. The results suggest that berberine might inhibit 
arachidonic acid metabolism in rabbit platelets and endothelial cells at 
two or more sites—cyclooxygenase in the arachidonic acid cascade and 
possibly the enzyme(s) for arachidonic acid liberation from membrane 
phospholipid(s).28

5.3.5.5 Hypolipidemic activity

Berberine lowers elevated blood total cholesterol, LDL cholesterol 
triglycerides and aterogenic apolipoptoteins,29 but the mechanism of action is 
distinct from statins.30-33 Berberine reduces LDL cholesterol by upregulating 
LDLR mRNA expression posttranscriptionally while downregulating the 
transcription of proprotein convertase subtilisin/kexin type 9 (PCSK9), a 
natural inhibitor of LDL receptor and increasing in the liver the expression 
of LDL receptors through extra cellular signal-regulated kinase (ERK) 
signaling pathway33 while statins inhibit cholesterol synthesis in the liver by 
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blocking HMG-CoA-reduktase. This explains why berberine does not cause 
side effects typical of statins. Berberine activates AMP-activated protein 
kinase34 specifically extrascellular signal-regulated kinases35, which plays a 
central role in glucose and lipid metabolism36 suppresses pro-inflammatory 
cystokines37, and reduces MMP-9 and EMMPRIN expression38, which are all 
beneficial changes for the health of the heart. Moreover, berberine reduces 
hepatic fat content in rats of non-alcoholic fatty liver disease). Berberine 
also prevents proliferation of hepatic stellate cells, which are central for the 
development of fibrosis during liver injury.39 

5.3.6 Central Nervous System Activity
5.3.6.1 Anti-inflammatory activity
In the present study, the anti-inflammatory properties of total ethanol 
extract, three alkaloid fractions, a major alkaloid berberine and oxyacanthine  
(Fig. 5.5) isolated from B. vulgaris roots were compared. All these were 
applied in acute inflammation (carrageenan- and zymosan-induced paw 
oedema), as the total ethanol extract showed the highest reducing effect. 

Their ability to alter in vivo and in vitro complementary activity was 
determined. Also, the total ethanol extract was most effective in a chronic 
inflammatory model of adjuvant arthritis. The protoberberine fractions 
(Bv2 and Bv3) and berberine suppressed a delayed type hypersensitivity 
(DTH) reaction. Fraction Bv1 and berberine diminished antibody response 
against SRBC in vivo. The in vitro treatment of splenocytes with berberine 
showed that the anti-SRBC antibody synthesis was influenced in a different 
manner depending on the time course of its application. Oxycanthine was 
less effective than berberine in the tests used.40

Figure 5.5 Structure of oxycanthine.

5.3.6.2 Antidepressant activity

 A. The central depressant actions of methanol extract of coptis root, 
its active ingredients such as non-alkaloids fraction, tertiary 
base fraction, quarternary base fraction, magnoflorine fraction, 
berberine hydrochloride, coptisine hydrochloride and the 
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extract from SAN O SHA SHIN TO (reparations which contain  
coptis root) were investigated in mice. The antigastric ulcer 
action of these substances was also examined in rats. All 
substances were given orally. Spontaneous movement and 
coordinative motor activity were not depressed by methanol 
extract, non-alkaloid fraction quarternary base fraction, 
magnoflorine fraction, berberine hydrochloride, coptisine 
hhdrochloride and the extract from SAN O SHA SHIN TO. 
There was no inhibition of chemical- and electro-shock-
induced convulsion, morphine induced Straub’s tail reaction, 
apomorphine-induced masticating motion and aggressive 
behavior induced by electrical stimulation. A loss of righting 
reflex* due to hypnotics was not potentiated by the substances. 
The quarternary base fraction did not elicit central depression, 
while the tertiary base fraction slightly depressed the function 
of the central nervous system. Quarternary base alkaloids such 
as berberine exerted a slight anti-ulcer effect.41

 B. Berberine seems to act as an herbal antidepressant. Berberine inhibits 
prolyl oligopeptidase in a dose-dependent manner. Berberine is 
also known to bind sigma like many synthetic anti-depressant 
drugs. As berberine is a natural compound that has been safely 
administered to humans, preliminary results suggest   the initiation 
of clinical trials in patients with depression, bipolar affective 
disorder, schizophrenia, or related diseases in which cognitive 
capabilities are affected, with either the extract or pure berberine.42

5.3.7 Genitourinary System
5.3.7.1 Reno protective
A study investigated the beneficial effects of berberine on renal function 
and its possible mechanisms in rats with diabetic nephropathy. Male 
Wistar rats were divided into three groups—normal, diabetic model and 
berberine treatment groups. Rats in the diabetic model and berberine 
treatment groups were induced to diabetes by intraperitonal injection with 
streptozotocin. Glomerular area, glomerular volume, fasting blood glucose, 
blood urea nitrogen, serum creatinine and urine protein for 24 hr were 
measured using commercially available kits. Meanwhile, the activity of 
superoxide dismutase content of malondialdehyde in serum, activity of 
aldose reductase and the expression of aldose reductase mRNA and protein 
in kidneys were detected by different methods.

The   results   showed  that  oral  administration  of  berberine  (200  mg/kg/day) 
significantly ameliorated the ratio of kidney weight to body weight 
Glomerular area, glomerular volume, fasting blood glucose, blood urea 

*It is a reflex that corrects the orientation of the body when itis taken out of its normal 
upright position.
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nitrogen, serum creatinine and urine protein for 24 hr were significantly 
decreased in the berberine treatment group compared with the diabetic 
model group (P < 0.05). Berberine treatment significantly increased serum 
SOD activity and decreased the content of MDA compared with diabetic 
model group (P < 0.05). Aldose reductase activity as well as the expression 
of aldose reductase mRNA and protein in the kidney was markedly 
decreased in the berberine treatment group compared with diabetic model 
group (P < 0.05).43

5.3.8 Anti-oxidant Activity
In a review, the effects of berberine on cultured rabbit corpus cavenosum 
smooth muscle cells damaged by hydrogen peroxide was studied through 
examining cell viability by methyl thiazolyl tetrazolium assay and assessing 
the level of malondialdehyde, superoxide dismutase activity, nitric oxide 
products and lactate dehydrogenase release in cells after stimulation with 
hydrogen peroxide.

Treatment with 1 mmol/L hydrogen peroxide significantly decreased 
the cell viability, nitric oxide products and superoxide dismutase activity of 
cultured rabbit corpus cavenosum smooth muscle cells from 100 percent to 
48.57  4.1 percent (P < 0.01), 66.8  16.3 to 6.7  2.1 µmol/L (P < 0.01), and 
49.5  1.8 to 30.1  2.6 U/mL (P < 0.01), respectively, and increased lactate 
dehydrogenase release and malondialdehyde content from 497.6  69.5 to 
1100.5  56.3 U/L (P < 0.01) and 3.7  1.3 to 78.4  2.9 nmol/mg protein 
(P < 0.01), respectively. However, treatment with different concentrations of 
Ber (10-1000 µmol/L) inhibited the damaging effects of hydrogen peroxide, 
with increased cell viability (P < 0.05 or P < 0.01), nitric oxide production 
(P < 0.01), superoxide dismutase activity (P < 0.01) and decreased lactate 
dehydrogenase release and malondialdehyde content (both P < 0.01).44

5.3.9 Absorption of Berberine
The aim of the present study was to use the P-glycoprotein inhibitors 
cyclosporin A, verapamil and the monoclonal antibody C219 in in vivo and  
in vitro models of intestinal absorption to determine the role of P-glycoprotein 
in berberine absorption. In the rat recirculating perfusion model, berberine 
absorption was improved 6-times by P-glycoprotein inhibitors. In the rat 
everted intestinal sac model, berberine serosal-to-mucosal transport was 
significantly decreased by cyclosporin A. In Ussing-type chambers, the rate 
of serosal-to-mucosal transport across rat ileum was 3-times greater than in 
the reverse direction and was significantly decreased by cyclosporin A. In 
Caco-2 cells, berberine uptake was significantly increased by P-glycoprotein 
inhibitors and by monoclonal antibody C219. P-glycoprotein appears to 
contribute to the poor intestinal absorption of berberine which suggests 
P-glycoprotein inhibitors could be of therapeutic value by improving its 
bioavailability.45
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5.3.10 Clinical Studies
5.3.10.1 Oriental sore

Clinical studies have established the efficacy of hydrochloride of berberine 
in the treatment of oriental sore.46

5.3.10.2 Trachoma
Berberine has a long history of use for eye infections. In one study that 
looked at effectiveness in treating trachoma, berberine was more effective 
than sulfacetamide in eradicating Chlamydia trachomatis from the eye and 
preventing relapse of symptoms.47

5.3.10.3 Congestive heart failure

To determine the acute cardiovascular effects of berberine in humans,  
12 patients with refractory congestive heart failure were studied before and 
during berberine intravenous infusion at rates of 0.02 and 0.2 mg/kg/min 
for 30 min. The lower infusion dose produced no significant circulatory 
changes, apart from a reduction in heart rate (14 percent). 

The 0.2 mg/kg/min dose elicited several significant changes:  
(a) Decreases in systemic (48 percent, P < 0.01) and pulmonary vascular 
resistance (41 percent, P < 0.01), and in right atrium (28 percent,  
P < 0.05) and left ventricular end-diastolic pressures (32 percent, P < 0.01).  
(b) Increases in cardiac index (45 percent, P < 0.01), stroke index (45 percent, 
P < 0.01), and LV ejection fraction measured with contrast angiography  
(56 percent, P < 0.01). (c) Increases in hemodynamic and echocardiographic 
indices of LV performance: peak measured velocity of shortening  
(45 percent, P < 0.01), peak shortening velocity at zero load (41 percent,  
P < 0.01), rate of development of pressure at developed isovolumic 
pressure of 40 mmHg (20 percent, P < 0.01), percent fractional shortening  
(50 percent, P < 0.01), and the mean velocity of circumferential fiber shortening  
(54 percent, P < 0.01). (d) Decrease of arteriovenous oxygen difference  
(28 percent, P < 0.05) with no changes in total body oxygen uptake, arterial 
oxygen tension or hemoglobin dissociation properties.48 

5.3.10.4 Hypercholesterolemia
It was recently reported that berberine lowers cholesterol through a 
mechanism different than that of statin drugs, suggesting a potential use 
both as an alternative to the statins and as a complementary therapy 
that might be used with statins in an attempt to gain better control over 
cholesterol. In a controlled Chinese study, it was shown that berberine, 
administered 500 mg twice a day for 3 mon, reduced serum cholesterol 
by 29 percent, triglycerides by 35 percent and LDL-cholesterol by  
25 percent. The apparent mechanism increases the production of a 
receptor protein in the liver that binds the LDL-cholesterol, preparing 
it for elimination.49
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5.3.10.5 Type 2 diabetes mellitus

 A. In a study, evaluating efficacy of berberine in the treatment of 
diabetes mellitus, dietary therapy was first introduced to the 
patients for one month. For those who still had high fasting 
blood sugar, berberine was administered orally at a dose of 300, 
400, or 500 mg each time, three times daily, adjusting the dosage 
according to the blood glucose levels; this treatment was followed 
for 1–3 months. A control group without diabetes was similarly 
treated, with no effect on blood sugar. For diabetic patients, it 
was reported that patients were less thirsty, consumed less water 
and urinated less, however had improved strength, and lower 
blood pressure; the symptoms declined in correspondence with 
declining blood glucose levels. Laboratory studies suggest that 
berberine may have at least two functions in relation to reducing 
blood sugar: inhibiting absorption of sugars from the intestine 
and enhancing production of insulin.50

 B. Berberine has been shown to regulate glucose and lipid 
metabolism in vitro and in vivo. In a pilot study efficacy and 
safety of berberine in the treatment of type 2 diabetes mellitus 
patients was studied. In study A, 36 adults with newly diagnosed 
type 2 diabetes mellitus were randomly assigned to treatment 
with berberine or metformin (0.5 g 3 times a day) on a 3-months 
trial. The hypoglycemic effect of berberine was similar to that 
of metformin. Significant decreases in hemoglobin A (1c) were 
observed.51

5.3.11 Conclusion
Berberine has definite potential as a drug, since it possesses diverse 
pharmacological properties. Previous studies established the use of berberine 
as an antibacterial agent. However in recent studies, a striking effect of 
berberine is shown on the cardiovascular system. Since drug resistance and 
incidence of cardiovascular and metabolic diseases is on the rise, berberine 
holds promise for clinical trials. 
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Protopine—An Isoquinoline 
Alkaloid with Diverse 

Pharmacological Profile

6.1 INTRODUCTION
Protopine (Fig. 6.1) is an isoquinoline 
alkaloid that is usually found in most 
of the herb materials that contain any 
significant amount of this compound. It is 
the main alkaloid from roots and stems of 
Corydalis species. It is found mostly from 
C. adunca, C. tashiro and C.govinaina.1-3 
Other sources are Papaver somniferum, 
Hypecoum lactiflorum, Chelidonium majus 
and Fumaria officinalis.4-7

6.2 PHARMACOLOGY

6.2.1  Antithrombotic  and Anti-inflammatory Activity
Five antiplatelet agents (apigenin, magnolol, osthole, protopine and 
norathyriol) isolated from Chinese herbs were evaluated for antihaemostatic 
and antithrombotic activity. Apigenin and magnolol are inhibitors of 
thromboxane synthesis, while osthole, protopine and norathyriol are inhibitors 
of phosphoinositide breakdown. Thirty minutes after intraperitoneal (IP) 
administration of these drugs, tail bleeding time of mice was prolonged 
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 Figure 6.1 Chemical structure of   
protopine.
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markedly in a dose-dependent manner by norathyriol, protopine, osthole 
and magnolol, but not by apigenin. However, the antiplatelet agents (up 
to 200 mg/kg, IP) could not prevent acute thromboembolic death in mice. 
In endotoxin-induced experimental disseminated intravascular coagulation 
in rats, norathyriol (50-100 mg/kg, IP) prevented the decrease in platelet 
counts and fibrinogen, and the prolongation of plasma prothrombin time. 
Norathyriol (100 mg/kg, IP) also suppressed ex-vivo platelet aggregation 
induced by collagen and ADP in rat plasma.8

 In a study, the effects of protopine on human platelet aggregation and 
arachidonic acid metabolism via cyclooxygenase and lipoxygenase enzymes 
were examined. Platelet aggregation induced by various platelet agonists 
was strongly inhibited by protopine in a concentration-related manner. The 
IC50 values (µM) of protopine (mean +/– SEM) against: arachidonic acid;  
12 +/– 2: ADP; 9 +/– 2: collagen; 16 +/– 2 and platelet aggregation factor;  
11 +/– 1, were much less than those observed for aspirin. In addition, 
protopine selectively inhibited the synthesis of thromboxane A2 via cyclo-
oxygenase pathway. In vivo, pretreatment with protopine (50-100 µM/kg) 
protected rabbits from the lethal effects of arachidonic acid (2 µM/kg) or 
platelet aggregation factor (11 µM/kg) in dose-dependent manner. Protopine 
(50-100 µM/kg) also inhibited carrageenan-induced rat paw oedema with a 
potency of three-fold as compared to aspirin.9

 Forty-one isoquinoline alkaloids were tested for antiplatelet aggregation 
effects. Among them, (–)-discretamine, protopine), ochotensimine, O-methyl- 
armepavinemethine , lindoldhamine, isotetrandrine, thalicarpine, papaverine 
and D-(+)- N-norarmepavine exhibited significant inhibitory activity 
towards adenosine 5’-diphosphate (ADP)-, arachidonic acid, collagen and/
or platelet-activating factor platelet aggregation factor-induced platelet 
aggregation.10 

6.2.2  Analgesic Activity
The analgesic effect of protopine was confirmed by tail-pinch and hot-
plate tests when given subcutaneous (SC) 10-40 mg/kg, and 20-40 mg/kg 
inhibited the spontaneous movements of mice. Pro 40 mg/kg increased 
the sleeping rate, prolonged sleeping duration, and shortened the sleeping 
latency in mice hypnotized by IP pentobarbital sodium 30 mg/kg. Pro  
10-40 mg/kg did not affect the inflammatory reaction induced by xylene 
and egg white. An icv injection of Pro 20-200 µM/mouse showed a 
remarkable analgesic effect in mice. The icv pretreatment of naloxone  
2 µM blocked the analgesic effect completely. CaCl2 40 µM/mouse (ICV) 
or methotrexate 10 mg/kg (IP), an agonist of Ca2+ channel,    showed a 
complete blockade of the analgesia, while nifedipine 100 mg/kg    (PO), 
a blocker of Ca2+ channel, enhanced the analgesic effect. The IP pre-
treatment of reserpine 4 mg/kg reduced the Pro analgesia. Phentolamine 
10 mg/kg (IP), a a-adrenergic blocker, tended to weaken the analgesia, but 
propranolol 10 mg/kg (IP), a b-blocker, did not affect it.11
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6.2.3  Antispasmodic Activity
Two ethanolic dry extracts derived from Chelidonium majus Linn. with 
a defined content of the main alkaloids (chelidonine, protopine and 
coptisisine) and the alkaloids themselves were studied in three different 
antispasmodic test models on isolated ileum of guinea-pigs. In the BaCl2-
stimulated ileum, chelidonine and protopine exhibited the known papa-
verine-like musculotropic action, whereas coptisine (up to 3.0  ×  10(–5) g/ml) 
was ineffective in this model. Both extracts were active with 53.5 and  
49.0 percent relaxation at 5 × 10(–4) g/ml. The carbachol and the electric 
field stimulated contractions were antagonized by all three alkaloids. 
Coptisine showed competitive antagonist behavior with a pA2 value of 5.95. 
Chelidonine and protopine exhibited a certain degree of non-competitive 
antagonism. In the electric field the antagonist activities decreased in 
the order protopine > coptisine > chelidonine. The concentrations of the 
chelidonium herb extracts for 50 percent inhibition of the carbachol and 
electrical field induced spasms were in the range of 2.5 to 5 x 10(–4) g/ml.12

6.2.4  Anticholinesterase  and Anti-amnesic Activities 
In a study methanolic extract of the tuber of Corydalis ternata showed 
significant inhibitory effects on acetylcholinesterase. Further fractionation 
of this extract using acetylcholinesterase inhibition as the parameter 
screened resulted in the isolation and purification of an alkaloid, protopine. 
Protopine inhibited acetylcholinesterase activity in a dose-dependent 
manner. The concentration required for 50 percent inhibition was 50 µM. 
The anti-acetylcholinesterase activity of protopine was specific, reversible 
and competitive in manner. Furthermore, when mice were pretreated 
with protopine, the alkaloid significantly alleviated scopolamine-induced 
memory impairment. In fact, protopine had an efficacy almost identical to 
that of velnacrine, which is used to treat Alzheimer’s disease, at an identical 
therapeutic concentration.13

 Some authors have used protopine in the treatment of tremors. 
Protopine has an anticholinergic and GABA-ergic effect, and may have an 
effect similar to that of neuroleptics. Nevertheless, it is not clear whether 
the recommended quantity protopine is sufficient for a clinical effect.14 

6.2.5  Anti-asthmatic Activity
A study was conducted for evaluating the anti-asthmatic potential of 
protopine. In vitro effects of protopine on the concentration response curves 
of guinea pig tracheal spiral strips for histamine and acetylcholine were 
observed. The contents of cAMP and cGMP in the rabbit’s tracheal smooth 
muscle affected by protopine were determined by radioimmunoassay. The 
phosphodiesterase activities in guinea pig trachealis affected by protopine 
were assayed with reversed phase HPLC. 
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Protopine markedly depressed the constriction of guinea pig tracheal 
spiral strips induced by histamine or acetylcholine, and shifted the 
concentration response curves to the right. The maximal responses were 
significantly depressed, showing a non competitive antagonism. The pD 
2¢ of protopine for constrictions induced by histamine and acetylcholine 
were 3.11 and 3.45, respectively. Protopine increased cAMP levels in rabbit 
tracheal smooth muscles, but had no significant increase in their cGMP 
level. Protopine inhibited the cAMP phosphodiesterase activities in guinea 
pig tracheal smooth muscles, but had no significant decrease in their cGMP 
phosphodiesterase activities.15 

6.2.6  Cardiovascular Activity
The aim of this study was to elucidate the ionic mechanisms of protopine 
effects in the heart. In single isolated ventricular myocytes from guinea-
pigs, extracellular application of protopine markedly and reversibly 
abbreviates action potential duration, and decreases the rate of upstroke in 
a dose-dependent manner. Additionally, it produces a slight, but significant 
hyperpolarization of the resting membrane potential. Protopine at 25,  
50 and 100 µM reduces L-type Ca2+ current (ICa,L) amplitude to 89.1, 61.9  
and 45.8 percent of control, respectively, and significantly slows the decay 
kinetics of ICa, L at higher concentrations. 

In the presence of protopine, both the inward rectifier (IK1) and delayed 
rectifier (IK) potassium currents were variably inhibited, depending on 
protopine concentrations. Sodium current (INa), recorded in low [Na+]o 
(40 µM) solution, is more potently suppressed by protopine At 25 µM, 
protopine significantly attenuated INa at most of the test voltages  
(–60 + 40 mV, with a 53 percent reduction at –30 mV). The results prove 
that protopine is not a selective Ca2+ channel antagonist but acts as a 
promiscuous inhibitor of cation channel currents including ICa, L, IK, IK1 
as well as INa.16

A study was carried out to investigate the effects of protopine on K(ATP) 
channels and big conductance (BKCa) channels. Protopine concentration-
dependently inhibited K(ATP) channel currents in human embryonic kidney 
cells (HEK-293) which were cotransfected with Kir6.1 and sulfonylurea 
receptor 1 (SUR1) subunits, but not with Kir6.1 cDNA transfection alone. 
At 25 µM, protopine reversibly decreased Kir6.1/SUR1 currents densities 
from –17.4 +/–3 to –13.2 +/–2.4 pA/pF at –60 mV (n = 5, P < 0.05). The 
hetero-logously expressed mSlo-encoded BK (Ca) channel currents in HEK-
293 cells were not affected by protopine (25 µM), although iberiotoxin  
(100 µM) significantly inhibited the expressed BK (Ca) currents (n = 5,  
P < 0.05). To conclude, protopine selectively inhibited K(ATP) channels by 
targeting on SUR1 subunit.17
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6.2.7  Neuroprotective Activity
In this study, the effect of protopine on the focal cerebral ischemia was 
investigated in rats. Male Sprague-Dawley rats were divided into five groups: 
sham-operated group, vehicle-treated group and three doses of protopine-
treated groups (0.98, 1.96 and 3.92 mg/kg). Protopine was intraperitoneally 
administered to rats once daily for 3 days prior to the ischemia and 0.9 percent 
normal saline to rats in the vehicle-treated group in the same way. Rats in 
the sham-operated group were given 0.9 percent normal saline without the 
ischemia. The focal cerebral ischemia was induced by the middle cerebral 
artery occlusion for 24 hr via the intraluminal filament technique. 

The results showed that pretreatment with protopine reduced the 
cerebral infarction ratio and serum lactate dehydrogenase activity, and 
improved the ischemia-induced neurological deficit score and histological 
changes of the brain in a dose-dependent manner. The studies further 
demonstrated that protopine increased superoxide dismutase activity in 
the serum, and decreased total calcium and terminal deoxynucleotidyl 
transferase-mediated dUTP nick end labeling (TUNEL)-positive cells in the 
ischemic brain tissue in the middle cerebral artery occlusion rats.18

In the present study, neuroprotective activity of protopine was studied 
against H(2)O(2)*-induced injury in PC12 cells. Pretreatment of PC12 
cells with protopine improved the cell viability, enhanced activities of 
superoxide dismutase, glutathione peroxidase and catalase and decreased 
malondialdehyde level in the H(2)O(2) injured cells. Protopine also 
reversed the increased intracellular Ca(2+) concentration and the reduced 
mitochondrial membrane potential caused by H(2)O(2) in the cells. 
Furthermore, protopine was able to inhibit caspase-3 expression and cell 
apoptosis induced by H(2)O(2).19

6.2.8  Antidepressant Activity
Protopine isolated from Dactylicapnos scandens Hutch was identified as an 
inhibitor of both serotonin transporter and noradrenaline transporter in vitro 
assays. 5-hydroxy-DL-tryptophan (5-HTP)-induced head twitch response 
(HTR) and tail suspension test were adopted to study whether protopine 
has an antidepressant effect in mice using reference antidepressant fluoxetine 
and desipramine as positive controls. In the HTR test, protopine at doses of 5, 
10, 20 mg/kg dose dependently increase the number of 5-HTP-induced HTR. 
Protopine at doses of 3.75 mg/kg, 7.5 mg/kg and 30 mg/kg also produces 
a dose-dependent reduction in immobility in the tail suspension test.20 

6.2.9  Hepatoprotective Activity
This study demonstrates the hepatoprotective potential of 50 percent 
ethanolic water extract of the whole plant of Fumaria indica and its three 

*Hydrogen peraoxide
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fractions viz., hexane, chloroform and butanol against d-galactosamine 
induced hepatotoxicity in rats. The hepatoprotection was assessed in terms 
reduction in histological damage, changes in serum enzymes and metabolites 
bilirubin, reduced glutathione and lipid peroxidation. Among fractions more 
than 90 percent protection was found with butanol fraction in which alkaloid 
protopine was quantified as the highest i.e. about 0.2 µg/g by HPTLC. The 
isolated protopine in doses of 10-20 µg PO also proved equally effective 
hepatoprotective as the standard drug silymarin (single dose 25 µg PO). In 
general all treatments excluding hexane fraction proved hepatoprotective at 
par with silymarin.21

6.2.10  Antimicrobial Activity
6.2.10.1 Antiviral and antibacterial

In a study, 33 isoquinoline alkaloids belonging to protopine-, benzy-
lisoquinoline-, benzophenanthridine-, spirobenzylisoquinoline-, phthali-
deisoquinoline-, aporphine-, protoberberine-, cularine- and isoquinolone-
types as well as seven derivatives of them obtained from some Fumaria 
and Corydalis species growing in Turkey were evaluated for their in vitro 
antiviral and antimicrobial activities. 

Both DNA virus Herpes simplex and RNA virus Para influenza were 
used for antiviral assessment of the compounds using Madine-Darby bovine 
kidney and Vero cell lines and their maximum non-toxic concentrations and 
cytopathogenic effects were determined using acyclovir and oseltamivir as 
references. 

Antibacterial and antifungal activities of the alkaloids were tested 
against Escherichia coli, Pseudomonas aeruginosa, Proteus mirabilis, Klebsiella 
pneumoniae, Acinetobacter baumannii, Staphylococcus aureus, Bacillus subtilis and 
Candida albicans by the microdilution method and compared to ampicilline, 
ofloxacine and ketocanazole as references. The alkaloids did not present any 
notable antibacterial effect, while they had significant antifungal activity 
at 8 µg/ml concentration. On the other hand, the alkaloids were found to 
have selective inhibition against the para-influenza virus ranging between 
0.5 and 64 µg/ml as minimum and maximum cytopathogenic effects 
inhibitory concentrations, whereas they were completely inactive towards 
Herpes simplex.22

6.2.10.2 Antiprotozoal

Four alkaloids, protopine, scoulerine, cheilanthifoline and stylopine, isolated 
from the Bhutanese medicinal plant Corydalis calliantha Long, were tested 
for antimalarial activity. Protopine, and cheilanthifoline, showed promising 
in vitro antiplasmodial activities against Plasmodium falciparum, both wild 
type (TM4) and multidrug resistant (K1) strains with IC50 values in the 
range of 2.78-4.29 µM. The results support, at a molecular level, the clinical 
use of the medicinal plant in the treatment of malaria.23
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Piperine—Review of  Advances 
in Pharmacology

7.1 INTRODUCTION
In recent years many researchers have examined the effects of plants used 
traditionally by indigenous healers and herbalists to support the function 
and treatment of diseases. In most cases, scientists have confirmed the 
veracity of traditional experience and wisdom by discovering the mechanism 
of action of these plants. Piper longum L. and Piper nigrum L. (Piperaceae) 
are used in Indian traditional medicine and as a spice globally.1 

Piperine (Fig. 7.1), an alkaloid is responsible for the pungency of  
P. nigrum L. and P. longum L.1 Piperine can be obtained from the oleoresin 
in peppercorns. Piperine consists of about 5-7 percent of peppercorns. It 
exhibits a wide variety of biological effects. 

Figure 7.1 Chemical structure of piperine.

7.2 PHARMACOLOGY
7.2.1 Antidepressant Activity 
A. In a study Song et al., investigated the antidepressant effect of piperine in 

mice exposed to chronic mild stress procedure. Repeated administration 
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of piperine for 14 days in doses of 2.5, 5 and 10 mg/kg reversed chronic 
stress, induced changes in sucrose consumption, plasma corticosterone 
level and open field activity. Furthermore, the decreased proliferation of 
hippocampal progenitor cells was ameliorated and the level of brain-
derived neurotrophic factor in hippocampus of chronic stressed mice 
was upregulated by piperine treatment.2

B. In another study, Wattanathorn et al., administered piperine to Wister 
male rats, at various doses ranging from 5, 10 and 20 mg/kg/day,  
body weight, (PO) for 4 weeks and the neuropharmacological activity 
(elevated plus maze, spontaneous locomotors behavior, forced swimming 
test, cognitive function) was determined after single, 1, 2, 3 and 4 weeks 
of treatment. The results showed that piperine during the entire dosage 
range possessed anti-depression activity and cognitive enhancing effect 
during the entire treatment duration.3

Kulkarni et al., evaluated the simultaneous administration of piperine 
(2.5 mg/kg, IP) with curcumin (20 and 40 mg/kg, IP) which resulted in 
the potentiation of antidepressant activities.4 

7.2.2 Anti-oxidant
A. Zhao et al., noted the reversal of oxidative stress and hepatorenal 

dysfunction induced by beryllium. They observed that individual 
administration of gallic acid (50 mg/kg, IP) and piperine (10 mg /kg,  PO) 
moderately reversed the altered biochemical variables, whereas the 
combination of these was found to completely reverse the beryllium-
induced biochemical alterations and oxidative stress consequences. They 
concluded that gallic acid exerts a synergistic effect when administered 
with piperine.5 

B. Nirala et al., evaluated the effect of piperine (10 mg/kg, 5 consecutive 
days, PO) individually and in combination with tiferron (300 mg/kg, 
IP) against beryllium (1 mg/kg/day, 28 days, IP) induced biochemical 
alteration and oxidative stress. They found that the combination of 
tiferron with piperine could reverse all the variables significantly 
towards the control.6 

7.2.3 Bioenhancer Activity
A. Piperine and b-carotene
Vladimir et al., studied the effect of simultaneous administration of piperine 
(5 mg) on serum concentration of b-carotene (15 mg) in healthy volunteers 
for 14 days. The results indicate that there was a significant increase  
(P < 0.0001) in serum b-carotene concentration when supplemented with 
piperine (49.8     9.6 µg/dL vs 30.9    5.4 µg/dL) compared to b-carotene 
plus placebo, respectively. There was a 60 percent increase in the area under 
curve of b-carotene plus piperine when compared with b-carotene plus 
placebo.7
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B. Piperine and thiobarbituric acid
Vijaykumar et al., studied the effect of simultaneous administration 
of piperine (0.02 g/kg, body weight) plus high-fat diet (containing  
20 percent coconut oil, 2 percent cholesterol, and 0.125 percent bile salt) 
for 10 days on levels of thiobarbituric acid reactive substances, conjugated 
dienes and activities of superoxide dismutase, catalase, glutathione 
peroxidase, glutathione-S-transferase and reduced glutathione in the liver, 
heart, kidney, intestine and aorta were observed in rats. They concluded 
that simultaneous supplementation of a high fat diet with piperine lowered 
thiobarbituric acid reactive substances, conjugated dienes and maintained 
activities of superoxide dismutase, catalase, glutathione peroxidase, 
glutathione-S-transferase and reduced glutathione near those of control 
rats. Selvendiran et al., 2005b examined the protective effect of piperine 
on DNA damage and activities of detoxifying enzyme such as glutathione 
transferase, quinone reductase and UDP- glucuronosyl transferase in lung 
cancer bearing animals induced by Benzo (a) pyrene. They observed 
that supplementation of piperine (50 mg/kg, body weight) enhanced 
the activities of detoxification enzymes and reduced DNA damage as 
determined by single cell electrophoresis.8 

C. Piperine and coenzyme Q10 
Vladimir et al., (2000) studied the relative bioavailability of 90 and 120 mg of 
coenzyme Q10 simultaneous administered with piperine (5 mg) or a placebo 
in healthy adult male volunteers in a single-dose experiment or in separate 
experiments for 14 and 21 days. The result of the single and the 14th day dose 
study indicated smaller, but no significant increase in plasma concentration 
when compared with coenzyme Q10 plus the placebo. Supplementation 
of 120 mg coenzyme Q10 with piperine for 21 days produces a statistical 
difference (P = 0.0348), approximately 30 percent greater, area under the 
plasma curve than the coenzyme Q10 plus a placebo.9 

D. Piperine and carbamazepine
Pattanaik et al., evaluated the effect of simultaneous administration of 
piperine (20 mg PO) on plasma concentration of carbamazepine (300 mg 
or 500 mg) twice daily in epileptic patients. They observed that piperine 
significantly increased the mean plasma concentrations of carbamazepine 
in both dose groups. There was a significant increase in AUC (0-12 hr)  
(P < 0.001), average C (ss) (P < 0.001), t (1\2el) (P < 0.05) and a decrease 
in K (el) (P < 0.05), in both the dose groups, whereas changes in K (a) and 
t(1\2a) were not significant. C max (P < 0.01) and t (max) (P < 0.01) were 
increased only in the 500 mg dose group.10 

E. Piperine and nevirapine
Kasibhatta et al., administered piperine or a placebo to healthy adult 
males for 6 days. On day 7 piperine or a placebo was administered with 
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nevirapine (200 mg). Blood samples were collected from 1 to 144 hr post-
dose. They postulated that the mean maximum plasma concentration, area 
under the plasma concentration-time curve from 0 hr to the last measurable 
concentration, Area Under Curve extrapolated to infinity and C (last) 
values of nevirapine were increased by approximately 120, 167, 170 and 
146 percent, respectively, when co-administered with piperine.11 

F. Piperine and curcumin

Durgaprasad et al., evaluated the effect of oral curcumin (500 mg) with 
piperine (5 mg) on the pain, and the markers of oxidative stress in patients 
with tropical pancreatitis for 6 weeks. There was a significant reduction 
in the erythrocyte malonyldialdeyde levels following curcumin therapy 
compared with a placebo, with a significant increase in glutathione 
levels. Lambert et al., (2004) reported that piperine (70.2 µM/kg, PO) 
co-administered with (–)-Epigallocatechin-3-gallate (163.8 µM/kg, PO) to 
male CF-1 mice increased the plasma C(max) and area under the curve 
by 1.3-fold compared to mice treated with Epigallocatechin-3-gallate only. 
This appears to be due to inhibiting glucuronidation and gastrointestinal 
transit.12

7.2.4 Apoptosis Inhibition 
Choi et al., demonstrated that piperine (10-100 µM) protect House Ear 
Institute-Organ of Corti-1 cells against cisplatin-induced apoptosis through 
the induction of heme oxygenase-1 expression in a dose- and time-dependent 
manner. The c-Jun N-terminal kinase pathway played an important role in 
piperine-induced heme oxygenase-1 expression.13 

7.2.5 Genotoxicity 
Selvendiran et al., revealed significant suppression (33.9-66.5 percent ) in the 
micronuclei formation induced by benzo (a) pyrene and cyclophosphamide 
which was reduced following oral administration of piperine at doses of 
25, 50 and 75 mg/kg in mice.14 

7.2.6 Immunosuppression
Neelima et al., investigated the role of piperine in cadmium induced immuno-
compromised murine splenocytes. The addition of piperine in various 
concentrations (1, 10 and 50 µg/ml) ameliorated oxidative stress markers, 
Bcl-2 protein expression, mitochondrial membrane potential, caspase-3 
activity, DNA damage, splenic B and T cell population, blastogenesis and 
cytokines. The highest dose of piperine could completely abrogate the toxic 
manifestations of cadmium and the splenic cells behaved in similar way 
as the control cells.15 
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7.2.7 Anti-platelet Activity 
Park et al., isolated four acidamides (piperine, pipernonaline, piperocta-
decalidine, and piperlongumine) from fruits of Piper longum L. and  examined 
the inhibitory effect on washed rabbit platelet aggression induced by 
collagen, arachidonic acid, platelet activating factor and thrombin. They 
showed dose dependent inhibitory activities on platelet aggression except 
for that induced by thrombin.16 

7.2.8  Anti-inflammatory Activity 
A. Sarvesh et al., demonstrated that piperine inhibits adhesion of neutrophils 

to endothelial monolayer due to its ability to block the tumor necrosis 
factor-a induced expression of cell adhesion molecules, i.e., intercellular 
adhesion molecule-1, vascular cell adhesion molecule-1 and E-selectin. 
They observed that pretreatment of endothelial cells with piperine 
blocks the phosphorylation and degradation of IkBa* by attenuating 
tumor necrosis factor-a induced IkB kinase activity.17 

B. Pradeep et al., observed that piperine at 2.5, 5 and 10 µg/ml concentra-
tion inhibited the collagen matrix invasion of B16F-10 melanoma cells 
in a dose-dependent manner. It also significantly reduced the pro-
inflammatory cytokines (such as IL-1b, IL-6, TNF-a, GM-CSF).18 

7.2.9 Antihypertensive Activity
Taqvi et al., observed that intravenous administration of piperine caused 
a dose-dependent (1 to 10 mg/kg) decrease in mean arterial pressure 
in normotensive anesthetized rats; the next higher dose (30 mg/kg) did 
not cause any further change in mean arterial pressure. Piperine, in 
vitro study on rabbit heart causes a partial inhibition of force, rate of 
contraction and coronary flow. In rabbit aortic ring, piperine inhibited 
high K+ (80 µM) precontractions and partially inhibited phenylephrine, due 
to Ca2+ channel blockade. In Ca2+ -free medium, piperine (1 to 30 µM) 
exhibited vasoconstrictor effect.19 

7.2.10 Hepatoprotective Activity
Matsuda et al., isolated piperine of ethyl acetate-soluble fraction from 
methanolic extract and concluded that piperine, dose-dependently inhibited 
increase in serum GPT and GOT levels at doses of 2.5-10 mg/kg (PO) in 
D-galactosamine induced liver toxicity in mice, and suggested that this 
inhibitory effect depended on the reduced sensitivity of hepatocytes to 
tumor necrosis factor-a.20 

*It is part of the upstream NF-kB signal transduction cascade.
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7.2.11 Anti-thyroid Activity 
A. Vijayakumar et al., concluded that when piperine (40 mg/kg) was 

simul-taneously administered with carbimazole (10 mg) for 10 days 
significant reduction in plasma lipids and lipoproteins levels occurred, 
except for high density lipoprotein, which was significantly elevated. 
Piperine supplementation also improved the plasma levels of apo A-I, 
T3, T4, testosterone, and I and significantly reduced apo B, TSH, and 
insulin to near normal.21 

B. Panda et al., administered piperine for 15 days at 0.25 and  
2.50 mg/kg/day, (PO) to adult male Swiss albino mice. They concluded 
that piperine at dose (2.50 mg/kg) lowered the serum levels of both  
the thyroid hormones, thyroxin (T4) and triiodothyronine (T3) as 
well as glucose concentrations with a concomitant decrease in hepatic  
5’D enzyme and glucose-6-phospatase (G-6-Pase) activity. However,  
no significant alterations were observed in animals treated with  
0.25 mg/kg of piperine in any of the activities studied except an 
inhibition in serum T3 concentration.22  

7.2.12 Fertility 
Enhancer Pawinee et al., evaluated the effect of piperine on the fertilization 
of eggs in female hamsters from day 1 through day 4 of the oestrous cycle 
at dose of 50 and 100 mg/kg (body weight, PO). They observed that there 
was enhancement of fertilization, 85.4   4.1 and 82.8   4.8 at doses of 50 
and 100 mg/kg, respectively at 9 hr after artificial inseminated. However, 
examination of the embryos retrieved 48 hr after artificial insemination 
revealed no difference in the stage of embryonic development.23  

7.2.13 Anti-tumor Activity 
A. Manoharan et al., investigated the chemoprotective effect of piperine  

(50 mg/kg, body weight, PO, alternate days) against 7,12-dimethylbenz[a]
anthracene (0.5 percent in liquid paraffin, three times a week for  
14 weeks) induced buccal pouch carcinoma of Syrian golden hamsters. 
They observed that piperine completely prevented the formation of 
oral carcinoma, probably due to its antilipidperoxidative and anti-
oxidant potential as well as its modulating effect on the carcinogen 
detoxification process.24  

B. Duessel et al., observed that piperine displayed an antiproliferation 
effect at 24 hr and statistically significant inhibition at 48 and 72 hr at 
100-200 µM concentration against cultured human colon cancer cells 
(DLD-1).25  

C. Wongpa et al., investigated the influence of piperine on chromosomes 
in rat bone marrow. Piperine administered to Wister male rats at dose 
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of 100, 400 and 800 mg/kg, body weight, (PO) for 24 hr then challenged 
with cyclophosphamide at a dose of 50 mg/kg, body weight, (IP). They 
demonstrated that piperine at a dose of 100 mg/kg, gave a statistically 
significant reduction in chromosomal aberrations.26 

7.2.14 Anti-asthmatic Activity
Kim et al., induced asthma in Balb/c mice by ovalbumin sensitization. 
Piperine (4.5 and 2.25 mg/kg) was orally administered 5 times a week for  
8 weeks and was found that piperine-treated groups had suppressed 
eosinophil infiltration, allergic airway inflammation and airway hyper-
responsiveness, and these occurred by suppression of the production of 
interleukin-4, interleukin-5, immunoglobulin E and histamine.27 

7.2.15 Toxicity Studies
Dogra et al., (2004) administered piperine (1.12, 2.25, and 4.5 mg/kg, 
PO) for 5 days consecutively to determine the immunotoxicity in Swiss 
male mice. They noted that piperine at 2.25 and 4.5 mg/kg caused a 
significant reduction in total leukocyte counts, increase in the percentage 
of neutrophils and suppressed the mitogenic response of B-lymphocyte 
to lipopolysaccharide. Treatment at the highest dose, however, resulted in 
significant decrease in the weight of the spleen, thymus and mesenteric 
lymph nodes, but not of peripheral lymph nodes. Since piperine at 
dose 1.12 mg/kg had no immunotoxic effect, it may be considered as 
immunologically safe “no observed adverse effect level dose”.28 

7.2.16 Miscellaneous Activities 
A. Li et al., evaluated the inhibitory effects of piperine on caries-related 

bacteria and glucan on dental plaque in vitro. They concluded that 
piperine had greater than 40 percent inhibitory effect on soluble glucan 
synthesis. Both insoluble and soluble glucan synthesis were inhibited 
by piperine.29 

B. Veerareddy et al., prepared different formulations (lipid nanospheres 
of piperine, lipid nanosphere of piperine with stearylamine, pegylated 
lipid nanospheres of piperine and evaluated them as antileishmanial in 
BALB/c mice infected with Leishmania donovani AG83, for 60 days. 
A single dose (5 mg/kg, i.v.) of piperine and different formulation 
were injected. Mice were sacrificed after 15 days of treatment with 
piperine or formulations and Leishmania donovani Unit was counted. 
They concluded that piperine reduced the parasite burden in liver and 
spleen by 38 and 31 percent after 15-day post infection, respectively. 
Lipid nanospheres of piperine reduced the parasite burden in liver and 
spleen by 63 and 52 percent respectively. Pegylated lipid nanospheres 
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of piperine reduced the parasite burden in liver and spleen by 78 and 
75 percent respectively. Lipid nanosphere of piperine with stearylamine 
reduced the parasite burden in liver and spleen by 90 and 85 percent 
respectively as compared to the control.30 

C.  Volak et al., evaluated that piperine was a relatively selective  
noncom-petitive inhibitor of CYP3A with IC50 = 5.5 +/– 0.7 µM,  
K(i) = 5.4 +/– 0.3 µM.31 Ononiwu et al., evaluated that piperine  produced 
a dose dependent (at 20 mg/kg, 22.2 percent and 142 mg/kg,  
334.6 percent) increase in gastric secreation in albino rats which may 
be due to stimulation of H2 receptors.32 
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Pharmacological Profile of  
Oxoaporphine Alkaloid, 

Liriodenine

8.1 INTRODUCTION
Liriodenine (Fig. 8.1) is an oxoaporphine alkaloid obtained from Annona 
cherimolia, Cananga odorata, Fissistigma glaucescens, Liriodendron tulipifera, 
Michelia compressa, Pseuduvaria setosa and Polyalthia sclerophylla.1,2 

Liriodenine is a relatively lesser-known alkaloid, but during the recent 
past has attracted the attention of the scientific community as diverse 
pharmacological activities have been reported. In this chapter, we have 
documented the pharmacological investigations carried out on the alkaloid. 

Figure 8.1 Structure of Liriodenine.

8.2 PHARMACOLOGY
8.2.1 Anticancer
Liriodenine, isolated from Cananga odorata, was found to be a potent inhibitor 
of topoisomerase II (EC 5.99.1.3) both in vivo and in vitro. Liriodenine 

Chapter 8
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treatment of SV40 (simian virus 40)-infected CV-1 cells caused highly 
catenated SV40 daughter chromosomes, a signature of topoisomerase    II 
inhibition. Strong catalytic inhibition of topoisomerase II by liriodenine 
was confirmed by in vitro assays with purified human topoisomerase II 
and kinetoplast DNA. Liriodenine also caused low-level protein-DNA 
cross-links to pulse-labeled SV40 chromosomes in vivo, suggesting that 
it may be a weak topoisomerase II poison. Verapamil did not increase 
either liriodenine-induced protein-DNA cross-links or catalytic inhibition 
of topoisomerase II in SV40-infected cells. This indicates that liriodenine is 
not a substrate for the verapamil-sensitive drug efflux pump in CV-1 cells.3

In a study, the effect of liriodenine on the growth and viability of human 
lung cancer cells was investigated. Liriodenine suppresses proliferation of 
A549 human lung adenocarcinoma cells in a dose- and time-dependent 
manner. Flow cytometric analysis showed that liriodenine blocked cell cycle 
progression at the G2-M phase. Induction of G2-M arrest by liriodenine 
was accompanied by reduction of G1 cyclin (D1) and accumulation of G2 
cyclin (B1). In vitro kinase activity assay demonstrated that the enzymatic 
activity of the cyclin B1/cyclin-dependent kinase 1 complex was reduced in 
liriodenine-treated cells. More importantly, incubation with liriodenine led 
to activation of caspases and apoptosis in A549 cells. The results indicate 
that liriodenine exerts potent anti-proliferative and apoptosis-inducing 
effects on human lung cancer cells.4

In yet another study, liriodenine, isolated from the leaves of Michelia 
compressa was investigated for its impact to arrest the cell cycle, production 
of nitric oxide and p53 expression in human hepatoma cell lines, including 
wild-type p53 (Hep G2 and SK-Hep-1). As evidenced by flowcytometric 
studies, liriodenine induced cell cycle G(1) arrest and inhibited DNA 
synthesis in Hep G2 and SK-Hep-1 cell lines. The p53, iNOS expression 
and intracellular NO level were markedly increased in Hep G2 cells 
after liriodenine treatment. These results demonstrate that nitric oxide 
production and p53 expression are critical factors in liriodenine-induced 
growth inhibition in human wild-type p53 hepatoma cells.5

8.2.2 Antimicrobial
8.2.2.1 Antinematode
Liriodenine methiodide prepared from liriodenine inhibited rat P. carinii 
in a culture screen using human embryonic lung cells (HEL) sheeted in  
24 well tissue culture plates. Both compounds at 1.0 µg/ml reduced P. carinii 
during the 7 days evaluation period so that on day 7 numbers of trophic 
forms were 20 percent or less of untreated control cultures and comparable 
to trimethoprim/sulfamethoxazole-treated cultures (50/250 µg/ml).6

8.2.2.2 Antimalarial
Liriodenine, isolated from the aerial part of Pseuduvaria setosa, displayed 
antituberculosis activity against Mycobacterium tuberculosis, being most 
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active at minimum inhibitory concentration (MIC) of 12.5 µg/ml. It also 
demonstrated antimalarial activity against Plasmodium falciparum with 
the 50 percent inhibitory concentration (IC50) of 2.8 µg/ml. Furthermore, 
the alkaloid was strongly cytotoxic to both epidermoid carcinoma (KB) and 
breast cancer (BC) cell lines.7

8.2.3 Cardiovascular System
8.2.3.1 Vasodilator activity

The effect of liriodenine and norushinsunine, isolated from Annona 
cherimolia, were studied in the rat aorta in order to examine their mechanism 
of action. Both alkaloids (10–7–10–4 mol/l) showed relaxant effects on the 
contractions elicited by 10–6 mol/l noradrenaline (NA) or 80 mmol/l KC1, 
however while liriodenine showed a nonspecific relaxant action on both 
spasmogens, norushinsunine was more potent on KC1-induced contraction. 
In Ca2+ -free medium, both alkaloids (0.1 mmol/l) inhibited the responses 
elicited by NA, but not those elicited by caffeine. This inhibitory action 
occurred when the alkaloids were present during the release of the Ca2+ 
internal stores or during the refilling process.8

8.2.3.2 Anti-arrhythmic activity

This study investigated whether anti-arrhythmic dose of 10–7 g/kg had 
effects on the left ventricular (LV)-arterial coupling in Wistar rats. LV 
pressure and ascending aortic flow signals were recorded to construct the 
ventricular and arterial end-systolic pressure-stroke volume relationships 
to calculate LV end-systolic elastance (Ees) and effective arterial volume 
elastance (Ea), respectively. The optimal afterload (Qload) determined 
by the ratio of Ea to Ees was used to measure the optimality of energy 
transmission from the left ventricle to the arterial system. Liriodenine 
at the dose of 10–6 g/kg produced a significant fall of 2.0 percent in  
HR and a significant rise of 5.8 percent in CO, but no significant change in 
Pes. Moreover, liriodenine administration of 10–6 g/kg to rats significantly 
decreased Ees by 8.5 percent and Ea by 10.6 percent , but did not change 
Qload. It was concluded that liriodenine at the dose of 10–7 g/kg has no 
effects on the mechanical properties of the heart, the vasculature and the 
matching condition for the left ventricle coupled to its vasculature in rats.9

8.2.3.3 Cardio protective

The present study evaluated the protection conveyed by liriodenine to 
myocardium and coronary endothelial cells under conditions of ischemia–
reperfusion and to assess the involvement of a nitric oxide (NO)-dependent 
mechanism. In the Langendorff model utilizing Sprague–Dawley rat hearts, 
the left main coronary artery was occluded for 30 min and reperfusion for 
120 min. Liriodenine (1 µM) significantly promoted the recovery of coronary 
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flow and decreased myocardial infarction compared with vehicle-treated 
hearts. The drug attenuated the reduction of endothelial reactivity and NO 
release. Liriodenine prevented eNOS reduction in serum-deprived HUVEC 
and ischemia–reperfusion hearts. The vascular and cardio-protective effects 
were reversed by NG-nitro-L-arginine methyl ester. Another Na+ and K+ 
channel blocker with similar activities as liriodenine (quinidine) failed to 
protect endothelial cells and myocytes.10

8.2.4 Central Nervous System (C.N.S)
8.2.4.1 Muscarinic receptor antagonist

Liriodenine was found to be a muscarinic receptor antagonist in guinea-
pig trachea as revealed by its competitive antagonism of carbachol  
(pA2 = 6.22 +/– 0.08)-induced smooth muscle contraction. It was slightly 
more potent than methoctramine (pA2 = 5.92 +/– 0.05), but was less potent 
than atropine (pA2 = 8.93 +/– 0.07), pirenzepine (pA2 = 7.02 +/– 0.09) 
and 4-diphenylacetoxy-N-methylpiperidine (4-DAMP, pA2 = 8.72 +/– 0.07).  
3. Liriodenine was also a muscarinic antagonist in guinea-pig ileum  
(pA2 = 6.36 +/– 0.10) with a pA2 value that closely resembled that obtained 
in the trachea. High concentration of liriodenine (300 µM) partially depressed 
the contractions induced by U-46619, histamine, prostaglandin F2 alpha, 
neurokinin A, leukotriene C4 and high K+ in the guinea-pig trachea.11

8.2.4.2 Dopaminergic

In this study, the inhibitory effects of liriodenine, on dopamine biosynthesis 
and L-DOPA-induced dopamine content increases in PC12 cells were 
investigated. Treatment of PC12 cells with 5-10 µM liriodenine significantly 
decreased the intracellular dopamine content in a concentration-dependent 
manner (IC50 value, 8.4 µM). Liriodenine was not cytotoxic toward PC12 
cells at concentrations up to 20 µM. Tyrosine hydroxylase and aromatic 
L-amino acid decarboxylase activities were inhibited by 10 µM liriodenine 
to 20-70 and 10-14 percent of control levels at 3-12 hr, respectively; Tyrosine 
hydroxylase activity was more influenced than L-amino acid decarboxylase 
activity. In addition, 10 µM liriodenine reduced L-DOPA (20-100 µM)-
induced increases in dopamine content.12
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Recent Experimental Advances 
in Hepatoprotective Potential 

of  Andrographolide

9.1 INTRODUCTION
Andrographis paniculata Nees. (Acanthaceae) is found throughout India. In 
Ayurveda, it is commonly known as Bhunimba. A. paniculata is an annual 
herb. Branches are quadrangular and dark green in color. The leaves are 
opposite each other, shortly staked, green above, pale below and pinnate. 
The flowers are small and whitish-purple in color. The fruit is a capsule 
having many seeds. The root is unbranched, contains many rootlets and 
has a gray color.1

In Ayurveda, A. paniculata is used in the treatment of jaundice, 
hepatomegaly, constipation and malaria.2-4 The whole plant is used in 
medicine and Liquid Extract Kalmegh is the official preparation.5,6

9.2 DITERPENE LACTONES OF A. PANICULATA
The herb is reported to contain diterpene lactones including, androgra-
pholide (Fig. 9.1), neoandrographolide, 14-deoxy-11-oxo andrographolide, 
14-deoxy-11, 12-oxo andrographolide, 14-deoxy andrographolide, echiodin, 
kalmeghin, homandrographolide, andrographane and andrographone.7,8 

According to official standards, the drug should not contain andrographolide 
of not less than 1 percent.9,10

Chapter 9



Recent Experimental Advances in Hepatoprotective Potential ..... 85

Figure 9.1 Structure of andrographolide.

9.3 PREVIOUS REPORTED WORK ON 
ANDROGRAPHOLIDE

A clinical study by Chaturvedi et al., reported efficacy of A. paniculata 
in infective hepatitis.11 Choudhury and Poddar reported in vivo and in 
vitro effect of andrographolide and A. paniculata extract on hepatic lipid 
peroxidation.12 Handa and Sharma reported hepatoprotective activity of 
andrographolide against carbon tetrachloride induced hepatotoxicity.13 

Rana and Avadhoot studied the hepatoprotective effect of crude  
A. paniculata against carbon tetrachloride-induced liver damage.14 Exploring 
the hepatoprotective mechanism of andrographolide, Shukla et al., reported 
choloretic effect of the same in rats and guinea pigs.15 

In a study, Visen et al., observed the protective action of andrographolide 
in rat hepatocytes against paracetamol-induced damage.16 An investigatory 
study by Trivedi and Rawal observed hepatoprotective and anti-oxidant 
activity of alcoholic extract of A. paniculata against BHC induced hepatotoxicity 
in rats.17 Kapil et al., reported antihepatotoxic effects of andrographolide, 
andrographiside and neoandrographolide on hepatotoxicity induced in mice 
by carbon tetrachloride or tert-butylhydroperoxide intoxication.18 

9.4 RECENT FINDINGS
Visen et al., studied the possible hepatoprotective effect of andrographolide 
against galactosamine induced hepatotoxicity. Andrographolide showed 
concentration dependent (1-100 µg/ml) activity against galactosamine  
(400 µg/ml) induced acute injury in isolated monkey hepatocytes, following 
48 hr of the incubation at 370 C. Andrographolide significantly increased 
the percent viability (trypan blue exclusion and oxygen uptake tests) of 
cells and was capable of preserving 90-100 percent cell integrity. The 
cellular leakage of enzymes and bile contents following incubation with 
galactosamine was significantly modulated by andrographolide treatment.19
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Singha et al., explored the active principles of A. paniculata against 
ethanol-induced toxicity in mice. The mice are pretreated intra-peritoneally 
with different doses (62.5, 125, 250, and 500 mg/kg) of body weight of 
mice of andrographolide and arabinogalactan proteins, isolated from  
A. paniculata, for 7 days and then ethanol (7.5 g/kg of body weight) was 
injected, IP Pretreatment of mice with andrographolide and arabinogalactan 
proteins at 500 mg/kg of body weight and 125 mg/kg of body weight 
respectively, minimized the toxicity in comparison to ethanol treated group 
and the results were comparable with silymarin.20 

Trivedi and coworkers investigated the effect of andrographolide on 
the hepatocellular anti-oxidant defense system and lipid peroxidation 
of controlled mice, mice treated with hexachlorocyclohexane only, and 
andrographolide + hexachlorocyclohexane. The activities of glutathione, 
glutathione reductase, glutathione peroxidase, superoxide dismutase, and 
catalase showed significant (P < or = 0.05) increases, while g -glutamyl 
transpeptidase and glutathione-s-transferase showed significant decreases 
(P < or = 0.05) in andrographolide-supplemented mice as compared with 
BHC-treated mice.21
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Profile of  Hypericin-
Napthodianthrone from 

Hypericum perforatum Linn.

10.1 NAPTHODIANTHRONES OF HYPERICUM   
PERFORATUM LINN. 

Napthodianthrones are derivatives of anthracene. The napthodianthrones 
of Hypercium perforatum includes hypericin (Fig. 10.1), pseudohypericin and 
isohypericin. The fresh plant contains protohypericin and protopseudo-
hypericin and in presence of light, are converted into hypericin and pseudo-
hypericin.1 

Figure 10.1 Structure of hypericin. 

Accroding to Newallet et al., the total amount of napthodianthrones 
ranges from 0.05-0.15 percent.1 According to Upton, the hypericin content 
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of dried flowers can be up to 1.8 percent. H. perforatum extract used in most 
of the clinical trials has been standardized to contain at least 0.3 percent 
hypericin.2 However, hypericin is now days regarded as a marker compound 
in Hypericum perforatum extracts.3

10.2 BIOSYNTHESIS OF HYPERICIN IN  
HYPERICUM ELODES

Piovan et al., investigated sepals of Hypericum elodes with electro spray 
ionization mass spectrometry (ESI-MS/MS). The sepals contain red glands 
(stipitate glands with red-colored heads). Piovan states that the occurrence 
of hypericin in red glands of Hypericum elodes strongly suggests the 
taxonomic position of the section Elodes within the genus Hypericum. He 
further states that the ability to carry out the biosynthetic pathway leading 
to the naphthodianthrone compounds, rather than the absolute amounts 
produced, should be regarded as a chemical marker of the phylogenetically 
more advanced sections of genus Hypericum.4

10.3 ANTIDEPRESSANT ACTIVITY 

10.3.1 Interaction with Cholinergic and 
s Receptors

Raffa showed that hypericin (1.0 µM) has modest affinity for muscarinic 
cholinergic receptors (49 percent) as well as s receptors (48 percent).  
s receptors are located in areas of the brain involved with the regulation 
of emotions, such as the limbic system, and a role for s receptors in the 
antidepressive action of synthetic antidepressants has been postulated.5

10.3.2 Hypericin and Monoamine Oxidase Inhibition
When tested in laboratory conditions, a virtually irreversible inhibition of 
monoamine oxidase (MAO) type A and type B was reported in rat brain 
mitochondria exposed to hypericin.6 Unable to reproduce the inhibition 
with hypericin, researchers did obtain MOAI with a Hypericum extract.7 
Tests done on hypericin (not the extract) found that it did not exhibit 
monoamine oxidase inhibition in vitro.8

10.4 ANTICANCER ACTIVITY 

10.4.1 MX-1 Human Mammary Carcinoma
Thomas examined the potential of hypericin as an agent for chemotherapy 
and for photodynamic therapy of the neoplastic disease. The model 
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systems used to test for activity were a mitochondrial succinoxidase 
enzyme activity assay, an EMT6 mouse mammary carcinoma clonogenic 
assay, and an MX-1 human mammary carcinoma antitumor assay. Parallel 
experiments were conducted in the presence and absence of light. Pure 
hypericin and acetone extracts of H. perforatum were tested for activity 
and yielded similar results. In the dark, hypericin inhibited succinoxidase 
activity in isolated mitochondrial membranes, but had no effect on EMT6 
cells or MX-1 tumors. However, photoactivated hypericin exhibited 
activity in all test systems. 

Photoactivated hypericin inhibited succinoxidase activity at µM/mg 
mitochondrial protein levels, EMT6 cell clonogenicity at µM levels, and MX-1 
relative tumor weight growth in IP and animals were dosed at 1 mg/kg body 
weight levels. Experiments designed to elucidate the mechanistic parameters 
of hypericin’s biological activity were also conducted. The results show 
that photosensitized inhibition of mitochondrial succinoxidase was drug 
dose-, light dose- and wavelength-dependent with the greatest inhibition 
occurring by 600 nm light activation. The photodynamic effect of hypericin 
on EMT6 cells was examined under hypoxic and aerobic conditions, and 
photocytotoxicity was found to be oxygen-dependent. 

These findings suggest that type I oxygen-independent photo-oxidation 
reactions do not contribute significantly to hypericin’s photodynamic 
mechanism of action. Fluorescence photomicrographs of hypericin in EMT6 
cells show that hypericin is distributed throughout the plasma and cytosolic 
membranes but is absent from the nucleus, indicating that the events which 
lead to photocytotoxicity may not involve direct damage to nuclear DNA. 

10.4.2 Glioma
Couldwell et al., investigated glioma-inhibitory activity of hypericin. 
Protein kinase C has been implicated in the formation and proliferation 
of tumors. Hypericin inhibited the growth of glioma cell lines in vitro 
and induced glioma cell death due to inhibition of Protein kinase C, as 
measured by [3H]-thymidine uptake. The glioma-inhibitory activity of 
hypericin was comparable to or greater than tamoxifen (IC50 < 10 versus 
10 µM/L, respectively). The activity was enhanced by approximately  
13 percent from exposure of hypericin to visible light.9

10.4.3 In vitro Cytotoxic and in vivo Antitumoral 
Activity

Vandenbogaerde investigated in vitro cytotoxic and in vivo antitumoral 
properties of photosensitized hypericin. In vitro studies demonstrated a 
dramatic difference in sensitivity of cell lines towards photo-activated 
hypericin using a neutral red assay. Using confocal laser microscopy it 
was shown that the cytotoxicity correlated with the cellular uptake of 
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hypericin. The in vivo antitumoral activity hypericin was tested on A431 
cell xenografts in athymic nude mice. A dose-dependent antitumoral effect 
was observed by intraperitoneal administration of hypericin in light-treated 
animals; a complete inhibition of the tumor growth was achieved from 50 µg 
(2.5 mg/kg) hypericin IP administered. The photosensitizer accumulated in 
A431 xenografts after local light irradiation. These results showed hypericin 
is a potential photochemotherapeutic agent.10

10.4.4 Clinical Study on Skin Cancer, Basal Cell 
Carcinoma and Squamous Cell Carcinoma

Alecu et al., examined the topical use of hypericin as a photodynamic anti-
cancer therapy in 19 patients with skin cancer—11 patients (median age 66) 
diagnosed with basal cell carcinoma and eight patients (ages 39-72) with 
squamous cell carcinoma, five of whom had not received prior treatments 
for their cancer. Treatment consisted of intralesional injections of hypericin 
followed with irradiation using visible light to photo-activate hypericin. 

For ethical reasons, surgery was used after the experimental therapy 
to remove residual tumor lesions and to make an assessment of possible 
impairments caused by the phototherapy. Among the squamous cell 
carcinoma patients, tumors were reduced by 33 percent after treatment 
with hypericin (40-100 µg hypericin i.l. 3-5 µ/week for 2-6 weeks) and in 
one case the treatment appeared to cause complete remission. 

One female patient showed no tumor reduction after 10 injections  
(540 µg hypericin) over 15 days into a tumor of the lower lip (30/20 µ 
10 mm in size). Analysis of the results showed that tumor reduction was 
dependent on initial tumor size and the dosage of hypericin administered. 
The analysis also revealed that in total 1,000 µg plus would be required 
in order for hypericin to reach acceptability as an alternative treatment for 
squamous cell carcinoma. 

Among the patients with basal cell carcinoma, treatment with hypericin 
(40-200 µg hypericin intralesionally, 3-5 µ/week for 2-6 weeks) resulted in 
tumor reductions of less than 10 percent to as much as 100 percent in two 
cases with complete remission. For all 11 patients, photodynamic treatment 
with hypericin represented their first therapy for cancer. All these patients 
refused follow-up surgery and 5 months later showed no sign of the cancer 
remaining or recurring. In total, these patients received from 1,500-3,000 µg 
of hypericin. The only side-effect observed was edema and erythema of a 
mild transient nature at the tumor site, which occurred in three patients 
in the basal cell carcinoma group and two in the squamous cell group.11 

10.5 ANTIVIRAL ACTIVITY 
Takahashi et al., while investigating antiretroviral activity of hypericin 
and pseudohypericin found that both specifically inhibited protein  
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kinase C with IC50 values 1.7 µg/ml and 15 µg/ml, respectively, and  
show antiproliferative activity against mammalian cells. The data suggested 
that antiretroviral activity of hypericin and pseudohypericin could be 
attributable to the inhibition of some phosphorylation involved by protein 
kinase C during viral infection of cells.12

10.5.1 Clinical Studies on Antiviral Activity of 
Hypericin

A. Mcauliffe et al., described a phase I study of intravenous dosed synthetic 
hypericin. HIV-infected patients with less than or equal to 300 CD4 cells 
were eligible for enrollment. Patients received intravenous hypericin at 
0.25 or 0.5 mg/kg BIW or 0.25 mg/kg thrice a day; with assessments of 
toxicity, pharmacokinetic and antiviral activity. Four patients received 
a single oral dose. Twenty five patients received hypericin from 1 to  
24 weeks. Phototoxicity developed in all patients, varied in severity, 
and was dose limiting at 0.5 mg/kg twice a day. 

 Pharmacokinetic showed an area under the curve of 26.0 +/– 5.0  
(Mean +/– SD) and 53.7 +/– 27.2 +/– µg/hr/ml at intravenous doses 
of 0.25 and 0.5 mg/kg, respectively; peak levels were 4.2 +/– 1.1 and  
7.7 +/– 2.0 µg/ml and fell below 1 µg/ml at 5 and 11 hr. Elimination 
half lives were 23.7 +/– 7.3 and 35.3 +/– 9 hours (P > 0.1). Oral bio-
availability was 22.3 +/– 7.7 percent. A consistent change in antiviral 
endpoints was not seen with intermittent IV dosing. Intravenous dosing 
of hypericin yields dose-limiting cutaneous phototoxicity of variable 
severity. Pharmacokinetic data predict chronic oral dosing should 
achieve sustained blood levels in an anti-retroviral range.13

B. Vonsover et al., investigated the antiretroviral efficacy of long term 
therapy with plant derived hypericin on p24 antigen and on viral 
load in AIDS patients. Eighteen seropositive symptomatic individuals 
received monotherapy with plant derived hypericin [intravenous  
1 × 2 ml weekly plus 6 × 2 hypericum perforatum tablets per day] for 
periods ranging between 48-72 months. Plasma viral RNA loads were 
monitored using Nucleic Acid Amplification Assay (NASBA, Organon-
Teknika), and p24 antigen with an HIV-1 Antigen Base Dissociation 
Assay (Organon-Teknika); they were followed during 40 months of 
therapy. 

 Among the 18 participants, 33 percent had measurable, pretreatment 
concentrations of serum p24 antigen, one became positive after  
24 months and twelve remained p24 antigen negative throughout the 
follow-up period. Four patients exhibited significant long term declines 
in p24 antigen levels; the levels remained unchanged in two others. 
HIV-1 RNA was detected in 83 percent of the patients with a mean of 
maximal RNA load of 5.33 and 5.00 log 10 copies/ml in p24 antigen-
positive or negative patients respectively. 
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 A substantial decline in viral load (from 5.0 to 4.23 log 10 copies/ml) was 
observed in most of the p24 antigen positive and negative individuals. 
In some patients an increase in virus load was observed throughout a 
three year treatment period without effect on the clinical conditions of 
viral CMV, herpes or EBV complications being encountered.14

C. Gulick et al., treated 30 HIV-positive patients with synthetic hypericin 
0.25 or 0.5 mg/kg intravenous(i.v.) twice weekly or 0.25 mg/kg i.v.  
3 µ/week, or 0.5 mg/kg/day PO for 8 weeks). Owing to phototoxic 
effects, only 14 patients completed the study. No significant change was 
found in CD4 cell counts, HIV p24 antigen levels, or HIV RNA copies, 
and out of 23 patients available for evaluation, 11 developed severe 
cutaneous phototoxicity, including all who received oral hypericin.15

10.6 IMMUNOSUPPRESSIVE ACTIVITY 
Panossian et al., examined the effects of hypericin on the release of inflam-
matory mediators by human immune system cells. At low concentrations 
(IC50 4-8 M), hypericin significantly and dose dependently inhibited the 
release of arachidonic acid and, as a result, of leukotriene B4. The authors 
found that hypericin strongly inhibited interleukin-1 a, possibly by way of 
inhibiting protein kinase C. However, an extract of St. John’s wort proved 
far stronger than hypericin at inhibiting the release of interleukin-1 a and 
leukotriene B4. The inhibition of the mediator, results in a quelling of the 
inflammatory response (immunosuppression), and that apparently besides 
hypericin, other active constituents are involved.16

10.7 PHARMACOKINETICS OF HYPERICIN 
Stock and Holzl tested a radioactive isotope of hypericin in mice and 
humans. The maximum blood level was at 6 hr. The blood level at 3.5 hr 
was 0.2 percent of the dose and at 8 hr was 1.9 percent of the initial dose.17

Kerb et al., investigated single-dose and steady-state pharmacokinetics 
of hypericin and pseudohypericin in 13 healthy volunteers by administration 
of Hy. perforatum (extract LI 160). Oral administration of 250, 750, and  
1,500 µg of hypericin and 526, 1,578, and 3,156 µg of pseudohypericin 
resulted in median peak levels in plasma (Cmax) of 1.3, 7.2, and 16.6 µg/l 
for H and 3.4, 12.1, and 29.7 µg/l for pseudohypericin, respectively. The 
Cmax and the area under the curve values for the lowest dose were 
disproportionally lower than those for the higher doses. A lag time of 1.9 hr 
for H was remarkably longer than the 0.4 hr lag time for pseudohypericin. 

Median half-lives for absorption, distribution, and elimination were 0.6, 
6.0, and 43.1 hr after 750 µg of hypericin and 1.3, 1.4, and 24.8 hr after  
1,578 µg of pseudohypericin, respectively. A fourteen-day treatment with 
250 µg of hypericin and 526 µg of pseudohypericin three times a day 
resulted in median steady-state trough levels of 7.9 µg/l for hypericin 
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and 4.8 µg/l for pseudohypericin after 7 and 4 days, respectively; the 
corresponding Css, max levels were 8.8 and 8.5 µg/l, respectively. 

Kinetic parameters after intravenous administration of Hypericum 
extract (115 and 38 µg for hypericin and pseudohypericin, respectively) in 
two subjects corresponded to those estimated after an oral dosage. Both 
hypericin and pseudohypericin were initially distributed into a central 
volume of 4.2 and 5.0 l, respectively. The mean distribution volumes at 
steady state were 19.7 l for hypericin and 39.3 l for pseudohypericin, 
and the mean total clearance rates were 9.2 ml/min for hypericin and 
43.3 ml/min for pseudohypericin. The systemic availability of hypericin 
and pseudohypericin from LI 160 was roughly estimated to be 14 and  
21 percent, respectively. Treatment with extract of Hypericum perforatum, 
even in high doses, was well tolerated.18
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Hyperforin-Acylpholoroglucinol 
with Significant Antidepressant 

Potential

11.1 ACYLPHOLOROGLUCINOLS OF  
HYPERICUM PERFORATUM LINN. 

According to Erdelmeier, acylphloroglucinols are found in fresh herbs of 
H. perforatum.1 The main acylphloroglucinol is hyperforin and is highly 
lipophilic, very photo- and oxygen-labile compound (Fig. 11.1). When 
exposed to air and light, hyperforin degrades rapidly. Hyperforin is soluble 
in DMSO and organic solvents. 

Figure 11.1 Structure of hyperforin.

Maisenbacher and Kovar, reported adhyperforin (Fig. 11.2) from  
H. perforatum.2

Chapter 11
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Figure 11.2 Structure of adhyperforin.

According to Wagner and Bladt, wild crafted H. perforatum from 
Germany, dried at 30°C, was found to contain 2.8 percent hyperforin.3 
Rucker et al., reported a new compound containing a hyperforin and 
a sesquiterpene moiety from leaves and stems of Hypericum perforatum. 
Chatterjee et al., explained that if H. perforatum is extracted with supercritical 
carbon dioxide, higher amount of hyperforin can be obtained.4 

11.2 BIOSYNTHESIS OF HYPERFORIN
Adam et al., investigated the biosynthesis of hyperforin in H. perforatum. The 
process involves five isoprenoid units, which comes from the deoxyxylulose 
pathway. The phloroglucinol originates via polyketide pathway.5 Verotta 
see acylphloroglucinols have a common 1,3,5-trihydroxy-benzene core 
of polyketide origin and as lead compounds for pharmacotherapy of 
degenerative disorders.6

11.3 ANTIDEPRESSANT ACTIVITY 

11.3.1 Comparative Study of Two H. perforatum 
Extracts (Difference in Hyperforin Content) 

Laakmann et al., in a randomized, double-blind, placebo-controlled, 
multicenter study, investigated the clinical efficacy and safety of two 
different extracts of H. perforatum. The manufacturing process for the two 
Hypericum preparations was identical, so that they differed only in their 
hyperforin content. The study included 147 male and female outpatients 
suffering from mild or moderate depression according to DSM-IV criteria. 
Following a placebo run-in period of three to seven days, the patients were 
randomized to one of three treatment groups—During the 42-day treatment 
period, they received 3 × 1 tablets of either placebo, H. perforatum extract 
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WS 5573 (300 µg, with a content of 0.5 percent hyperforin), or H. perforatum 
extract WS 5572 (300 µg, with a content of 5 percent hyperforin). 

The efficacy regarding depressive symptoms was assessed on days 0, 
7, 14, 28, and 42, using the Hamilton Rating Scale for Depression (HAMD, 
17-item version) and the Depression Self-Rating Scale (D-S) according to 
von Zerssen. In addition, the severity of illness was also rated by the 
investigators on days 0 and 42 using the Clinical Global Impression (CGI) 
scale. The last observation of patients withdrawn from the trial prematurely 
was carried forward. At the end of the treatment period (day 42), patients 
receiving WS 5572 (5 percent hyperforin) exhibited the largest HAMD 
reduction versus day 0 (10.3 +/– 4.6 points; mean +/– SD), followed by the 
WS 5573 group (0.5 percent hyperforin; HAMD reduction 8.5 +/– 6.1 points) 
and the placebo group (7.9 +/– 5.2 points). As regards the change in the 
HAMD total score between day 0 and treatment end and its relationship 
to the hyperforin dose, a significant monotonic trend was demonstrated 
in the Jonckheere-Terpstra test (P = 0.017). In pairwise comparisons,  
WS 5572 (5 percent hyperforin) was superior to the placebo in alleviating 
depressive symptoms according to HAMD reduction (Mann-Whitney U-test: 
P = 0.004), whereas the clinical effects of WS 5573 (0.5 percent hyperforin) 
and the placebo were descriptively comparable. The results show that the 
therapeutic effect of H. perforatum in mild to moderate depression depends 
on its hyperforin content.7

11.3.2 Inhibition of the Neurotransmitters by 
Hyperforin

A. Wonnermann et al., explained a new mechanism for antidepressant 
action of H. perforatum while investigating the possible role of hyperforin 
in antidepressant activity. The researchers using a standardized extract 
of H. perforatum (LI 160) demonstrated that the extract not only inhibits 
the uptake of serotonin, or epinephrine, dopamine, but also inhibits 
gamma amino butyric acid and L-glutamate. The uptake inhibition of 
hyperforin was compared with that of Na(+)-ionosphere monoensin 
and ouabain. In the presence of amiloride and MIA (non-selective 
inhibitors of Na(+)/H(+) antiporters and Na(+)-channels), benzamil 
(Na(+) channel blocker) and EIPA (inhibitor of Na(+)/H(+) exchangers), 
they proved reduced gamma amino butyric acid and L-glutamate by 
hyperforin. On the other hand, monoesin or ouabain inhibition were 
not affected. Thus they concluded that hyperforin inhibits serotonin 
uptake by elevating free intracellular Na(+).8

B. Muller et al., suggested that hyperforin not only inhibits the neuronal 
uptake of serotonin, norepinephrine and dopamine like many other 
antidepressants, but also inhibits gamma-amino butyric acid and 
L-glutamate uptake. This broad-spectrum effect is obtained by an 
elevation of the intracellular Na(+) concentration. It is probably due 
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to activation of sodium conductive pathways (not yet established but 
most likely ionic channels). The study claimed hyperforin as the first 
member of a new class of compounds with a preclinical antidepressant 
profile having a novel and distinct mechanism of action.9

11.3.3 Physicochemical Interaction of Hyperforin 
with Specific Membrane Structures 

Eckert and Muller claimed that hyperforin affects several ionic conductance 
mechanisms in brain cells although the mechanism of action is still is 
awaited. The study showed the effects of hyperforin on the fluidity of 
crude brain membranes from young guinea pigs. Fluidity measurements 
were performed with three different fluorescent probes. Diphenylhexatriene 
and trimethylammonium-diphenylhexatriene anisotropy measurements 
were inversely correlated with the flexibility of fatty acids in the membrane 
hydrocarbon core and in the hydrophilic area of membrane phospholipids, 
respectively. The ratio of pyrene excimer to monomer fluorescence intensities 
was used as an indicator of membrane annular and bulk fluidity. 

Incubation of brain membranes with relatively high concentrations 
of hyperforin sodium salt (10 µM/l) resulted in increased diphenylhexa-
triene and decreased trimethylammonium-diphenylhexatriene anisotropy, 
respectively, indicating that hyperforin modifies specific membrane 
structures in different ways. It decreases the flexibility of fatty acids in 
the membrane hydrocarbon core, but fluidizes the hydrophilic region of 
membrane phospholipids. Interestingly, relatively low concentrations of 
hyperforin (0.3 µM/l) significantly decreased the annular fluidity of lipids 
close to membrane proteins.10

11.3.4 Similarity in Action of Fluoxetine and 
Hyperforin

Hoye et al., determined if fluoxetine had similar effects on glutamate 
reuptake inhibition as hyperforin. Effects of the known glutamate 
reuptake inhibitor, aminocaproic acid were examined in order to establish 
a framework through which to compare the effects of selective serotonin 
reuptake inhibitors on glutamate reuptake inhibition. Fluoxetine exhibited 
the largest increase in duration, hyperforin showed the smallest increase, 
and the combination of fluoxetine and hyperforin exhibited an increase 
in EPSP duration that was between that of the two Selective Serotonin 
Reuptake Inhibitors (SSRIs) alone. It was concluded that fluoxetine had a 
greater effect on the reuptake inhibition of glutamate than hyperforin. An 
unexpected result came when fluoxetine and hyperforin were used together 
in that the averaging affect of the two chemicals presents that possibility 
that combining these two drugs is safer than using fluoxetine alone, in 
regards to glutamate reuptake inhibition.11
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11.4 COGNITIVE (ANTI-AMNESIC) AND 
NEUROPROTECTIVE ACTIVITIES 

11.4.1 Cognitive
Klusa et al., evaluated effect of H. perforatum extract and sodium salt of 
hyperforin in rat avoidance test. In a conditioned avoidance response test 
on rats, oral daily administration of hyperforin (1.25 mg/kg/day) or of 
the extract of H. perforatum (50 mg/kg/day) before the training sessions 
significantly improved learning ability from the second day onward until 
day seven. The memory attained during seven days of treatment was 
retained for nine days without further treatment. In a passive avoidance 
response test, a single oral dose of hyperforin not only resulted in improved 
memory acquisition but completely reversed scopolamine induced amnesia. 
Single dose of H. perforatum extract (50 mg/kg/day) did not produce 
significant effect in passive avoidance test in the animals.12

11.4.2 Neuroprotective
In the work of Dinamarca et al., the effect of hyperforin on Abeta-induced 
spatial memory impairments and on Abeta neurotoxicity was determined. 
Hyperforin decreased amyloid deposit formation in rats injected with amyloid 
fibrils in the hippocampus; decreased the neuropathological changes and 
behavioral impairments in a rat model of amyloidosis; and prevented Abeta-
induced neurotoxicity in hippocampal neurons both from amyloid fibrils 
and Abeta oligomers, avoiding the increase in reactive oxidative species 
associated with amyloid toxicity. The evidence suggests that hyperforin may 
be useful to decrease amyloid burden and toxicity in Alzheimer’s patients, 
and may be a putative therapeutic agent to fight the disease.13

Hyperforin has been shown to have neuroprotective effects against 
Alzheimer’s disease neuropathology, including the ability to disassemble 
amyloid-beta aggregates in vitro, decrease astrogliosis and microglia 
activation, as well as improve spatial memory in vivo.14

11.4.3 N-methyl-D-aspartate Antagonistic
Kumar et al., reported that hyperforin also has N-methyl-D-aspartate-
antagonistic effects. Hyperforin (10 µM) was found to inhibit the N-methyl-
D-aspartate-induced calcium influx into cortical neurons. In rat hippocampal 
slices, hyperforin inhibited the N-methyl-D-aspartate-receptor-mediated 
release of choline from phospholipids. Hyperforin also antagonized the 
increase of water content in freshly isolated hippocampal slices, and it 
counteracted, at 3 and 10 µM, the increase of water content induced by 
N-methyl-D-aspartate. Hyperforin was inactive, however, in two in vivo 
models of brain edema formation, middle cerebral artery occlusion and 
water intoxication in mice.15
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11.4.4 Antidementia
Cepra et al., reported effect of hyperforin derivative (IDN5706, 
tetrahydrohyperforin), a semi-synthetic derivative of the H. perforatum, on 
the brain neuropathology, learning and memory in a double transgenic 
(APPswe, PS-1dE9) mouse model of Alzheimer’s disease. Results indicate 
that, IDN5706 alleviates memory decline induced by amyloid-beta (Abeta) 
deposits as indicated by the Morris water maze paradigm. Moreover, the 
analysis of Abeta deposits by immunodetection and thioflavin-S staining 
of brain sections, only reveals a decrease in the frequency of the larger-size 
Abeta deposits, suggesting that IDN5706 affected the turnover of amyloid 
plaques. Immunohistochemical analysis, using GFAP and n-Tyrosine 
indicated that the hyperforin derivative prevents the inflammatory astrocytic 
reaction and the oxidative damage triggered by high Abeta deposit levels.16

11.5 ANXIOLYTIC ACTIVITY 
Zanoli et al., investigated pharmacological activity of hyperforin acetate. 
In the forced swimming test, triple administration of hyperforin resulted 
in significant reduction in immobility time of rats. In the light-dark test, 
hyperforin acetate demonstrated anxiolytic effect but smaller as compared 
to diazepam. Hyperforin acetate demonstrated muscle relaxant activity as 
evident from reduced locomotion in rats. Acute as well as repeated doses 
of hyperforin acetate did not altered pentobarbital sleeping time in rats.17 

11.6 ANTITUMOUR ACTIVITY
Schempp et al., reported inhibition of tumor cell growth by hyperforin. The 
effect of hyperforin was analyzed in a range of human and rat tumor cell lines 
in vivo and in vitro. Hyperforin inhibited human and rat tumor cell growth 
(IC50 3-15 µM). Hyperforin resulted in a dose-dependent generation of 
apoptotic oligonucleosomes, typical DNA–laddering and structural changes 
characteristic of apoptosis. In a breast cancer cell line (MT-450), hyperforin 
increased the activities of enzymes caspase 9 and caspase 3. 

In MT-450 cells, hyperforin caused damage to mitochondria. Furthermore 
hyperforin caused the release of cytochrome C from isolated mitochondria. 
When hyperforin was compared with paclitaxel in vivo, both inhibited 
growth of MT-450 cells in rats. However hyperforin showed no signs of 
acute toxicity.18 

11.7 ANTI-INFLAMMATORY ACTIVITY
Isabella et al., tested whether hyperforin while inhibiting leukocyte elastase 
activity, might also be effective in containing both polymorphonuclear 
neutrophil leukocyte recruitment and unfavorable eventual tissue responses. 
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The results show that, without affecting in vitro human polymorphonuclear 
neutrophil viability and chemokine-receptor expression, hyperforin (as 
stable dicyclohexylammonium salt) was able to inhibit in a dose-dependent 
manner their chemotaxis and chemoinvasion (IC50 = 1 µM for both); this 
effect was associated with a reduced expression of the adhesion molecule 
CD11b by formyl-Met-Leu-Phe-stimulated neutrophils and block of leukocyte 
elastase-triggered activation of the gelatinase matrix metalloproteinase-9. 
Polymorphonuclear neutrophil-triggered angiogenesis is also blocked by 
both local injection and daily IP administration of the hyperforin salt in 
an interleukin-8-induced murine model.19 

11.8 SCOPE OF HYPERFORIN IN 
DERMATOLOGICAL RESEARCH

Hyperforin has recently been identified as a specific transient receptor 
potential (TRPC6) activator, Müller investigated the contribution of TRPC6 
to keratinocyte differentiation and proliferation. Like the endogenous differ-
entiation stimulus high extracellular Ca(2+) concentration ([Ca(2+)](o)), 
hyperforin triggers differentiation in HaCaT cells and in primary cultures 
of human keratinocytes by inducing Ca(2+) influx via TRPC6 channels 
and additional inhibition of proliferation. Knocking down TRPC6 channels 
prevents the induction of Ca(2+)- and hyperforin-induced differentiation. 
More important, TRPC6 activation is sufficient to induce keratinocyte 
differentiation similar to the physiological stimulus [Ca(2+)](o). Therefore, 
TRPC6 activation by hyperforin may represent a new innovative 
therapeutic strategy in skin disorders characterized by altered keratinocyte 
differentiation.20 

11.9 ALCHOLISM AND HYPERFORIN 
Perfumi et al., compared the effect on ethanol intake in alcohol-preferring 
rats of two Hypericum perforatum extracts—a methanolic extract containing 
0.3 percent hypericin and 3.8 percent hyperforin (HPE1) and a CO2 extract 
(HPE2) with 24.33 percent hyperforin and very low hypericin content. 
Freely feeding and drinking rats were offered 10 percent ethanol 2 hr/day  
and HPE were given intragastrically 1 hr before access to ethanol. Both 
extracts dose-dependently reduced ethanol intake, HPE2 being about 
eight times more potent than HPE1. Food and water intakes were not 
affected by doses that reduced ethanol intake. HPE2, unlike HPE1, reduced 
blood-alcohol levels (BAL) at doses of ≥ 31.2 mg/kg, whereas the dose of  
15.6 mg/kg, which reduced ethanol intake, did not significantly modify 
BAL; blood-acetaldehyde levels were not increased. 

Intraperitoneal pretreatment with the sigma-1 receptor antagonist 
NE-100 (0.25 mg/kg) did not affect inhibition of ethanol intake induced 
by HPE1 (250 mg/kg) or HPE2 (125 mg/kg), but stopped the effect of 
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both extracts in the FST. The results indicate that HPE2 inhibits ethanol 
intake more potently than HPE1; the higher potency of HPE2 parallels the 
hyperforin content, suggesting that hyperforin may have an important role 
in reducing ethanol intake.21 

11.10 PHARMACOKINETICS 
Biber et al., investigated the pharmacokinetics of hyperforin in healthy 
volunteers. After administration of a 300 mg tablet of extract of  
H. perforatum containing 14.8 mg hyperforin, a maximum plasma level of 
approximately 150 µg/ml (280 µM) hyperforin was reached after 3.5 hr. 
The oral bioavailability of hyperforin in doses up to 30 mg (i.e. 600 mg  
St. John’s wort extract) was high. The half-life of hyperforin was 9 hr and 
the mean residence time 12 hr. No accumulation of hyperforin occurred 
with repeated dosing. Estimated steady state plasma concentrations with 
3 × 300 mg extract per day were approximately 100 µg/ml or 180 µM.22

Cui et al., investigated in vitro metabolism profile of hyperforin 
using liver microsomes from male and female Sprague-Dawley rats, with 
or without induction by phenobarbital or dexamethasone. Four major 
Phase I metabolites, called 19-hydroxyhyperforin, 24-hydroxyhyperforin, 
29-hydroxyhyperforin and 34-hydroxyhyperforin, were isolated by high 
performance liquid chromatography and identified by mass spectrometry 
and NMR. Results suggest that hydroxylation is a major biotransformation 
of the hyperforin pathway in rat liver and that inducible cytochrome  
P450 3A (CYP450 3A) and/or CYP2B may be the major cytochrome  
P450 isoforms catalyzing these hydroxylation reactions.23

11.11 DRUG INTERACTIONS
Cantoni et al., reported that hyperforin contributes to the hepatic CYP3A-
inducing effect of H. perforatum extract in the mouse. A hydroalcoholic extract 
containing 4.5 percent hyperforin was given at a dose of 300 mg/kg b.i.d. for 

4 and 12 days. Hyperforin, its main phloroglucinol component, was given as 
dicyclohexylammonium salt (18.1 mg/kg, b.i.d.) on the basis of its content 
in the extract, to ensure comparable exposure to hyperforin. The extract 
increased hepatic erythromycin-N-demethylase activity, which is cytochrome 
P450 enzyme (CYP) 3A-dependent, about 2.2-fold after four days of dosing, 
with only slightly greater effect after 12 days (2.8 times controls). Hyperforin 

also increased erythromycin-N-demethylase activity within four days, 
almost the same extent as the extract (1.8 times the activity of controls), 
suggesting that it behaves qualitatively and quantitatively like the extract as 
regards induction of CYP3A activity. This effect was confirmed by Western 
blot analysis of hepatic CYP3A expression. Exposure to hyperforin at the 
end of the four days’ treatment was still similar to that with extract of  
H. perforatum, although it was variable and lower than after the first dose 
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in both cases, further suggesting that hyperforin plays a key role in CYP3A 
induction by the extract of H. perforatum in the mouse. Standardization of 
the extracts based on the hyperforin content can be proposed for further 
evaluation of their potential action on first-pass metabolism and clearance 

of co-administered CYP3A substrates.24

Watkins et al., in a study showed that hyperforin induces the expression 
of numerous drug metabolisms and excretion genes in primary human 
hepatocytes. Researchers determined the crystal structure of hyperforin 
in complex with the ligand binding domain of human PXR. Hyperforin 
induces conformational changes in PXR’s ligand binding pocket relative 
to structures of human PXR elucidated previously and increases the size 
of the pocket by 250 A(3). It was found that the mutation of individual 
aromatic residues within the ligand binding cavity changes PXR’s response 
to particular ligands. Together, these results demonstrate that PXR uses 
structural flexibility to expand the chemical space it samples and that the 
mutation of specific residues within the ligand binding pocket of PXR tunes 
the receptor’s response to ligands.25
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Survey of  Indian Medicinal 
Plants for Alkaloids and 

Pharmacology

12.1 INTRODUCTION 
Herbal drugs constitute a major share of all the officially recognized systems 
of health in India viz. Ayurveda, Yoga, Unani, Siddha, Homeopathy and 
Naturopathy, except for Allopathy.1 India is one of the 12 mega diversity 
countries in the world so it has a vital stake in conservation and sustainable 
utilization of its biodiversity resources. Plant secondary metabolites have 
been of interest to man for a long time due to their pharmacological 
relevance.2

Indian medicinal plants have been studied for pharmacological activity 
in recent years. To understand the mechanism of action, researchers worked 
at molecular levels and several significant phytochemicals have been 
isolated. The present chapter compiles data on promising phytochemicals 
from Indian medicinal plants that have been tested in various disease 
models using modern scientific methodologies and tools.3

India is endowed with a rich variety of medicinal plants. Several useful 
drugs have been isolated from Indian medicinal plants, predominantly 
alkaloids. Sterneur isolated morphine from Papaver somniferum Linn. (opium 
poppy) and showed the medical profession that certain phytochemicals 
produced in plant cells are responsible for pharmacological activity. 

Later other alkaloids isolated from opium poppy were investigated 
for their pharmacological activities. Codeine showed antitussive activity 
and papaverine antispasmodic activity. Opium based extracts have been 
used for various pharmacological activities, and a number of alkaloids 
distributed in the plant have different pharmacological activities.4

Chapter 12
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The chapter is dedicated to studies done on alkaloids reported from 
Indian medicinal plants. With revised interest in traditional medicine, 
scientists are looking for cost effective and potent remedies from medicinal 
plants. Scientific information on medicinally useful chemical constituents 
of medicinal plants in scattered and there is urgent need to assemble it at 
one point. 

12.2 MATERIALS AND METHODS
The keywords for the present chapter are alkaloid, stereochemistry, 
pharmacology and Indian Medicinal Plants (IMP). The search was done 
using Google, Pub Med, Ayush Health portal, Annotated Bibliography 
of Indian Medicine (ABIM) and data bank on Indian Medicinal Plants 
maintained by department of Central Council for Research in Ayurveda 
and Siddha (CCRAS) updated until January, 2013. Standard periodicals 
and books (including ancient Materia Medica) on Indian Medicinal Plants 
were consulted for cross-reference of data generated from search engines 
mentioned above. Alkaloids were classified according to their action human 
systems. 

12.3 RESULTS 
12.3.1 Antimicrobial
Imidazole alkaloid, chaksine (Fig. 12.1), isolated from Cassia absus Linn. 
(Fabaceae) has antibacterial activity.5 In a test for antifungal activity, 
chaksine iodide at 0.5 percent inhibited all fungi tested.6 Isochaksine has 
similar activities to chaksine but generally at higher doses.7 Ditamine or 
ditanin an alkaloid present in Alstonia scholaris (L.) R.Br. (Apocynaceae) 
is reported to be antimalarial. Ditamine possesses antiperiodic properties 
equal to the best quinine sulfate.8

Figure 12.1 Structure of chaksine.
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A new carbazole alkaloid, clausenol (Fig. 12.2), isolated from an alcoholic 
extract of the stem bark of Clausena anisata (Willd) Hook (Rutaceae) was found 
to be active against Gram-positive and Gram-negative bacteria and fungi.9

Figure 12.2 Structure of clausenol. 

12.3.2 Digestive System
12.3.2.1 Antidiarrheal

Antidiarrheal activity of piperine, the principle alkaloid of Piper longum 
and Piper nigrum L. (Piperaceae) was investigated against diarrhea induced 
by castor oil, magnesium sulfate and arachidonic acid in rats. Piperine  
(Fig. 4.3) significantly inhibited diarrhea produced by the above laxatives 
and aperients at a dose of 8 and 32 mg/kg PO dose. Piperine inhibited 
castor oil induced enter pooling explaining prostaglandin inhibiting effect.10 

12.3.2.2 Hepatoprotective

Leaf extract of Ricinus communis L. (Euphorbiaceae) was evaluated for 
hepatoprotective, choleretic and anticholestatic activity. In a preliminary test 
with albino rats, an ethanol extract showed significant protection against 
galactosamine-induced hepatic damage. It also showed dose-dependent 
choleretic and anticholestatic activity, and hepatoprotective activity as judged 
by hepatocytes isolated from paracetamol-treated rats. On fractionation of 
the ethanol extract, maximum activity was localized in the butanol fraction. 
Subsequent chromatographic fractionation and testing in the galactosamine 
model led to the isolation of two active fractions, which in turn yielded two 
pure compounds: ricinine (Fig. 12.3) and N-demethyl-ricinine.11

Figure 12.3 Structure of ricinine.

12.3.3 Respiratory System
12.3.3.1 Bronchodilator

Saussurine, an alkaloid isolated from Saussurea lappa (Decne.) C.B. Clarke 
(Asteraceae) is a potent bronchodilator.12 It has depressant action on the 
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involuntary muscle fibers of the bronchioles and gastrointestinal tract. 
Saussurine tartrate has been shown to produce definite relaxation of the 
bronchioles in the same way as adrenaline.13 Aegeline, an alkaloid of Aegle 
marmelos has been reported to be useful in bronchial asthma.14 

Moringine (Fig. 12.4) from Moringa olifera Lam. (Moringaceae) is reported 
to be a cardiac stimulant. It has a bronchodilator, depressant action on 
smooth muscle fibers and an inhibitory effect on the tone and movements 
of the intestine in rabbits and guinea pigs. Experiments conducted with 
tylophorine (Fig. 12.5), a phenanthroindalizidine alkaloid, present in 
Tylophora asthmatica (L.f.) Wight & Arn. (Asclepiadaceae) in various animal 
models have shown significant anti-inflammatory, anti-anaphylactic and 
anti-spasmodic activities. Bronchodilator activity of Tylophora asthmatica is 
attributed to tylophorine.15 

                                                                               
Figure 12.4 Structure of moringine.     Figure 12.5 Structure of tylophorine.

12.3.3.2 Mast cell stabilizer

Lycoriside, at lower concentrations (1-20 µg/ml), in vitro, produced 
statistically significant protection against Tween 80-induced degranulation, 
as also to sensitized mast cells challenged with an antigen (horse serum). It 
also provided protection against the compound 48/80-induced degranulation 
of mast cells when administered in vivo in a dose of 1-5 mg/kg, PO.16 

12.3.4 Cardiovascular System
12.3.4.1 Cardiac tonic

Aegeline is reported to have a cardiac tonic activity. Saussurine has a positive 
inotropic action on the heart muscle.17 The hydrochloride of alkaloid, 
evolvine present in Evolvulus alsinoides Linn. (Convolvulaceae) was reported 
to exhibit lobeline-like action on the cardiovascular system. In cats, the drug 
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demonstrated sympathomimetic activity. Blood pressure remained elevated 
for a longer duration as compared to adrenaline. Increase in peripheral 
pressure was observed on local injection of the drug.18 Moringine is reported 
to be cardiac stimulant.4

12.3.4.2 Hemostatic 

Achilleine, an alkaloid Achillea millefolium L. (Asteraceae) is considered to 
be active hemostatic. It reduces blood-clot in rabbits.19

12.3.5 Central Nervous System 
12.3.5.1 Analgesic 

Cerpegin (Fig. 12.6), a novel furopyridine alkaloid isolated from the 
plant Cerpegia juncea Roxb. (Asclepiadaceae) was subjected to various 
pharmacological investigations. A dose-related analgesic effect was observed 
in mice. Cerpegin did not produce any autonomic or behavioral changes 
up to a dose of 200 mg/kg but doses of more than 400 mg/kg produced 
excitation and later convulsions in mice.20 Total alkaloids of E. alba. have been 
reported to have significant analgesic activity in all the different models of 
analgesia used.21 

Figure 12.6 Structure of cerpegin.

12.3.5.2 Anti-inflammatory 

Premnazole (Fig. 12.7), an isoxazole alkaloid isolated from Premna  
integrifolia L. and Gmelina arborea L. (Verbenaceae) demonstrated significant 
anti-inflammatory activity in reducing cotton pellet-induced granuloma 
formation in rats. The anti-inflammatory activity was comparable to that 
of phenylbutazone.22 

Figure 12.7 Structure of premnazole.

The water-soluble alkaloid, achyranthine isolated from Achyranthes 
aspera L. (Amaranthaceae) was screened for its anti-inflammatory and 
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anti-arthritic activity against carrageenin-induced foot oedema, granuloma 
pouch, formalin induced arthritis and adjuvant arthritis in rats. It showed 
significant anti-inflammatory activity in all the four models used but was less 
active than phenylbutazone and betamethasone. Incidence of gastric ulcers 
was maximum with betamethasone and minimum with achyranthine.23

Anti-inflammatory activity of crotalaburnine or anacrotine (Fig. 12.8) 
isolated from Crotalbria laburnifolia Linn. (Fabaceae) was investigated against 
several models of inflammation. The effect was compared with the activity 
of hydrocortisone, phenylbutazone, sodium salicylate and cyproheptadine 
against different types of inflammation. Crotalaburnine (40 mg/kg SC  
× 5 alternate days) had no significant inhibitory effect against formalin-
induced arthritis, while hydrocortisone (40 mg/kg SC × 10 days) was 
effective from the fifth day onwards. Against carrageenin-induced oedema 
both crotalaburnine (10 mg/kg SC) and phenylbutazone (100 mg/kg oral) 
produced a similar degree of inhibition. Hydrocortisone (10 mg/kg SC) 
produced slightly greater inhibition.

 Figure 12.8 Structure of crotalaburnine (anacrotine).

In normal rats crotalaburnine (10 mg/kg SC), phenylbutazone  
(100 mg/kg oral) and sodium salicylate (500 mg/kg IP) inhibited 
hyaluronidase-induced oedema. However, in adrenalectomized rats, there 
was a reduction of the inhibitory effect of sodium salicylate but not of 
phenylbutazone or crotalaburnine. Crotalaburnine (40 mg/kg SC and 30 
mg/kg IP, respectively) was ineffective against 5-hydroxytryptamine- and 
dextran-induced oedema but against bradykinin- and prostaglandin-induced 
oedema (in a dose of 20 mg/kg IP) it was quite effective. 

In a parallel series cyproheptadine (10 mg/kg oral and IP, respectively) 
produced significant inhibition of 5-hydroxytryptamine- and dextran-
induced oedema, while phenylbutazone (100 mg/kg IP) failed to produce 
any significant inhibition of prostaglandin-induced oedema. Against 
cotton-pellet granuloma crotalaburnine, in half the dose of hydrocortisone, 
produced a similar inhibition while phenylbutazone produced much greater 
inhibition in five times the dose of crotalaburnine given orally.24 
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12.3.5.3 Central nervous system depressant

Chaksine suppressed the respiratory, vasomotor and thermostat mechanism 
of the brain.6 

12.3.6 Reproductive System 
12.3.6.1 Antifertility

Solasodine (Fig. 12.9), an alkaloid of Solanum xanthocarpum L. (Solanaceae) 
demonstrated antifertility activity in males and dogs. The alkaloid on 
oral administration resulted in inhibition of spermatogenesis and sperm 
motility. The mechanism of action of solasodine may be attributed to the 
inhibition of testosterone release.25 

Figure 12.9 Structure of solasodine.

12.3.6.2 Androgenic

In a study, the total alkaloidal content (mucuadine, mucuadinine, mucu-
cuadinine, pruriendine, mucunine, mucunadine and nicotine) of Mucuna 
prurita L. (Fabaceae) demonstrated increased spermatogenesis in albino rats.26 

12.3.7 Anticancer 
Ungeremine, criasbetaine, crinafoline and crinafolidine are reported to have 
antitumor activity.27,28 Ungeremine is reported to contribute to growth-
inhibiting and cytotoxic effects of lycorine.27 In vitro inhibition studies on the 
human leukemic leukocyte TS with the phenanthroindolizidine alkaloids, 
pergularinine and tylophorinidine (Fig. 12.10) isolated from Pergularia 
pallida Wight. & Arn. (Apocynaceae) were conducted for the preliminary 
screening tests for their antitumor activity. The leukemic leukocyte enzyme 
activity was potently inhibited by pergularinine (PGL) and tylophorinidine 
(IC50 = 50 µM) in both types of leukemias.29

Pergularinine, tylophorinidine and deoxytubulosine isolated from the 
Indian medicinal plants P. pallida and Alangium lamarckii Thw. (Alangiaceae) 
respectively, inhibited (IC50 = 50 µM) the elevated TS activity of leukocytes 
in cancer patients with clinically diagnosed chronic myelocytic leukemia  
(n = 10), acute lymphocytic leukemia and metastatic solid tumors.30 
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Figure 12.10 Structure of tylophorinidine.

In vitro inhibition studies on the human leukemic leukocyte TS with 
the phenanthroindolizidine alkaloids pergularinine and tylophorinidine, 
isolated from P. pallida were conducted for the preliminary screening tests 
for their antitumor activity. The leukemic leukocyte enzyme activity was 
potently inhibited by pergularinine and tylophorinidine (IC50 = 50 µM) in 
both types of leukemias.30

Ethanolic extracts of six Indian medicinal plants, piperine, guggulsterone   E 
and guggulsterone Z were tested for cytotoxicity using brine shrimp 
lethality test. Piper longum showed most potent cytotoxic activity. Piperine, 
guggulsterone E and guggulsterone Z showed potent activity with  
LC50 2.4, 8.9 and 4.9, respectively.31 

The total alkaloid fraction of the methanolic extract of Solanum 
pseudocapsicum Linn. (Solanaceae) leaves were tested for its in vivo 
antitumor activity against Dalton’s Lymphoma Ascites model in mice. The 
total alkaloid fraction at 2.5 and 5.0 mg/kg body weight doses exhibited 
antitumor activity as revealed by the significant increase in the mean 
survival time and the percentage increase in the life span of tumor bearing 
mice.32 O-methylsolanocapsine (Fig. 12.11) isolated from S. pseudocapsicum 
leaves possess strong cytotoxic properties.33

Figure 12.11 Structure of O-methylsolanocapsine.
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12.4 DISCUSSIONS
Research has revealed that information related to alkaloids reported from 
Indian medicinal plants was lacking in various aspects. The major lacuna 
was in stereochemistry and pharmacological studies. Some alkaloids like 
aconitine, atropine, berberine, codeine, colchicine, conessine, emetine, 
morphine, nicotine, strychnine, piperine, quinine, reserpine, are well-defined 
drugs and data is widely available regarding pharmacological studies.  

Data search on alkaloids yielded useful information regarding 
pharmacological activities. Texts obtained from ancient Materia Medica 
like the “Pharmacographia Indica” explains isolation procedures of active 
principles of crude Indian Medicinal Plants. “Materia Medica of Indian 
Medicinal Plants and Therapeutics” gives a good account of monographs on 
crude Indian drugs. Work at scattered places describes isolation procedures 
and pharmacological action of the active principle. For example, saussurine, 
alkaloid of Sausuurea lappa has been described as a bronchodilator, but 
details regarding animal or human testing are lacking. The preliminary 
data is useful for carrying out applied research. 

“Indian Materia Medica” and “Drugs of India” were significant for 
obtaining leads from Indian Medicinal Plants. The “Glossary of Indian 
medicinal plants with active principles” yielded information of several 
alkaloids not discussed in ancient Materia Medica. Data collected from 
ancient Materia Medica coupled with internet search, provided missing 
information on several alkaloids. 

For example, Materia Medica describes the presence of alkaloid in 
Achyranthes aspera L.N.O.—Amaranthaceae. Internet search provided informa-
tion about name (achyranthine) and pharmacology of the alkaloid.34,35 

Information on relatively lesser known alkaloids like abromine  
(Fig. 12.12), buchanine, christembine, gymnamine, marmeline, punarnavine  
and rohitukine (Fig. 12.13), a potential candidate with immunopharma-
cological activity, was obtained.36-42

Figure 12.12 Structure of abromine.

Figure 12.13 Structure of rohitukine.
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Celatrus paniculatus Willd. N.O. Celastraceae, popularly known as 
Jyotishmati in Ayurveda is reported to contain two alkaloids, celastrine 
and paniculatine (Fig. 12.14).43 The former was recorded to be powerful 
stimulant and pyrogenic. Loturine (Fig. 12.15), loturidine and colloturine, 
present in Symplocos racemosa Roxb. (Symplocaceae), are chemically related 
to harmine found in Peganum harmala L. (Rutaceae).19 Data search on 
Amaryllidaceae yielded valuable information on alkaloids.44-46

Figure 12.14 Structure of paniculatine.

Figure 12.15 Structure of loturine.

Gentianine (Fig. 12.16) present in medicinal plants of Gentianaceae has 
been reported to be antipsychotic47, antimalarial and anti-amoebic activities.48 
Phyllantidine and phyllantine (Fig. 12.17) were reported from leaves, fruits, 
and in vitro tissue cultures of Emblica officinalis Gaertn (Euphorbiaceae).49

Figure 12.16 Structure of gentianine.

Figure 12.17 Structure of phyllantine.
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Information on rare alkaloids such as cucurbitine (Benincasa hispida) 
(Thunb) Cogn. (Cucurbitaceae), pelosine and cissampeline (Fig. 12.18) 
(Cissampelos pareira Linn. (Menispermaceae), a muscle relaxant, hydrocoty-
line (Centella (Hydrocotyle) asiatica Linn. (Apiaceae), alpha pederine and 
beta pederine (Paederia foetida Linn. (Rubiaceae), ecliptine (Eclipta alba (L.) 
Hassk. (Asteraceae), echitamine (Fig. 12.19) and echitanine (Alstonia 
scholaris R.Br. (Apocynaceae), actinidine (Fig. 12.20) (Nardostachys 
jatamansi DC. (Valerianceae), herpestine and brahmine (Bacopa monneira 
Linn. (Scophulariaceae), anisotine, 3-hydroxyanisotine, vanestine, des-
methoxyaniflorine and desmethoxyvascinone (Adhatoda vasica Nees. 
(Acanthaceae), cannabine (Cannabis sativa Linn. (Cannabaceae), calamine 
(Acorus calamus Linn. (Araceae), coptine, copsine, coptisine and palmatine 
(Coptis teeta Wall. (Ranunculaceae), delphinine and staphisagrine (Delphinium 
denudatum (Ranunculaceae), nigellidine (Nigella sativa L. (Ranunculaceae) 
was recorded during literature search. 

Figure 12.18 Structure of pelosine (cissampeline).

Figure 12.19 Structure of echitamine.

Figure 12.20 Structure of actinidine.
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Scientifically Validated and 
Novel Anti-arthritic Ayurvedic 

Drugs

13.1 INTRODUCTION 
Arthritic diseases have been known to exist since antiquity. Probably the 
earliest description of arthritis occurs in Athravaveda, around 1000 B.C.1 
Charaka Samhita, written in the post Vedic period, has dealt more accurately 
with the etiology, symptomatology, diagnosis and treatment of arthritis. 
Prognosis of arthritis, as proclaimed by the ancient physicians of India, 
remains unaltered.2 

13.2 PATHOLOGY OF ARTHRITIS IN AYURVEDA 
Ayurveda suggests that arthritis is caused primarily by an excess of ama 
(byproduct of improper digestion) and lack of agni (digestive fire). This 
can be caused by poor digestion and a weakened colon, resulting in the 
accumulation of undigested food and the buildup of waste matter. Poor 
digestion allows toxins to accumulate in the body, and problems with the 
colon allow the toxins to reach the joints.3

According to Ayurveda in order to treat arthritis, the agni needs to 
be stimulated and the ama suppressed. Ayurveda distinguishes three 
categories of arthritis, corresponding to vata, pitta and kapha. The 
clinical features of these three types of arthritis are enumerated in the 
Table 13.1. 

Chapter 13
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Table 13.1 Clinical features of three types of arthritis according to Ayurveda

Type Features

Vata Joints crack, pop and become dry, but are not swollen.
Pitta This arthritis is characterized by inflammation. The joint becomes 

swollen, is painful even without movement. It often looks red and 
feels hot to the touch.

Kapha In kapha-type arthritis, the joint also becomes stiff and swollen, but 
it feels cold and clammy rather than hot. A little movement, rather 
than aggravating the pain, tends to relieve it.

13.3 CLASSIFICATION OF ARTHRITIS IN 
AYURVEDA4-7 

 1. Aamvata (Rheumatoid arthritis): In Ayurveda there is a very detailed 
description about rheumatoid arthritis or “Aama vata”. According 
to ayurvedic pathology, amvata is caused by ama, a toxin that is 
produced by imbalanced body fire). The toxin ama is carried by 
imbalanced vata and reaches the kapha-dominated joints.  

 2. Vatrakta (Gout): Vatarakta is a condition in which, the blood and 
vata dosha both get vitiated and troubles an individual. It is 
compared to gout which refers to a group of metabolic disorders. 
In these disorders, the crystals of sodium urate get deposited in 
the tissues of the body. This results in the raised levels of uric 
acid in the blood. The typical gout like condition catches the small 
joints of the body first. 

 3. Sandhivata (Osteroarthritis): Sandhivata, sandhi means the joint and 
vata, the vata dosha. When activities of the vata increase inside the 
sandhis or joints, it is known as the Sandhivata. Vata is dry in nature 
so it absorbs the fluidity, from any part of the body and is also 
destructive or catabolic in nature, due to these two reasons vata 
causes destruction of the cartilage and reduction in the synovial 
fluid inside the joint capsule.

13.4 AYURVEDIC FORMULATIONS FOR ARTHRITIS8-21 
Table 13.2 Classical Ayurvedic formulations for Arthritis 

S.No Formulation Disease Reference
1. Shuddha Guggulu 

(Commiphora mukul)
Rheumatoid arthritis Mahesh et al., 1981

2. Bhallataka (Semecarpus 
anacardium)

Rheumatoid arthritis Upadhyay et al., 1986

3. Gourakh (Dalbergia 
lanceolaria)

Rheumatism Tripathi and Shukla, 
1964

4. Simhanada guggulu with 
guduchi and sunthi

Rheumatoid arthritis Babu, 1982



Scientifically Validated and Novel Anti-arthritic Ayurvedic Drugs 123

5. Eranda (Ricinus 
communis)

Rheumatoid arthritis Shastri, 1981

6. Rasnadiguggulu Rheumatoid arthritis Shukla et al., 1985
7. Guduchi and sunthi Rheumatoid arthritis Sastry, 1977
8. Kanchanara gugulu 

kwatha
Rheumatism Rao, 1982

9. Vatahari guggul Rheumatism Pandey et al., 1986
10. Shambalu (Vitex negundo) Rheumatoid arthritis Mohiddin, 1979
11. Amber (Ambra grasea) Rheumatoid arthritis Mutharasan, 1977
12. Cheriya rasnadi 

kashayam
Anti-arthritic Valarmati et al., 2004

13. Rasonadi kvatha Anti-rheumatic Kishore and Banerjee, 
1973

14. Vachadi guggulu and 
Vyoshadi guggulu

Anti-rheumatic Chandrasekhara, 1966

13.5 SCIENTIFIC RESEARCH ON CLASSICAL ANTI-
RHEUMATIC AYURVEDIC FORMULATIONS

Vyas and Shukla studied the efficacy of purified guggul in 35 patients 
of rheumatoid arthritis in order to assess its anti-rheumatic activity, dose 
requirement, resistance development, side effects and effects on hematology. 
The results indicated that guggul acts as an anti-rheumatic agent without 
toxic or side effects.22 

A clinical study by Das evaluated the efficacy of nirgundi taila in the 
management of osteoarthritis. The researchers found that nirgundi taila 
was much more effective than the control drug (diclofenac sodium), though 
maximum improvement was reached after a longer time of treatment.23 

Singh et al., investigated efficacy of Commiphora mukul in two studies. 
In a first experimental case study, C. mukul was reported to be beneficial 
in the treatment of osteoarthritis.24 The success of the previous study 
outcome, led to the quasi-experimental model being used for investigating 
the further use of C. mukul in osteoarthritis. C. mukul was administered to 
30 male and female participants in a capsule form (500 mg concentrated 
exact delivered TID) along with food. At the end of treatment, there was a 
significant difference in the scores of the primary and secondary outcome 
measures.25

Chopra et al., in a 32-week randomized, placebo-controlled clinical 
evaluation studied the efficacy of RA-11 (Withania somnifera, Boswellia 
serrata, Zingiber officinale, and Curcuma longa) on osteoarthritis in the knees 
in 358 patients. Compared with a placebo, RA-11 demonstrated potential 
efficacy and safety in the symptomatic treatment of osteoarthritis knees 
over 32 weeks of therapy.26

Park and Ernst systematically reviewed all randomized controlled 
trials on the effectiveness of Ayurvedic medicine for rheumatoid arthritis. 
Reputed databases were explored for generating data regarding randomized 
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controlled trials of Ayurvedic medicine for rheumatoid arthritis. The 
authors concluded that the existing randomized controlled trials failed to 
show convincingly that such treatments are effective therapeutic options 
for rheumatoid arthritis.27

Sumantran et al., assessed the chondroprotective potential of Triphala 
guggulu and Triphala shodith guggulu by examining its effects on the 
activities of pure hyaluronidase and collagenase type 2 enzymes. Aqueous 
and hydro-alcoholic extracts of Triphala shodith guggulu showed weak 
but dose-dependent inhibition of hyaluronidase activity. In contrast, the 
Triphala guggulu was 50 times more potent than the Triphala shodith 
guggulu extract with respect to hyaluronidase inhibitory activity.28,29

Furst et al., in a short communication highlighted the possibility of 
carrying out well-controlled, double-blind, placebo-controlled trials of 
classical Ayurvedic treatment. A total of 46 patients ≥ 18 yr of age, with 
active rheumatoid arthritis, were randomized to one of three outpatient 
treatment groups: methotrexate + placebo Ayurveda; Ayurveda + placebo 
methotrexate; and methotrexate + Ayurveda. The traditional dosage forms 
were used in the study. Six placebos were also formulated, with each 
placebo representing a dosage form.30

Falkenbach and Oberguggenberger documented the use of Ayurveda 
in ankylosing spondylitis and low back pain. According to Ayurveda, 
rheumatic symptoms result from an inequality and disharmony among the 
three biological humors, in particular from a predominance and dysfunction 
of vata. Based on this principle, treatment of ankylosing spondylitis and 
low back pain falls within the purview of Ayurveda.31

13.6 RECENT ADVANCES IN ANTI-RHEUMATIC 
DRUG RESEARCH FROM HERBAL DRUGS

13.6.1 Ammania baccifera Linn. (Lythraceae)
The alcoholic and aqueous extracts of A. baccifera significantly (P < 0.01) 
decrease the paw edema on the 28th day in albino rats in chronic 
inflammatory models like cotton pallet induced granuloma and complete 
Freund’s Adjuvant. In both the inflammatory models, alcoholic extracts 
show more potency than the aqueous extracts in terms of percentage of 
inhibition of inflammation.32

13.6.2 Alangium salviifolium Wang (Alangiaceae)
Petroleum ether, ethyl acetate, chloroform and methanol extracts of  
A. salviifolium exhibited significant anti-arthritic activity in Fruends adjuvant 
arthritis model. The present study suggests that further investigations are 
needed in exploring anti-arthritic of A. salviifolium.33



Scientifically Validated and Novel Anti-arthritic Ayurvedic Drugs 125

13.6.3 Merremia tridentata (L.) Hall. f. 
(Convolvulaceae)

The ethanol extract of M. tridentata exhibited significant dose-dependent 
activity in acute inflammation and the doses of 100 mg/kg body weight and  
200 mg/kg body weight produced 38.3 and 42.8 percent inhibition 
respectively after 3 hr as compared with that of the standard drug which 
showed 48.5 percent inhibition. In the arthritis model, the doses of  
100 mg/kg body weight and 200 mg/kg body weight of the ethanol extract 
produced 49.0 and 51.7 percent inhibition respectively after 19 days when 
compared with that of the standard drug (55.5 percent ).34

13.6.4 Premna serratifolia Linn. (Verbenaceae)
In Freund’s adjuvant induced arthritis model, the ethanol extract P. serratifolia 
at the dose of 300 mg/kg body weight inhibited the rat paw edema by 
68.32 percent which is comparable with standard drug indomethacin  
74.87 percent inhibition of rat paw edema after 21 days.35

13.6.5 Strobilanthus callosus Nees and Strobilanthus 
 ixiocephala Benth. (Acanthaceae)
Lupeol (in the doses of 200, 400 and 800 mg/kg) and 19a-H-lupeol isolated 
from the roots of S. callosus and S. ixiocephala respectively, produced a dose 
dependent inhibition i.e. 24, 40 and 72 percent where as 19a-H-lupeol 
showed 21, 47 and 62 percent inhibition after 24 hr in the acute model 
of inflammation. In the chronic model of granuloma pouch in rats, lupeol 
exhibited 33 percent and 19a-H-lupeol, 38 percent reduction in granuloma 
weight. In the arthritis model, lupeol exhibited 29 percent and 19a-H-lupeol 
33 percent inhibition after 21 days respectively.36

13.6.6 Barringtonia racemosa (L.) Spreng. 
(Lecythidaceae)

The ethyl acetate fraction of B. racemosa displayed potent anti-inflammatory 
activity in Complete Freund’s Adjuvant induced arthritis in rats. Activity 
guided fractionation led to isolation of bartogenic acid, which was evaluated 
for effectiveness against Complete Freund’s Adjuvant-induced arthritis in 
rats. Bartogenic acid at doses of 2, 5 and 10 mg/kg/day, PO (by mouth), 
protects rats against the primary and secondary arthritic lesions, body 
weight changes and hematological perturbations induced by Complete 
Freund’s Adjuvant.37
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13.6.7 Gymnema sylvestre R.Br. (Asclepiadaceae)
The petroleum ether and aqueous extract of leaves of G. sylvestre were 
studied for anti-arthritic activity in Freund’s adjuvant induced arthritis 
in rats. The study revealed that both extracts of G. sylvestre possessed 
significant anti-arthritic activity in all parameters of the study compared 
to the control group.38

13.6.8 Moringa oleifera Lam. (Moringaceae)
A hydroalcoholic extract of M. oleifera flowers decreased paw edema 
volume (primary lesion), inflammation at non-injected sites of left hind 
paw, and arthritic index (secondary lesion) in diseased animals as compared 
with untreated control animals. Further, it decreased the serum levels of 
Rheumatoid Factor and levels of the cytokines tumor necrosis factor- a and 
interleukin-1.39

13.6.9 Justicia gendarussa Burm. f. (Acanthaceae) 
and Withania somnifera Dunal (Solanaceae)

Ethanolic extracts of J. gendarussa and W. somnifera suppressed the anti-
arthritic changes induced in male albino rats using Freund’s complete 
adjuvant and bovine type II collagen. Both of the drugs produced 
statistically significant results.40

13.6.10 Snake Venom
In Ayurveda, cobra venom was used to treat joint pain, inflammation and 
arthritis. The visachikitsha, the division of Ayurveda deals with the use 
of venoms to cure diseases through the Ayurvedic technique known as 
suchikavoron (venom at the tip of a needle) and shodhono (detoxification of 
venom) was able to treat several chronic diseases.41 

A study confirmed that the Indian monocellate cobra (Naja kaouthia) 
venom significantly antagonized the changes in the arthritis biomarkers in 
an experimental animal model, where arthritis was induced by Freund’s 
complete adjuvant.42
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Rajpatha-Ethno Medicine of  
Controversial Origin

14.1 INTRODUCTION 
Many plant drugs documented in Ayurvedic textbooks are controversial on 
their accurate botanical linkages.1 Since plants and plant drugs in Ayurveda 
were designated Sanskrit names, often based on the “doctrine of signature”, 
morphological appearance, properties and action, the interpretation of these 
names during the later period of time led to acceptance of more than one 
botanical species for one plant drug.2

14.2 VARIETIES OF PATHA 
Two varieties of patha have been mentioned in Ayurvedic texts, viz. brhat 
patha (rajpatha) and laghu patha, i.e., with large and small leaves, respectively. 
Both the varieties are, more or less, similar in their properties.3 Laghu 
patha has been identified as Cissampelos pareira Linn. Brhat patha has been 
mentioned as Kuchelika in Kaydeva Nighantu.4 Charaka has also indicated 
Patha and Kuchela as separate drugs in Shakvarga.5,6

In Ayurvedic Materia Medica, Cycela peltata Lam. and Stephania 
hernandifolia (Willd) Walp. are taken as brahat patha. Cissampelos pareira,  
C. peltata and S. hernandifolia are members of family Menispermaceae.7 As 
per Ayurvedic herbology, brhat patha is bitter, astringent and beneficial in 
blood-borne diseases and polyuria.8 Some authors have indicated C. peltata 
as a possible substitute for C. pareira.9

Chapter 14
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14.3 DISTINCTION BETWEEN CYCELA PELTATA 
AND STEPHANIA HERNANDIFOLIA 

The roots of C. pareira can be distinguished from C. peltata and  
S. hernandifolia by the presence of high concentration of pharmacologically 
active alkaloid bebeerine, which was found to be present in very low 
concentration in Stephania japonica and absent in roots of Cyclea peltata. 
The roots of Cyclea peltata were found to contain a high concentration of 
saponins and comparatively in low concentration in Cissampelos pareira 
where it was found to be absent in roots of Stephania japonica.9

14.4 ETHNOPHARMACOLOGY OF CYCELA 
PELTATA AUCT. NON (LAMK) HOOK. F. & 
THOMSON. & THOMSON.

Syn: C. barbata

14.4.1 Distribution and Botany
C. peltata Lam. grows throughout India and Sri Lanka, up to 800-900 m 
elevation. It is commonly known as Green grass jelly. The plant is a slender 
twining shrub, frequently climbing on tall trees. The leaves are simple, 
alternate, heart shaped, 2.5-10 cm long and 2.5-3.75 cm broad, stipule  
5-10 cm long and nerves 7-11. The flowers unisexual, pale yellow, in axillary 
panicles. The fruits are ovoid drupes, brown or scarlet in color. The seeds 
are covered. The roots are tuberous, cylindrical, irregularly curved, with a 
grayish brown surface. The plant blooms in the rainy season.9

14.4.2  Phytochemistry
The roots of C. peltata are reported to contain alkaloids including d-tetrandrine, 
dl-tetrandrine, d-isochondrodendrine, fangchinoline, tetrandrine   
N-2’-oxide, a-cyclanoline, tetrandrine 2¢b-N-oxide,(–)-2-norlimacine, 
(–)-curine, (–)-cycleapeltine, (–)-N-methylcoclaurine, (–)-repandine, 
(+)-coclaurine, (+)-cycleabarbatine, (+)-cycleanorine, coclaurine and 
cycleadrine.10-13

14.4.3  Traditional Medicinal Use
In tribal medicine, jelly sediment obtained from C. peltata is applied to the 
head and washed after 30 min in Kerala.14 The roots are used for curing 
coryza, hemorrhoids, diarrhea and a burning sensation in Mangalore, in 
the state of Karnataka, India.15
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14.4.4 Pharmacological Research
Alkaloids isolated from petroleum ether and methanolic extracts alkaloids 
and their methiodides showed activity similar to d-tubocurarine.10 

Bisbenzylisoquinoline alkaloids isolated from C. peltata have demonstrated 
cytotoxic and antimalarial activities.16 

In ethylene glycol treated animals, simultaneous administration of the 
powdered root of C. peltata resulted in decreased urinary oxalate and calcium. 
Likewise, serum potassium was lowered and magnesium was elevated.17

In an investigatory study, 70 percent methanolic leaf extract of C. peltata 
significantly changed the increased malonyldyaldehyde level and decreased 
glutathione levels found in rats treated with cisplatin alone.18 Pretreatment 
with C. peltata extract provided significant protection against the peptic 
ulceration caused by ethanol administered individually, or in combination 
with indomethacin.19

14.5 ETHNOPHARMACOLOGY OF  
STEPHANIA HERNANDIFOLIA (WILLD) WALP.

Syn: S. japonica 

14.5.1 Botany
S. hernandifolia is a woody smooth vine. The leaves are oval or sub-rounded-
oval in shape, 6 to 15 cm in length, and 4 to 12 cm in width, with obtuse 
and nearly retuse apex and rounded base, and smooth on both surfaces, 
with long petioles (4 to 12 cm long). The inflorescences are in umbels on 
peduncles 3 to 4 cm in length. The male and female flowers are small and 
pale yellow. The fruit is red, small, rounded but flattened, about 8 mm 
long and 6 mm wide.20

14.5.2 Phytochemistry
Bancroft in a study noted that the extract of the roots was exceedingly 
poisonous for frogs. The physiological action of the active constituent appeared 
to be identical with that of picrotoxin, the active principle of Cocculus, a genus 
of the same order as Stephania. Bancroft failed to obtain picrotoxin from the 
plant, and thus suspected the poisonous effects to be due to an alkaloid.21 

Investigative work on the plant in 1924 reported alkaloids, metastephanine, 
stephanine and protosetaphine along with a phenol base and base.22

The plant contains alkaloids including hernandifoline and hernandiline.23 

The roots of S. hernandifolia from Mangalore yielded d-tetrandrine, 
fangchinoline, d-tetrandrine, and d-isochondrodendrine.24 Epistephanine,  
(+)-3’,4’-Dihydrostephasubine and methylhernandine have been reported.25-27
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Chief alkaloids of S. hernandifolia are reported to be antispasmodic.28  
The bulb of S. hernandifolia, used by the local people and traditional healers 
in the eastern Himalayan belt, were studied for their effects on serum 
glucose levels in non-diabetic and diabetic rat models at different prandial 
states. S. hernandifolia increased the serum glucose levels of non-diabetic 
rats in all the series of experiments (P < 0.05 or P < 0.01). In NIDDM model 
rats, S. hernandifolia had a tendency to raise the serum glucose level.29

Several studies have reported effect of S. hernandifolia on testicular 
activity in rats. In one study, adult male Wistar rats, were forcefully fed 
with the aqueous extract of these leaves at the dose of 2 g or 4 g of leaves/
ml distilled water/100 g body weight/day for 28 days. Treatment with 
this leaf extract at both doses resulted in significant reduction in relative 
weight of the sex-organs. Further the treatment with the extract resulted in 
diminution in the activity plasma level of testosterone along with inhibition 
of spermatogenesis without any induction of hepatic and renal toxicity.30

In another study, the testicular inhibitory effect of the aqueous fraction 
of methanol extract of S. hernandifolia leaf was studied in male Wistar 
rats. The supernatent and the precipitate part of aqueous fractions of the 
methanol extract of the leaf were gavaged separately to rats at a similar 
dose of 200 mg/ml per 100 g body weight per day for 28 days. In both 
treated groups, there were significant decreases in the relative weights of 
the sex organs, the testicular key androgenic enzymes activities, the plasma 
level of testosterone, the number of different germ cells at stage VII of 
seminiferous epithelial cell cycle and the seminiferous tubular diameter in 
comparison to the controls.31

An ethno medicinal formulation (based on S. hernandifolia) at 500 and 
250 mg/kg doses induced 66.7 and 33.3 percent post-coital pregnancy 
interception respectively, in Wistar rats. The higher dose exhibited significant 
reduction in number of litters born and also the anti-implantation property. 
In contrast, none of the dose levels of aqueous extract of S. hernandifolia 
interfered in pregnancy but a significant anti-implantation property was 
observed at doses of 2 and 1 g/kg, even as the higher dose produced 
significant reduction in number of litters born as well. HPTLC and HPLC 
analysis of both exhibited marked chemical differences.32

The n-hexane fraction of the hydroethanolic (1:1) extracts of  
S. hernandifolia leaves and Achyranthes aspera roots (in a composite manner 
at a ratio of 1:3, respectively), exhibited maximum spermicidal activity in 
human and rat spermatozoa. At a concentration of 0.1 g/ml hexane fraction, 
the entire sperm of the human sample were immobilized immediately 
(within 20 s). In case of the rat sample, all epididymal spermatozoa were 
immobilized immediately (within 20 s) by treatment with hexane fraction 
at a concentration of 0.004 g/ml. All human sperm were found to be 
nonviable within 20 min.33
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14.5.3 Conclusions
Medicinal plants in Ayurveda were designated Sanskrit names, often based 
on the “doctrine of signature”, morphological appearance, properties and 
action. Due to lack of correct identification, similar looking plants are often 
collected from the field site along with the genuine medicinal plant by 
mistake. Hence further studies leading to identification for Rajpatha are 
greatly warranted. 
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Phytopharmacology of  
Indian Nootropic 

Convolvulus plauricaulis L.

15.1 INTRODUCTION 
Convolvulus is a genus of about 250 species of flowering plants in the 
bindweed family Convolvulaceae, with a cosmopolitan distribution.1  
C. pluricaulis occurs in temperate and subtropical regions. C. pluricaulis is a 
perennial herb. The branches spread on the ground and can be more than 
80 cm long. The leaves are elliptic in shape and flowers are blue in colors. 
The fruit is a nut; oblong, trigonous, stramineous and stiptate.2,3 

An active alkaloid, sankhpuspine, has been isolated from C. pluricaulis. 
Volatile oil has been obtained by steam distillation of the fresh plant.4,5 In 
Ayurveda, C. pluricaulis is used as medhya rasayana (nootropic or memory 
booster).6 The syrup of the entire plant is a popular remedy for boosting 
childhood memory in India. 

Therapeutically C. pluricaulis is considered to be tonic, alterative and 
febrifuge. It is used in treatment of fever, nervous debility and loss of 
memory. The whole plant is used medicinally in the form of decoction 
with cumin and milk in syphilis and scrofula.7

15.2 MATERIALS AND METHODS 
C. pluricaulis is an important medicinal plant of Ayurvedic Materia Medica 
but not much has been written on its therapeutic potential. Databases 
including Annotated Bibliography of Indian Medicine, Ayush Health Portal, 
Pub Med, and Ayurvedic Pharmacopeia of India, Bibliography of Central 
Council of Research in Ayurveda and Siddha and indexed journals on 

Chapter 15
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Ayurveda, phytotherapy and pharmacology were consulted for extracting 
data on C. pluricaulis. 

15.3 RESULTS 

15.3.1 Central Nervous System
15.3.1.1 Anti-anxiety activity

In the elevated plus maze, ethyl acetate fractions of C. pluricaulis at  
100 mg/kg., PO showed an anxiolytic effect as evidenced by increase in the 
time spent in open arms and the number of open arm entries, compared to 
the control group. The ethyl acetate fractions of ethanol extract of the aerial 
parts at doses of 200 mg/kg PO significantly reduced the neuromuscular 
coordination indicative of the muscle relaxant activity at a higher dose in 
both the drugs.8

15.3.1.2 Anti-depressant activity

A. The alcoholic extract of C. pluricaulis, in a dose of 100 mg/kg  
body weight a barbiturate potentiation effect in albino rats; this 
effect was weaker than that of diazepam, but stronger than that of  
Centella asiatica (Linn.) Urban.9

B. The chloroform fraction of the total ethanolic extract of C. pluricaulis in 
doses of 50 and 100 mg/kg significantly reduced the immobility time 
in both forced swim test and tail suspension test. Its efficacy was found 
to be comparable to that of imipramine (15 mg/kg PO) and fluoxetine 
(20 mg/kg PO) administered for 10 successive days. The chloroform 
fraction reversed reserpine-induced extension of immobility period 
in forced swim test and tail suspension test. Prazosin, sulpiride, and 
p-chlorophenylalanine significantly attenuated the chloroform fraction-
induced antidepressant-like effect in tail suspension test.10

15.3.1.3 Anti-epileptic activity

The alcoholic extract of C. pluricaulis stopped spontaneous motor activity 
and the fighting response, but did not affect the escape response; 
electrically induced convulsive seizures and tremorine-induced tremors 
were antagonized by the extract.11

15.3.1.4 CNS-depressant activity

The methanol extract of the whole plant of C. pluricaulis was found to 
produce alterations in the general behavior pattern, reduction in spontaneous 
motor activity, hypothermia, potentiation of pentobarbitone-sleeping 
time, reduction in the exploratory behavioral pattern, and suppression 
of aggressive behavior. The extract also showed an inhibitory effect on 
conditioned avoidance response and antagonism to amphetamine toxicity.12
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15.3.1.5 Analgesic activity

The C. pluricaulis extract caused a reduction in the fighting behavior in 
mice but was devoid of analgesic activity although it potentiated morphine 
analgesia.13

15.3.1.6 Nootropic activity

Ethanolic extract of C. pluricaulis enhanced neuropeptide synthesis in the 
brains of laboratory animals. The brain protein was increased, indicating 
increased memory and acquisition efficiency.12

15.3.2 Heart
15.3.2.1 Cardiovascular activity

An ethanolic extract of the whole plant exerted a negative ionotropic action 
on amphibian and mammalian myocardium. It also exerted spasmolytic 
activity on smooth muscles of blood vessels.14

15.3.2.2 Hypolipidemic activity

The ethanolic extract of C. pluricaulis reduced total serum cholesterol, 
triglycerides, phospholipids and non-esterified fatty acids after 30 days of 
administration in hyperlipidemic rats. Moreover, high density lipids were 
significantly raised in animals.15

15.3.3 Miscellaneous Activity
15.3.3.1 Antifungal activity 

The extract of leaves and flowers, probably due to some flavones was found 
to possess antifungal property.16

15.3.3.2 Immunomodulatory activity

For the study, Freund’s adjuvant was used to induce inflammation in the 
right hind paw of the animals in the study, and subsequently, the crude 
extract of C. pluricaulis was administered intraperitonially. The results 
indicated that treatment with C. pluricaulis significantly reduced both 
inflammation and edema. The animals treated with C. pluricaulis also 
showed mild synovial hyperplasia and infiltration of mononuclear cells.17

15.3.3.3 Thyrotropic activity

L-Thyroxine treatment for 30 days increased serum concentrations of thyroxine 
(T4) and triodothyronine (T3). The activity of hepatic 5’-monodeiodinase  
(5’-DI) and glucose-6-phosphatase (G-6-Pase) was also enhanced. On the 
other hand, administration of the C. pluricaulis extract either alone or with 
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L-T4, decreased serum T3 concentration and the activity of hepatic 5’-DI 
and G-6-phase, without marked alteration in hepatic lipid peroxidation, 
indicating the possible regulation of hyperthyroidism by the C. pluricaulis 
extract.18 

15.3.4 Drug Interactions
During the course of routine plasma drug level monitoring, an unexpected 
loss of seizure control and reduction in plasma phenytoin levels was 
noticed in two patients who were also taking C. pluricaulis. Single dose 
C. pluricaulis and phenytoin (oral/IP) co administration did not have any 
effect on plasma phenytoin levels but decreased the anti-epileptic activity 
of phenytoin significantly. On multiple-dose co administration, C. pluricaulis 
reduced not only the anti-epileptic activity of phenytoin but also lowered 
plasma phenytoin levels. C. pluricaulis itself showed significant anti-epileptic 
activity compared to a placebo and is worth further investigation.19

15.3.5 Conclusions
Animal studies have demonstrated that the extract of C. pluricaulis possesses 
a range of pharmacological effects with regard to the central nervous 
system. Keeping in mind the preliminary data accumulated from various 
animal studies, clinical studies are warranted to unearth the therapeutic 
potential of the C. pluricaulis. 
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Viscum album Linn.—Valuable 
Anticancer Herbal Drug

16.1 INTRODUCTION 
Viscum album Linn. (Loranthaceae) is a species of mistletoe, also known 
as European Mistletoe or Common Mistletoe to distinguish it from other 
related species. It is native to Europe and western and southern Asia.1

16.2 BOTANY
It is a hemi-parasitic shrub, which grows on the stems of other trees. It 
has stems 30-100 cm long with dichotomous branching. The leaves are 
in opposite pairs, strap-shaped, entire, leathery textured 2-8 cm long and 
0.8-2.5 cm broad, yellowish-green in color. This species is diecious and the 
flowers are inconspicuous, yellowish-green, 2-3 mm in diameter. The fruit 
is a white or yellow berry containing one seed embedded in very sticky, 
glutinous fruit pulp.2

16.3 PHYTOCHEMISTRY
The toxic lectin Viscumin has been isolated from Viscum album.3 Viscumin 
is a cytotoxic protein that binds to galactose residues of the cell surface 
glycoproteins and may be internalized by endocytosis. In addition, it 
contains triterpenoid saponin, choline, proteins, resin, mucilage, histamine, 
traces of an alkaloid. Recently, acyclic monoterpene glycoside has been 
isolated from the plant growing in Turkey.4

Chapter 16
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16.4 REVIEW OF MEDICINAL PROPERTIES
Mistletoe not only has an interesting mythology, but also is interesting from 
a medicinal point of view. Though the Druids probably overrated the herb, 
deeming it useful for any kind of ailment, later herbalists still valued it 
highly for a variety of different ailments. Most notably it is recommended as 
a remedy for epilepsy, especially childhood epilepsy. This treatment reflects 
a homeopathic approach, as large doses of the herb and in particular of 
the berries actually causes fits and convulsions. It was used specifically for 
this ailment and also as a nervine to treat hysteria, delirium, convulsions, 
neuralgia as well as urinary disorders and heart complaints especially when 
these are related to a nervous condition.

Mistletoe is also known as a cardioactive agent that improves the pulse, 
regulates the heart rate and simultaneously dilates the blood vessels, thus 
lowering blood pressure. It reduces headaches and dizziness caused by high 
blood pressure. However, from the available literature, it is not entirely clear 
in which form mistletoe should be administered for this effect. Some sources 
maintain that the cardioactive principle is only effective if applied by injection 
while other sources recommend standard teas, tinctures, and extracts. 

One source also states that the active principles would be destroyed by 
heat and thus should only be prepared by cold infusion. Differing opinions 
regarding the preparation methods are certainly confusing. Recently another 
interesting property of mistletoe has become a matter of scientific interest. 
Since ancient times, mistletoe has been used to treat tumors. Modern animal 
studies have demonstrated antioxidant effects.5

16.5 MECHANISM OF ANTICANCER ACTION
The biological efficacy of mistletoe lectin can be regarded basically as 
directly cytostatic as well as having an immunomodulatory effect. In 
cultures of human peripheral mononuclear cells (PBMCs), VAA-I can 
stimulate cytokine production as well as programmed cell death (apoptosis) 
in approximately the same concentration as in vivo.

A ß-galactoside-specific lectin from a proprietary mistletoe extract, 
induced increased secretion of tumor necrosis factor a, interleukin 1, and 
interleukin 6 in cultures of human peripheral blood mononuclear cells. 
The enhancement of secretion, determined independently by bioassays 
and enzyme-linked immunosorbent assay-based quantitation, was caused 
by selective protein-carbohydrate interaction, as revealed by the strict 

dependence on the presence of the carbohydrate-binding subunit of the 
lectin and the reduction of the effect of the lectin in the presence of the 
specific lectin-binding sugar as well as anti-lectin antibodies. Increased 
cytokine levels in the serum of patients after injection of optimal lectin 
doses corroborated the in vitro results.5

The in vitro effects of therapeutically administered mistletoe extracts 
(ABNOBAviscum) and pure mistletoe lectins (mainly mistletoe lectin I) on a 
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variety of human and murine tumor cell lines were investigated. Mistletoe 
extracts and purified mistletoe lectins inhibited in vitro growth of all tumor 
cell lines tested including B cell hybridomas, P815, EL-4, Ke37, MOLT-4 
and U937. The mechanism of growth arrest was shown to be due to the 
induction of programmed cell death (apoptosis). Thus, fragmentation of 
genomic DNA into oligonucleosomal bands of approximately 200 base pairs 
in length was observed within 20 hr when tumor cells were incubated with 
mistletoe extracts or lectins. The data points to a rational basis for the direct 
cytotoxic effects of mistletoe extracts and lectins apart from the postulated 
immunostimulatory properties of these agents.6

The present work examined the cytotoxic effects of Viscum album extracts 
produced from mistletoes grown on different host trees and of purified 
toxic proteins from VAL, such as the D-galactose-specific lectin I (ML I), the 
N-acetyl-D-galactosamine-specific ML II and ML III, and crude viscotoxins 
towards cultured human lymphocytes. Using the purified proteins, it became 
obvious that the cell killing was mediated by the induction of apoptosis, 
as measured by the appearance of a hypodiploid DNA peak using flow 
cytometry. ML III was the most effective to induce apoptosis, followed by 
ML II and ML I, while the viscotoxins and oligosaccharides from VAL did 
not. The findings suggest that there might be at least two different ways 
of killing the cell that is operative in VAL-mediated cytotoxicity: 
 (a) Typical apoptotic cell death with the appearance of hypo-diploid 

nuclei.
 (b) A direct or indirect killing by damaging the cell membrane with 

subsequent influx of Ca(2+) and of the DNA intercalating dye 
propidium iodide and cell shrinkage. These effects might not be 
exclusive, as they probably occur simultaneously.7

Mistletoe lectin I from Viscum album inhibited cell growth and induces 
apoptosis (programmed cell death) in several cell types. Because increases in 
cytosolic Ca(2+) concentration ([Ca2+]i) constitute a signal for the induction 
of apoptosis, a study investigated the effects of Mistletoe lectin I on basal 
[Ca(2+)]i, receptor-mediated rises in [Ca2+]i and cell viability, using human 
U-937 promonocytes as model system. 

Treatment of U-937 cells with ML I (30-100 ng/ml) significantly increased 
basal [Ca2+]i. Mistletoe lectin I (10-30 ng/ml) enhanced histamine-induced 
rises in [Ca2+]i up to five-fold. The effect of histamine was inhibited 
by clemastine but not by famotidine, indicative of its mediation via  
H1-receptors. Mistletoe lectin I additionally enhanced the stimulatory effect 
of complement C5a on [Ca2+]i, whereas the effect of ATP was unaffected. 
Mistletoe lectin I up to 10 ng/ml did not affect cell viability and growth 
of U-937 cells. Mistletoe lectin II at 30 ng/ml moderately inhibited cell 
growth and reduced cell viability. At 100 ng/ml, Mistletoe lectin I was 
strongly cytotoxic. Data suggests that Ca(2+) plays a role as intracellular 
signal molecule in the induction of apoptosis and points to an accelerating 
role of H1- and C5a-receptors in the regulation of this process.8
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Mistletoe lectin I (ML I) is a major active component in plant extracts of 
Viscum album that is increasingly used in adjuvant cancer therapy. ML I exerts 
potent immunomodulating and cytotoxic effects, although its mechanism of 
action is largely unknown. Researchers showed that treatment of leukemic 
T- and B-cell lines with ML I induced apoptosis, required the prior activation 

of proteases of the caspase family. 

The involvement of caspases is demonstrated because 
 (a) A peptide caspase inhibitor almost completely prevented  

ML I-induced cell death and 
 (b) Proteolytic activation of caspase-8, caspase-9, and caspase-3 was 

observed. 

Because caspase-8 has been implicated as a regulator of apoptosis 

mediated by death receptors, we further investigated a potential receptor 
involvement in ML I-induced effects. ML I triggered a receptor-independent 
mitochondria-controlled apoptotic pathway because it rapidly induced the 
release of cytochrome c into the cytosol. Because ML I was also observed 

to enhance the cytotoxic effect of chemotherapeutic drugs, these data 
may provide a molecular basis for clinical trials using MLs in anticancer 
therapy.9, 10
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Anti-inflammatory Activity of  
Aqueous-Ethanolic Extract of  

Aerial Parts of  Artemisia vulgaris 
Linn. in Spargue Dawley Rats

Singh AP and Duggal S*

17.1 INTRODUCTION 
The genus Artemisia (family Asteraceae, tribe Anthemideae), comprises a 
variable number of species (from 200 to over 400, depending on the authors) 
found throughout the northern part of the world. Artemisia vulgaris L. 
(Asteraceae), commonly known as mugwort or common wormwood, is a 
perennial herb, widely distributed in different habitats, from 0 to 1800 m 
above sea level.1 

In Ayurveda, A. vulgaris is source of snake-bite antidote drug 
“nagdaun”.2 In traditional herbal medicine, aerial parts of A. vulgaris are 
used as anthelmintic, antiseptic, antispasmodic, antidiabetic, antiepileptic 
and antidepressant.3 It is widely used in the Philippines for its anti-
inflammatory properties.4 

A. vulgaris contains essential oils containing cineole and thujone.5-7 

Monoterpene and sesquiterpene lactones including vulgarin, pilostachyin 
and pilostachyin C have been reported.8,9 The derivatives of quercetin and 
quercetagetin are the main flavonoids in acetone extract of leaf exudates 
from A. vulgaris.10

Two new eudesmane acids and a known eudesmane dialcohol and 
polyacetylenes have been isolated.11-13 Dicaffeoylquinic acids, new sesqui-

Chapter 17

*Dept of Pharamacology, Rayat Bahara Institute of Pharmacy, Hoshiarpur (Punjab) India.



148 Herbal Drugs as Therapeutic Agents

terpene, caryophyllene oxide, phytyl fatty acid esters, squalene, stigmasterol 
and sitosterol have been reported from the dichloromethane extract of the 
air-dried leaves of A. vulgaris.14,15 

A previous work reported antimicrobial, antihypertensive, anti-
spasmodic and bronchodilator, hepatoprotective, antidepressant, xanthine 
oxidase inhibitor and anti-oxidant activities of A. vulgaris extracts.16-22  

Erio-dictyol and luteolin have been reported as the chief esterogenic 
flavonoids among 20 isolated from the plant.23

A previous study reported the presence of anti-inflammatory constituent 
in the water extract fractions of leaves of A. vulgaris.17 In the present study, 
an attempt was made to investigate the anti-inflammatory activities of the 
aqueous-ethanolic (40:60) extract of aerial part of A. vulgaris in experimental 
animals.

17.2 MATERIALS AND METHODS
17.2.1 Plant Materials 
The fresh aerial parts of The Artemisia vulgaris were collected in the month 
of February from the botanical garden of Lovely Professional University, 
Phagwara, district Kapurthala of Punjab and were authenticated by  
Dr. R.K. Chaturvedi, Scientist, Central Council of Research in Ayurveda 
and Siddha, Patna. Herbarium of plant specimen was deposited at Regional 
Research Centre, CCRAS, Patna (voucher no. CCARS/RRC/2010/34). 

17.2.2 Preparation of the Extract 
Freshly collected aerial parts of the plant were washed with water and 
chopped with a stainless steel knife. The fresh aerial part was extracted 
with soxhlet apparatus using (40:60) aqueous: ethanol till exhaustion. 
The extract was evaporated under reduced pressure by a rotary vacuum 
evaporator until all the solvent was removed to give an extract sample. The 
combined extract sample was dried naturally in the shade and preserved 
in desiccators for further use.

17.2.3 Drug and Chemicals 
Carrageenan was purchased from Hi Media Laboratories Pvt. Ltd. Mumbai, 
India; eggs were bought from the local market. All the other used solvents 
and chemicals used were of analytical grade.

17.2.4  Anti-inflammatory Activity 
17.2.4.1 Carrageenan-induced rat paw edema
Healthy Spargue Dawley rats were obtained from the central animal house, 
Lovely Professional University after approval from Institutional Animal 
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Ethics Committee vides approval number: 954/ac/06/CPCSEA/09/12. 
Experimental animals were divided randomly into six groups with five 
animals in each group. 

 Group I-Carrageenan 
 Group II-Carrageenan + Indomethacin 20 mg/kg  
 Group III-Carrageenan + AEE 50 mg/kg
 Group IV-Carrageenan + AEE 100 mg/kg
 Group V-Carrageenan + AEE 200 mg/kg
 Group VI-Carrageenan + AEE 100 mg/kg + Indomethacin 20 mg/kg 

The aqueous: ethanol extract of AEE was evaluated for its anti-
inflammatory activity.24 Acute inflammation was produced by sub-
plantar injection of 0.1 ml of 1 percent carrageenan in 0.3 percent CMC in 
the right hind paw of the rats, 30 min after the oral administration of the 
drug/extract. The paw volume was measured by using plethysmometer, 
at the intervals of 0, 30, 60, 120, 180 and 240 min after the carrageenan 
injection. 

17.2.4.2 Fresh egg albumin-induced paw edema
 Group I-egg albumin (0.1 ml, without dilution) 
 Group II-egg albumin + Indomethacin 20 mg/kg
 Group III-egg albumin + AEE 50 mg/kg
 Group IV-egg albumin + AEE 100 mg/kg
 Group V-egg albumin + AEE 200 mg/kg
 Group VI-egg albumin + AEE 100 mg/kg + Indomethacin 20 mg/kg

The paw edema was induced by sub-plantar injection of 0.1 ml of 
fresh egg albumin in the right hind paw of the rats, 30 min after the oral 
administration of the drug/extract. Anti-inflammatory activity was measured 
during carrageenan-induced inflammation and percentage inhibition of 
inflammation was calculated using the following formula.25 

Percent inhibition = {(edema volume in control – edema volume in 
treated)/edema volume in control} × 100

17.3 RESULTS AND DISCUSSION 
The result of carrageenan-induced rat paw edema is shown in  
Table 17.1. The AEE extract at doses of 100 and 200 mg/kg shows reduction 
in paw volume (33.77 and 21.0 percent respectively) at 240 min, whereas at  
50 mg/kg maximum reduction were (4.26 percent) after 30 min. In case 
of 100 mg/kg + 20 mg/kg indomethacin shows maximum inhibition  
(48.74 percent) after 240 min. 

Carrageenan is the phlogistic agent of choice for testing anti-
inflammatory substances as it is not known to be antigenic and is devoid 
of apparent systemic effects. Moreover, the experimental model exhibits 
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a high degree of reproducibility. Carrageenan-induced rat paw edema  
was markedly inhibited by pretreatment at different dose level i.e. 50, 100,  
200 mg/kg with respect to control animals.

Table 17.1 Anti-inflammatory activity of A. vulgaris using carrageenan-induced 
inflammation on hind paw of rats

Groups 0 min 30 min 60 min 120 min 180 min 240 min

Group I 0.87±0.010 0.94±0.006 1.08±0.006 1.11±0.010 1.13±0.011 1.19±0.009
Group II 0.80±0.014

(8.05%)
0.79±0.013
(15.96%)

0.70±0.013
(35.19%)

0.67±0.011
(39.63%)

0.68±0.010
(39.82%)

0.67±0.013
(43.69%)

Group III 0.86±0.035
(1.15%)

0.90±0.030
(4.26%)

1.04±0.024
(3.70%)

1.10.98±0.027
(0.90%)

1.12±0.031
(0.88%)

1.19±0.028
(0%)

Group IV 0.68±0.038
(21.84%)

0.71±0.037
(24.47%)

0.74±0.352
(31.48%)

0.76±0.035
(31.53%)

0.79±0.039
(30.09%)

0.80±0.039
(32.77%)

Group V 0.78±0.013
(10.34%)

0.80±0.016
(14.89%)

0.83±0.013
(23.15%)

0.85±0.007
(23.42%)

0.86±0.010
(23.89%)

0.94±0.010
(21.01%)

Group VI 0.83±0.010
(4.60%)

0.74±0.006
(21.28%)

0.67±0.004
(37.96%)

0.64±0.004
(42.34%)

0.62±0.007
(45.13%)

0.61±0.007
(48.74%)

Values are expressed as mean ±SEM, n = 5, values given in the parenthesis are percentage 
change with respect to the control group of the respective time.

The effect on paw volume with time duration induced by fresh 
egg albumin-induced acute inflammation is shown in Table 17.2. The 
inflammation induced by fresh egg albumin in different groups was 
compared with control animals group, revealing that after 240 min at different 
doses moderate effect against acute inflammation was observed. At dose of  
100 and 200 mg/kg the percentage protection against inflammation was 
same (22.22 percent). At dose of 100 mg/kg AEE + 20 mg/kg indomethacin 
the maximum effect was observed 24.14 (120 min), 28.57 (180 min) and 
26.66 percent (240 min).

Table 17.2 Anti-inflammatory activities of A. vulgaris using fresh egg albumin- 
induced inflammation on hind paw of rats

Groups 0 min 30 min 60 min 120 min 180 min 240 min
Group I 0.76±0.793 0.80±0.079 0.84±0.077 0.87±0.068 0.91±0.064 0.90±0.029
Group II 0.61±0.011

(19.74%)
0.62±0.010

(22.5%)
0.62±0.010
(26.19%)

0.62±0.010
(28.74%)

0.62±0.012
(31.87%)

0.62±0.013
(31.11%)

Group III 0.68±0.055
(10.53%)

0.72±0.051
(10%)

0.76±0.045
(9.52%)

0.76±0.047
(12.64%)

0.77±0.046
(15.38%)

0.78±0.028
(13.33%)

Group IV 0.63±0.050
(17.11%)

0.66±0.034
(17.5%)

0.68±0.046
(19.05%)

0.68±0.049
(21.84%)

0.69±0.049
(24.18%)

0.70±0.039
(22.22%)

Group V 0.61±0.035
(19.74%)

0.64±0.034
(20%)

0.67±0.035
(20.24%)

0.67±0.031
(22.99)

0.70±0.031
(23.08%)

0.70±0.010
(22.22%)

Group VI 0.63±0.051
(17.11%)

0.64±0.054
(20%)

0.66±0.054
(21.43%)

0.66±0.052
(24.14%)

0.65±0.053
(28.57%)

0.66±0.077
(26.66%)

Values are expressed as mean ±SEM, n = 5, values given in the parenthesis are percentage 
change with respect to the control group of the respective time.
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The early phase (1-2 hr) of carrageenan model is mainly mediated 
by histamine, serotonin and increased synthesis of prostaglandins in the 
damaged tissue surroundings. The latter phase is sustained by prostaglandin 
release and mediated by bradykinin, leukotrienes, polymorphonuclear cells 
and prostaglandins produced by tissue macrophages.26,27

17.4 CONCLUSION
The results of the present study confirmed the aqueous ethanolic extract 
of A. vulgaris aerial part, shows a protective effect against inflammation 
induced by carrageenan and fresh egg albumin-induced inflammation. 
Further studies are required to evaluate the chemical constituents 
responsible for activities. 
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Pharmacological Update of  
Anthraquinones

18.1 INTRODUCTION 
Traditional drugs have given an important lead in drug search, resulting 
in the discovery of novel molecules.1 Anthracene glycosides are also 
known as anthracenosides. They are purgative in nature. On hydrolysis, 
they produce glycones like dianthrone, anthraquinone or anthrone. The 
sugars are arabinose, rhamnose or glucose. Anthraquinones (Fig. 18.1) 
are the active constituents and are responsible for the biological activity 
of the anthracene glycoside containing drugs. In addition to the use in 
treating constipation, they are also used for the treatment of skin disease 
like psoriasis and ringworm (Fig. 18.2).

Anthraquinones are one such class of organic compounds which serve as 
a basic building block for a number of naturally and synthetic derivatives, 
widely used as a colorants in food, drugs, cosmetics, hair dyes and textiles.2,3 
These derivatives, usually in the form of glycosides or rhamnosides, are the 
active components in a number of crude drugs having various pharmacological 
properties such as antimicrobial, antifungal, analgesic and antihypertensive, 
antimalarial, anti-oxidant) antileukemic and mutagenic functions.

Figure 18.1 Structure of anthraquinone.

Chapter 18
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Figure 18.2 Structure of common anthracene glycosides.
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The presence of the sugar residue is a prerequisite for the pharmacological 
effects of anthraquinones, since the sugar moiety increases the solubility 
of the molecule and facilitates its transport to the site of action. They are 
hydrolyzed in the colon by the enzymes of the microflora.4,5 

However, natural anthraquinones are distinguished by a large structural 
variety, a wide range of biological activity and low toxicity. Only a few 
medicinal plants have attracted the interest of scientists to investigate the 
remedy from anthraquinone. Hence, an attempt has been made to review 
some anthraquinone and its derivatives presents in medicinal plants used 
for the prevention and treatment of different disorders.

18.2 PHARMACOLOGICAL ACTIVITIES 

18.2.1 Anticancer Activity
Anthraquinone monomers showed higher antitumor promoting activity than 
the bianthraquinones.6 (10 anthraquinones rubiadin, rubiadin 1-methyl ether, 
lucidin, damnacanthol, 1,3-dihydroxy-2-methoxymethylanthraquinone, 
3-hydroxy-1-methoxy-2-methoxymethylanthraquinone, nordamnacanthal, 
damnacanthal, sorandidiol and morindone were isolated from Morinda 
citrifolia Linn. root. 1,3-dihydroxy-2-methoxymethylanthraquinone, 
3-hydroxy-1- methoxy-2-methoxymethylanthraquinone, nordamnacanthal, 
damnacanthal, sorandidiol and morindone exhibited remarkable inhibition 
against the activities of animal pols, and compound morindone found to be 
the strongest inhibitor investigated. The tendency of pol inhibition showed 
a positive correlation with the suppression of human colon cancer cell 
HCT116 growth and suggested that may be used as an anticancer functional 
food.7

 Six anthraquinones, nordamnacanthal, alizarin-1-methyl ether, rubiadin, 
soranjidiol, lucidin-w-methyl ether and morindone isolated from the 
cell suspension culture of Morinda elliptica were assayed for antitumor 
promoting and anti-oxidant activities at the concentration of 2.0 μg/ml. 
Morindone was found to be active as free radical scavenger with IC50 
of 40.6 μg/ml.8 In vitro assays for antitumor promoters were carried out 
for several derivatives chrysophanol, emodine, cassiamin C, cassiamin A, 
cassiamin B, 1,10,3,8,80-pentahydroxy-30,6-dimethyl (2,20-bianthracene)-
9,90,10,100-tetrone, madagas-carin and 70-chloro-1,10,60,8,80-pentahydroxy-3, 
30-dimethyl(2,20-bianthracene)-9,90,10,100-tetrone were isolated from  
Cassia siamea. Apart from cascaroside A, various derivatives isolated aloe-
emodin, 1,10,8,80-tetrahydroxy-3,30-dihydroxymethyl(2,20-bianthracene)-9, 
90,10,100-tetrone and 1,10,30,8,80-pentahydroxy-3-hydroxymethyl-60-methyl 
(2,20-bianthracene)-9,90,10,100-tetrone.6

Nordamnacanthal, damnacanthal and 1-hydroxy-2-hydroxymethyl- 
3-methoxyanthraquinone isolated from the roots and stems of Prismatomeris 
fragrans exhibited cytotoxicity to BC cell line while 1,3-dihydroxy- 
2-methyl-5,6-dimethoxy-anthraquinone, anthraquinones, nordamnacanthal, 
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damnacanthal, rubiadin, rubiadin-1-methyl ether and b-acetylolean-12-en-
28-olic acid exhibited cytotoxicity to NCI-H187 cell line.9

Mollugin, 1-hydroxy-2-methylanthraquinone, 2-ethoxymethylanth-
raquinone, rubiadin, 1,3-dihydroxyanthraqunone, 7-hydroxy-2-methylanth-
raquinone, lucidin, 1-methoxymethyl anthraquinone and lucidin-3-O-pri-
meveroside isolated from the roots of Rubia tinctorum showed mutagenicity 
with Salmonella typhimurium TA100 and/or TA98. The maximum antimuto-
genic activity was exhibited by 1,3-dihydroxyanthraquinones.10

Aloe emodin isolated from the seeds of Rhamnus frangula L., assayed for 
tumor-inhibitory activity. It was found that the compound showed significant 
antileukemic activity against the P-388 lymphocytic leukemia in mice.11 

Aloesin, aloe-emodin and barbaloin extracted from Aloe vera leaves 
exhibited significant prolongation of the life span of tumor-transplanted 
animals. Also A. vera active constituents exhibited significant inhibition 
on Ehrlich ascite carcinoma cell number, when compared to the positive 
control group. Moreover, in trypan blue cell viability assay, active principles 
showed a significant concentration-dependent cytotoxicity against acute 
myeloid leukemia and acute lymphocytes leukemia cancerous cells. 
Furthermore, in MTT cell viability test, aloe-emodin was found to be active 
against two human colon cancer cell lines (i.e. DLD-1 and HT2), with IC50 
values of 8.94 and 10.78 μM, respectively.12 

In vivo mouse comet assay was performed on both isolated kidney and 
colon cells in order to demonstrate a possible organospecific genotoxicity 
after oral administration of Aloe emodin. It induced a clear genotoxic 
activity both in the Salmonella typhimurium strains TA1537 and TA98 and 
in the in vitro micronucleus assay in the absence as well as in the presence 
of metabolic activation.13

Alizarin (1,2-dihydroxyanthraquinone), isolated from Rubia cordifolia L. 
was evaluated for its antigenotoxic potential against a battery of mutagens 
viz. 4-nitro-o-phenylenediamine and 2-aminofluorene in Ames assay using 
TA98 tester strain of Salmonella typhimurium; hydrogen peroxide (and 
4-nitroquinoline-1-oxide) in SOS chromotest using PQ37 strain of Escherichia 
coli and in Comet assay using human blood lymphocytes. The results 
showed that alizarin possessed a significant modulatory role against the 
genotoxicity of mutagens.14

Denbinobin, a 1,4-phenanthrenequinone, first isolated from the stems 
of Dendrobium moniliforme has been reported to exhibit antitumoral 
and anti-inflammatory activities.15 Three new anthrone-anthraquinones, 
scutianthraquinones A, B and C, one new bisanthrone-anthraquinone, 
scutianthraquinone D, and the known anthraquinone, aloesaponarin isolated 
from an ethanolic extract of the bark of Scutia myrtina compounds were 
tested against the A2780 human ovarian cancer cell line for antiproliferative 
activities, and against the chloroquine-resistant Plasmodium falciparum strains 
Dd2 and FCM29 for antiplasmodial activities. 

Compounds scutianthraquinones A, B and scutianthraquinone D 
showed weak antiproliferative activities against the A2780 ovarian cancer 
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cell line, while all compounds except aloesaponarin I exhibited moderate 
antiplasmodial activities against P. falciparum Dd2 and compounds 
scutianthraquinones A, B and scutianthraquinone D exhibited moderate 
antiplasmodial activities against P. falciparum FCM29.16 

18.2.2 Antimicrobial Effect 
18.2.2.1 Antimalarial activity

10-(Chrysophanol-7’-yl)-10-(xi)-hydroxychrysopanol-9-anthrone and chrys-
landicin, isolated from the roots of Kniphofia foliosa showed a high inhibition 
on the growth of the malaria parasite, P. falciparum with ED50 values of 
0.260 and 0.537 μg/ml, respectively. Bazouanthrone(3,5,8,9-tetrahydroxy-
2,4,4-tri-(3,3-dimethylallyl)-6-methyl-1-(4H)anthracenone), an anthrone  
derivative, with known compounds, feruginin A, harunganin, harunganol 
A, harunganol B, friedelan-3-one and betulinic acid isolated from the root 
bark of Harungana madagascariensis were tested for antiplasmodial activity 
in culture against W2 strain of Plasmodium falciparum. All the compounds 
were found to be active against the Plasmodium parasites with bazouan-
throne showing particular potency (IC50 = 1.80 μM).17 

18.2.2.2 Antibacterial activity

2-(hydroxymethyl)anthraquinone, isolated from the dried inner bark of 
Tabebuia impetiginosa exhibited strong activity against Helicobacter pylori 
with the paper disc diffusion assay In the MIC bioassay, 2-(hydroxymethyl)
anthraquinone (2 μg/ml), anthraquinone-2-carboxylic acid (8 μg/ml), and 
lapachol (4 μg/ml) were more active than metronidazole (32 μg/ml) but 
less effective than amoxicillin (0.063 μg/ml) and tetracycline (0.5 μg/ml).18 

Febrifuquinone, a new vismione-anthraquinone coupled pigment and a 
new bianthrone named adamabianthrone, were isolated respectively, from 
the roots of Psorospermum febrifugum and from the bark of Psorospermum 
adamauense showed significant antimicrobial activities against a wide range 
of bacteria and fungi.19 

Anthraquinone glycoside, rubiacordone A, isolated from the dried 
roots of Rubia cordifolia demonstared antimicrobial activities against Gram-
positive and Gram-negative bacteria by the disc diffusion method.20 

Zenkequinone B isolated from the stem bark of Stereospermum zenkeri 
exhibited a significant antimicrobial activity (MIC 9.50 μg/mL) against 
gram-negative Pseudomonas aeruginosa.17 Nordamnacanthal, damnacanthal 
and morindone isolated from the roots of Morinda elliptica were found to 
have a strong antimicrobial activity.21 

1,8-dihydroxy-2-methyl-3,7-dimethoxyanthraquinone, lucidin-3-O-b-pri-
meveroside, 1,3-dihydroxy-2-methylanthraquinone, lucidin-w -ethyl ether, 
lucidin-w -butyl ether, damnacanthol identified from Morinda angustifolia 
demonstrated significant antimicrobial activity with the disc diffusion 
assay.22 
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Emodin isolated from the ethyl acetate extract of the leaves of Cassia 
nigricans Vahl demonstrated significant antimicrobial activity. The LC50* of 
the emodin was found to be 42.77 μg/ml.23

Anthroquinone glycosides isolated from the methanolic extract of 
Thespesia populnea flowers showed antibacterial activity in the lowest tested 
concentration of 62.5 μg/ml and 125 μg/ml and were found to be active 
in a dose dependent manner.24

Newbouldiaquinone, naphthoquinone-anthraquinone ether coupled 
pigment from Newbouldia laevis demonstrated antimicrobial activity 
comparable with standard antibiotics.25

18.2.2.3 Anti-HIV activity 

Various anthraquinones substituted with OH, NH2, SO3Na, halogens, ar-
omatic, amines, etc., were evaluated against HIV-1. Among them 1,2,5, 
8-tetrahydroxyanthraquinone (EC50 = 3.29 μM), 1,2,4-trihydroxyanthraqui-
none (EC50 = 3.44 μM), 3,4-didhydroxy-9,10-dioxo-2-anthracene-sulfonic 
acid (EC50 = 3.48 μM) poly-phenolic and poly-sulfate substituted anth-
raquinones were found to be most effective. Amino or halogen substituted 
anthraquinones exhibit low activity. Hypericin, an anthraquinone dimer 
exhibited a potent anti-HIV-1 activity (EC50** = 0.44 μM).26

18.2.2.4 Antifungal activity

Rhein, physcion, aloe-emodin and chrysophanol isolated from Rheum emodi 
rhizomes exhibited antifungal activity against Candida albicans, Cryptococcus 
neoformans, Trichophyton mentagrophytes and Aspergillus fumigatus (MIC25-
250 mg/ml).These pure compounds were compared with crude MeOH 
extract and anthraquinone derivatives were found to be more active.27

18.2.2.5 Antiviral activity

Chrysophanic acid isolated from Dianella longifolia, was found to inhibit 
the replication of poliovirus types II, III in vitro at a 50 percent effective 
concentration of 0.21 and 0.02 mg/ml respectively. Chrysophanic acid 
was compared with other isolated anthraquinones derivatives rhein, 
1,8-dihydroxyanthraquinone, emodin and aloe-emodin and was found to 
be most effective against poliovirus type III.28

Anthraquinone, chrysophanol 8-O-D-glucoside isolated from Rheum 
palmatum exhibited significant activity against HBV with an IC50 value of 
36.98 ± 2.28 μg/ml. Anthraquinone chrysophanol 8-O-D-glucosides was 
found to be the most active compound and suggested promising compound 
for the development of new anti-HBV drugs in the treatment of HBV 
infection.29

* LC50 = Lethal concentration
**EC50 = The half maximal effective concentration
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18.2.3 Antihypertensive Activity 
 (ACE Inhibitor Activity)

Glucoaurantioobtusin, anthraquinone glycoside, isolated from Cassia tora 
demonstrated significant ACE inhibitor activity with an IC50 value of  
30.24 ± 0.20 μM.30

18.2.4  Anti-arthritic  and Anti-inflammatory Activity
Anthraquinone had the most preventive anti-arthritic activity recorded as 
compared with anthracene, anthranilic acid and cinnamic acid isolated from 
Aloe vera gel (Davis et al., 1986). Anthraquinones from Rubia cordifolia exhibited 
anti-inflammatory activity, anti-exudative effect and antiproliferative action 
during the rapid development of a model edema.31

18.2.5 Anti-oxidant Activity
Rubidianin, isolated from alcoholic extract of Rubia cordifolia demonstrated 
significant anti-oxidant activity. It prevented lipid peroxidation induced by 
ferrous sulfate and t-butylhydroperoxide in a dose-dependent manner. The 
anti-oxidant activity of rubidianin was found to be more when compared 
with mannitol, vitamin E and p-benzoquinone.32 

18.2.6 Anti-osteoporotic Activity
Rubiadin-1-methyl ether and 2-hydroxy-1-methoxy-anthraquinone, isolated 
from ethanolic extract of the roots of Morinda officinalis promoted 
osteoblast proliferation, while 1,2-dihydroxy-3-methylanthraquinone and 
1,3,8-trihydroxy-2-methoxy-anthraquinone increased osteoblast ALP activity. 
All of the isolated compounds inhibited osteoclast TRAP activity and bone 
resorption. But physicion and 2-hydroxymethyl-3-hydroxyanthraquinone 
exhibited maximum inhibitory effects on osteoclastic bone resorption.33

18.2.7 Cognition-enhancing Activity
Glucoobtusifolin (1, 2, and 4 mg/kg, PO) and obtusifolin (0.25, 0.5, 1, and 
2 mg/kg, PO) isolated from the seeds of Cassia obtusifolia L., significantly 
reversed scopolamine-induced cognitive impairments in the passive 
avoidance test. Both compounds improved escape latencies, swimming 
times in the target quadrant, and crossing numbers in the zone where the 
platform previously existed in the Morris water maze test. Furthermore, the 
compounds demonstrated inhibitory activity against acetylcholinesterase 
in vitro, glucoobtusifolin and obtusifolin (IC50 = 37.2 and 18.5 μM, 
respectively) and ex vivo.34
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18.2.8 Hepatoprotective Activity
Four novel anthraquinone-benzisochromanquinone dimers, named floribun-
diquinones A, B, C, and D, along with six known anthraquinones, 10-(chrys-
ophanol-7’-yl)-10-hydroxychrysophanol-9-anthrane, physcion, chry-sophanol, 
1,5,8-trihydroxy-3-methyl-anthraquinone, aloe-emodin and xanth-orin were 
isolated from the roots of Berchemia floribunda. Hepatoprotective activities 
were evaluated against D-galactosamine-induced toxicity in WB-F344 rat 
hepatic epithelial stem-like cells.35 

18.2.9 Laxative Activity
Herbs containing anthraquinone derivatives (rhubarb, senna, frangula, 
cascara, aloe) are used as laxatives. Emodin, iso-emodin, aloe-emodin, and 
chrysophanol obtained from extracts of Cascara sargada, when administered 
separately, has little purgative effect. Yet the three given in admixture 
produces a good purgative action. The leaf and flower of Cassia podocarpa 
having anthraquinone glycosides, free aglycone showed laxative activity.36

18.2.10 Miscellaneous Activities
In addition, laxative and diuretic activities are also reported for 
anthraquinones.37,38 Plants containing 1-hydroxyanthraquinone have been 
widely used for pharmaceutical purposes such as treatment of kidney and 
bladder stones, as a laxative mixture, and as a mild sedative.3,39
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Evaluation of  Novel Strategies 
for the Treatment of  Aluminum-

Induced Dementia in an 
Experimental Model
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19.1 INTRODUCTION 
Aluminum is a ubiquitous metal, which is potentially toxic to man. 
Aluminum (Al) accumulation has been implicated as a causative factor in 
a variety of disorders, abnormally high amounts of the metal have been 
found in various neurological conditions; including dialysis encephalopathy, 
amyotrophic lateral sclerosis, Down syndrome and Alzheimer’s disease.1 

Aluminum can readily cross the blood brain barrier after systemic 
administration and may use the same high affinity receptor ligand system 
that has been postulated for iron. Once in the brain, Al accumulates in 
various regions including the hippocampus where it can interfere with 
synaptic plasticity in a dose dependent manner. Application of different 
Al salts has generated neurofibrillary degeneration similar to that found 
with patients of dementia.2

The full scale of mechanisms underlying Al neurotoxicity probably 
involves multiple pathways. It has been reported that Al may interfere 
with neuronal signaling through interactions with glutamate receptors or 
calcium channels and/or intracellular calcium homeostasis.3 Considerable 
evidence has been provided for interaction of Al with the cholinergic 
system.4 Al was described to interfere with cholinergic transmission and 
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signaling. The cholinergic system is also known to be particularly affected 
in AD and cholinergic signaling is largely involved in learning and memory 
mechanisms.5 

Al can induce neuronal and glial cell death, extensive loss of synaptic 
contacts, and can at least potentiate the deposition of aggregated b -amyloid 
protein in the brain parenchyma and within the cerebro-meningeal vasculature 
which in turn can promote inflammatory events.6,7 Al can also interfere with 
axonal transport through binding of tau protein and other neurofilament 
peptides and the degeneration of neurofibrils in a tangle-like conformation.8 
Advances in the understanding of both the bioinorganic chemistry of Al 
and the biochemistries of tau and amyloid precursor protein (APP) have 
strengthened the link between Al and neurofirillary tangles (NFTs) and senile 
plaques (SPs) from one of association to one approaching an etiology.9 

Aluminum has long been implicated in clinical conditions like senile and 
presenile dementia of the Alzheimer’s type. AD is the most common form of 
dementia in the elderly. AD is characterized histopathologically by extensive 
brain atrophy caused by neuron loss,10 intraneuronal accumulation of paired 
helical filaments (PHFs) composed of abnormal tau proteins-neurofibrillary 
tangles,11 and extracellular deposits of b -amyloid peptide (Ab ) in neuritic 
plaques that are surrounded by a tract of neuroinflammation in specific 
regions of the brain parenchyma including the cortex and hippocampus.12 
In addition to the neuropathologic lesions associated with AD, significant 
deficits in neurochemical functions and indices have been observed. 

Treatment with cholinesterase inhibitor drugs is currently the standard of 
care.13 But the average durations of treatment and beneficial effects are not 
optimal in all cases, because of disappointing efficacy or poor tolerability of 
the initial treatment as well as secondary efficacy failure or adverse effects 
emerging during the maintenance phase.14 Moreover, no treatment has been 
shown to significantly delay the progression of the disease. Therefore, efforts 
to identify novel approaches in the management of patients with AD are 
required. This chapter attempts to detect any improvement over presently 
available drugs using hitherto less commonly tried therapies in AD. 

Observations of the effects of in vitro chronic exposure of primary 
cultured neurons to Al have shown that some of these neurodegenerative 
changes can be reversed by addition of these novel agents to the culture. 
Hence, the present study has been designed to investigate in vivo the novel 
strategies targeting the various mechanisms implicated in the Al induced 
neurotoxicity leading to dementia.15

19.2 MATERIALS AND METHODS

19.2.1 Experimental Animals
The present study was conducted in randomly selected adult Wistar rats of 
either sex (150-200 g, 6 months). The animals were procured from the animal 
house of the institute. All the animals were housed in separate polypropylene 
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cages (10 inch × 15 inch) containing two rats each in the departmental animal 
room under standard laboratory conditions of ambient temperature of  
25 ± 2°C, with relative humidity of 65 ± 5 percent and a 12-dark/light cycle. 
All the animals were allowed standard rodent pellet and tap water ad libitum. 
Each rat was used for experimentation only once. The experiments were 
performed between 10.00 hr and 13.00 hr to minimize circadian influences. 
The Institute Animal Committee has approved the study design. 

19.2.2 Drugs and Chemicals
Huperzine A was gifted by Shaanxi Jiahe Phytochem Co., Ltd., China. 
Rivastigmine was gifted by Torrent Pharmaceuticals Ltd., Ahmedabad. 
Pioglitazone, Atorvastatin were gifted by Ind-Swift Ltd., Chandigarh. 
Celecoxib was gifted by Unichem Laboratories Ltd., Mumbai. Glipizide 
was gifted by Sun Pharmaceutical Industries Ltd., Mumbai. Insulin was 
purchased from Knoll Pharmaceuticals Ltd., Mumbai.

19.2.3 Aluminum-Induced Dementia Model
An experimental rat model of aluminum accumulation in the brain was 
developed to aid in determining neurotoxity of aluminum (Al). Aluminum 
chloride was dissolved in distilled water to prepare a solution of concentration 
10 mg/ml. Al was administered once daily by intraperitoneal injections of 
AIC13 (10 mg Al/kg body weight) for 30 days.

19.2.4 Experimental Model of Spatial Learning and 
Memory

1. Morris Water Maze

Apparatus
The apparatus consists of a circular water tank (130 cm in diameter; 50 cm 
in depth), filled up to a height of 30 cm with colored water maintained at 
25°C. The tank was hypothetically divided into four equal quadrants and a 
transparent escape platform made of plexiglass (10 cm in diameter, 29 cm 
in height) was placed in a fixed location in the center of one of the four 
quadrants 1 cm below the water surface. The platform was not visible from 
just above the water level, and transfer trials have indicated that escape 
onto the platform is not achieved by visual or other proximal cues.16 Many 
extra-maze cues surrounded the maze and were available for the rats to 
use in locating the escape platform. The platform remained fixed in this 
position during the training session.

Behavioral Paradigm
During habituation and all subsequent training and testing, the following 
conditions applied. Four cardinal points were randomly chosen as start 
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locations, and rats were released facing the wall of the pool. The latency to 
find the hidden platform was recorded and used as a measure of acquisition 
of the task. If the rats could not locate a platform within 120 s, the trial was 
terminated and the rat was guided to the platform by the experimenter. 
After having found the platform, rats were left on it for 30 s before being 
placed back in their cage. A blower placed in the room was used to dry 
the rats after testing.

Training
Training in the maze took place over the following 5 days with one session 
of four trials. The platform remained in the same place during all the 
training sessions. Training was followed immediately by Test Session (TS1).

Testing 
The procedure during all subsequent test sessions was identical to the 
training with an intertrial interval (ITI) of approximately 2-3 min. All 
parameters were counterbalanced between and within groups. 

2. Passive Avoidance Task

Apparatus
A one trial step through passive avoidance task was carried out.17 The 
apparatus for the step-through passive-avoidance test was divided into an 
illuminated compartment and a dark compartment of the same size by a 
wall with a guillotine door.

Adaptation Trial 
In the experimental session, each mouse was trained to adapt to the 
step-through passive avoidance apparatus. The animal was put into the 
illuminated compartment, facing away from the dark compartment. After 
10 s, the door between two boxes was opened and the mouse was allowed to 
move into the dark compartment freely. The latency to leave the illuminated 
compartment was recorded. 

Training Trial 
Two hours after the adaptation trial, the mouse was again put into the 
illuminated compartment. The learning trial was similar to the adaptation 
trial except that the door was closed automatically as soon as the mouse 
stepped into the dark compartment and an inescapable foot-shock (100 V, 
2 s) was delivered through the grid floor.

Retention Test
The retention of passive avoidance response was measured 1, 15 and 30 days 
after the learning trial. Each animal was again put into the illuminated 
compartment and the latency to re-enter the dark compartment was 
recorded. No foot shock was delivered while the retention test was 
performed. The maximum cut off time for step through latency was 300 s.
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3. Elevated Plus Maze

The elevated plus-maze test was used to evaluate spatial long term memory, 
following the procedure described.18 

Apparatus 
The apparatus consisted of two open (50 × 10 cm) and two closed arms  
(50 × 10 × 40 cm) facing each other with an open roof extending from a 
central platform mounted on a plywood base raised 50 cm above the floor. 
Light levels on the open and closed arms were similar.

Training
On the 1st day, each mouse was placed at the end of an open arm. The 
TL, the time taken by the mouse to move into one of the enclosed arms 
was recorded on the 1st day. An arm entry is defined as the entry of all 
the four feet of the animal into the closed arm. If the animal did not enter 
an enclosed arm within 90 s, it was gently pushed into one enclosed arm, 
and the TL was assigned as 90 s. The mouse was allowed to explore the 
maze for 20 s and was then returned to its home cage.

Retention Trial
Retention was examined 1, 15 and 30 days after the 1st day trial. Each mouse 
was again placed into the maze, and the TL was recorded. A long latency 
period to reach the enclosed arm indicated poor retention as compared 
with significantly shorter latencies.

4. Rota Rod Procedure19

This measured the muscle strength and coordinated movements of the 
animals. Rats were placed on the metallic rod (2 cm) in diameter rotating 
at a rate of eight revolutions per minute. Circular section divided the linear 
space of the rod into four lengths so that four rats could be tested together. 
The rats were initially screened for their ability to maintain themselves on 
the rotating rod for more than 3 min. If the animal after treatment could 
not remain on the rod for three successive trials of 3 min each, the test was 
considered positive i.e., motor in coordination was produced by the test 
compound. Rota Rod performance was evaluated as fall-off time in seconds 
from the rotating rod (8 rpm/min) within a period of 3 min. 

All the animals were treated with aluminum chloride and were given 
specific treatments according to their groups (each group containing  
10 animals) for the last 15 days (i.e., 16th to 30th day) of aluminum chloride 
treatment as follows:
A. Control: A separate control group was maintained under conditions 

similar to that of test groups except that these animals received Al for 
the complete study period i.e., 30 days.

B. Vehicle: Was maintained under similar conditions to that of the test 
groups except that these animals were maintained without Al and were 
given normal saline IP for 30 days. 
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Treatment Groups
Drug for last 15 days

C. Huperzine A treated group: Huperzine A in a dose of 0.2 mg/kg/day 
IP

D. Rivastigmine treated group: Rivastigmine in a dose of 0.4 – mg/kg/day 
IP

E. Insulin treated group: Insulin in a dose of 0.1 U/kg/day IP

F. Glipizide treated group: Glipizide in a dose of 20 mg/kg/day IP

G. Pioglitazone treated group: Pioglitazone in a dose of 10 mg/kg/day IP

H. Atorvastatin treated group: Atorvastatin in a dose of 10 mg/kg/day IP

I. Celecoxib treated group: Celecoxib in a dose of 5 mg/kg/day IP

Schedule: One baseline and two more readings of the behavioral 
paradigms were taken at 15th and 30th day of the experiment. 

STATISTIcAl ANAlYSIS

All data are presented as mean ±SD

The following comparison was made: 

•	 Intergroup comparison
•	 Intragroup comparison

Difference between groups was calculated with One-Way ANOVA 
supplemented with post hoc Scheffe’s test. P value ≤ 0.05 was considered 
to be statistically significant.

19.3 RESULTS

19.3.1 Aluminum Model of Dementia
An experimental rat model of aluminum accumulation in the brain was 
developed to aid in evaluating the neurobehavioral changes reminiscent of 
those observed in AD. Al was administered intraperitoneally (10 mg/kg/day) 
for 30 days to the control group. The vehicle group was given normal saline 
IP for the same period. Performance of both the groups was assessed at 
15-day interval in all the three-neurobehavioral paradigms. 

Tables 19.1, 19.2 and 19.3, give the latency values in the Morris water 
maze, Passive avoidance task and elevated plus maze (Mean SD). The 
performance of the control group animals at all the three parameters was 
significantly lower than the vehicle group. There was a constant decline 
in cognitive function over the 30-day period. The values at 15-day period 
show statistical significance showing that Al leads to loss of memory at 
this period. The values at 30-day period are highly significant in the tests 
performed. 
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Figure 19.1 compares the latency values with the control and vehicle 
treatment in the different tasks performed at day 1, 15 and 30. P value for 
the vehicle group was significant at day 15 and 30.

Aluminum model of dementia 
Table 19.1 Latency values (in seconds) in neurobehavioral paradigms at Day 1 

(Mean ±SD)

 Morris Water Maze Passive Avoidance Test Elevated Plus Maze

Vehicle 20 (7.9) 295.8 (11.7) 32.8 (10.5)
Control 17.6 (9.4) 283.3(32.5) 33.9 (11.8)

P = not significant

Table 19.2 Latency values (in seconds) in neurobehavioral paradigms at Day 15 
(Mean ±SD)

 Morris Water maze* Passive Avoidance Test* Elevated Plus Maze*

Vehicle 21.7 (7.6) 253.2 (36.9) 35.5 (13.1)
Control 49.7 (11.7) 142.5 (24.8) 51.2 (14.9)

Table 19.3 Latency values (in seconds) in neurobehavioral paradigms at Day 30 
(Mean ±SD)

 Morris Water Maze# Passive Avoidance Test# Elevated Plus Maze#

Vehicle 23.8 (8.4) 232.5 (40.5) 44 (11.3)
Control 63.5 (14.5) 62.8 (16.9) 71.1 (13.8)

Figure 19.1 Comparison of the latency values with the control and vehicle 
treatment in the different tasks performed at day 1, 15 and 30. 
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19.3.2 Learning and Memory in Morris Water Maze 
Paradigm

Water Maze represents a more specific test for spatial memory, not 
confounded by working memory defects. The decrease in the latency to 
escape on the hidden platform on subsequent trials is associated with a 
true spatial learning and memory about the location of the platform. 

The baseline retention (memory) values of escape latency among control 
(Al treated group for 30 days) and drug treatment groups (drug treatment 
during the last 15 days i.e., day 16 to day 30) are given in Table 19.4. There 
is no statistical difference in baseline values of all the groups (P = 36).

On treatment with Al for 15 days, there was no difference among the 
groups for the escape latencies as expected, since all the animals received Al 
treatment to cause dementia (between groups (P = 09), Table 19.5. During 
this period there was decline in cognitive function among the groups. 

Table 19.6. shows the latency period values after drug treatment for the 
last 15 days. The treatment did not lead to any significant improvement 
in escape latencies showing that drug treatment was unable to reverse the 
decline in cognitive function caused by Al administration. Rivastigmine 
and huperzine groups though not significant to the control, have values 
that show some improvement in memory as compared to the other drug 

Table 19.4 Latency to escape on the platform in Morris Water Maze Paradigm 
Day 1

Groups Control Riva- 
stigmine

Huper- 
zine

Pioglita- 
zone

Insulin Glipizide Celecoxib Atorva- 
statin

Mean 17.6 19.3 18.7 26.4 24.4 19.2 25.6 23.5
SD 9.4 7.77 7.15 16.77 9.75 8.02 9.38 12.46

P = not significant for all comparisons

Table 19.5 Latency to escape on the platform in Morris Water Maze Paradigm 
Day 15

Groups Control Riva- 
stigmine

Huper- 
zine

Pioglita- 
zone

Insulin Glipizide Celecoxib Atorva- 
statin

Mean 49.7 38.5 41.2 37.9 51.1 35.6 37.3 45.8
SD 11.68 10.76 16.56 21.81 12.86 18.65 11.56 12.32

P = not significant for all comparisons

Table 19.6 Latency to escape on the platform in Morris Water Maze Paradigm 
Day 30

Groups Control Riva- 
stigmine

Huper- 
zine

Pioglita- 
zone

Insulin Glipizide Celecoxib Atorva- 
statin

Mean 63.5 45.2 47.2 54.7 64.1 56.5 55.5 58.6
SD 14.53 9.86 17.1 14.59 14.44 14.53 14.8 11.32

P = not significant for all comparisons
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treated groups. Figure 19.2 shows the effect of Al and subsequent treatment 
with the drugs for effect on the latency values in the Morris water maze 
paradigm.

Figure 19.2 Effect of Al and subsequent treatment with the drugs for effect on 
the latency values in the Morris water maze paradigm.

Color image of this figure appears in the color plate section at the end of the book.

Figure 19.3 shows the comparison between the mean difference in escape 
latencies at the three separate readings at days 1, 15 and 30. There is an 
increase in escape latency among the groups at day 15 from the baseline 

Figure 19.3 Comparison between the mean difference in escape latencies at the 
three separate readings at days 1, 15 and 30.
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values but is not significant. This increase in escape latency (signifying  
loss of memory) continues further even on treatment with the drug in the  
last 15 days, but when compared to the control the values were not 
significant except the vehicle treated group (between groups P value D 15 to  
D 30 = 0.06).

Cognitive function assessed by passive avoidance task

It is a classic model for the assessment of cognitive performance after 
brain lesions or pharmacological manipulation. The latency of the animal 
from stimuli onset to escape after the pre-training is related to retention 
of memory task.

Table 19.7 shows the initial baseline retention latencies to enter the dark 
arm among control and treatment groups. There is no significant difference 
in the initial retention latencies to enter (LTE) between the groups (P = 94).

On testing for retention latency AICl3·6H2O treated animals showed 
reduced latencies compared to the vehicle group, Table 19.8. There was no 
significant difference among the control and drug treated groups (P = 37).

On treating Al treated rats with drugs Table 19.9 and Fig. 19.4; there 
was no significant improvement in LTE among the drug treated groups. 
Rivastigmine and huperzine treatment groups though not significant as 
compared to the control have improved values as compared to the other 
treatment groups. The vehicle has significant value (P = 001) to control 
showing that Al causes significant decline in cognitive function at a dose 
of 10 mg/kg body weight IP given for 30 days.

TABLE 19.7 Retention latency in Passive Avoidance Task Day 1

Groups Control Riva- 
stigmine

Huper- 
zine

Pioglita- 
zone

Insulin Glipizide Celecoxib Atorva- 
statin

Mean 283.3 269.3 259.9 278.5 276.8 271 281.5 286.9
SD 32.48 64.8 57.63 47.84 19.92 53.47 51.24 41.42

P = not significant for all comparisons

Table 19.8 Retention latency in Passive Avoidance Task Day 15

Groups Control Riva- 
stigmine

Huper- 
zine

Pioglita- 
zone

Insulin Glipizide Celecoxib Atorva- 
statin

Mean 142.5 141.6 152.3 167 172.1 142.3 181.3 179
SD 24.79 61.47 65.9 74.69 71.52 65.9 90.6 101.36

P = not significant for all comparisons

Table 19.9 Retention latency in Passive Avoidance Task Day 30

Groups Control Riva- 
stigmine

Huper- 
zine

Pioglita- 
zone

Insulin Glipizide Celecoxib Atorva- 
statin

Mean 62.8 114.9 129.8 88.13 96 79.1 67.6 93.2
SD 16.94 62.24 63.89 47.25 46.37 77.11 52.05 84.79

P = not significant for all comparisons
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Figure 19.4 No significant improvement in LTE among the drug treated groups. 
Rivastigmine and huperzine treatment groups though non-significant 
as compared to the control have improved values as compared to the 
other treatment group.

Color image of this figure appears in the color plate section at the end of the book.

Figure 19.5 shows the mean difference in values between Day 1 and 
Day 15 among the groups. The values show the decline in retention 
latencies caused by Al induced decline in cognitive function. The same 
graph shows the difference in groups treated with the drug for 15 days 
to see improvement in escape latencies with the treatment. There was no 

Figure 19.5 Mean difference in values between Day 1 and Day 15 among the 
groups. The values show the decline in retention latencies caused by 
Al induced decline in cognitive function.
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significant improvement among the groups with the drug treatment. There 
was a further decline in retention latency in the control group as compared 
to the vehicle treated group. The P values for Di15 to 30 for the rivastigmine 
and huperzine are 4 and 5, respectively. These two groups show better 
performance in comparison to the other categories.

19.3.3 Elevated Plus Maze
There was no significant difference in transfer latencies among the groups 
(control vs. drug treatment) at the baseline, Day 1 (Table 19.10).

Table 19.10 Transfer latency to enter the dark arm in Elevated plus Maze Day 1

Groups Control Riva- 
stigmine

Huper- 
zine

Pioglita- 
zone

Insulin Glipizide Celecoxib Atorva- 
statin

Mean 33.9 35.5 39.5 38.4 34.3 40.1 37.9 41.7
SD 11.81 21.44 18.48 29.09 26.4 11.75 16.2 15.4

P = not significant for all comparisons

Transfer latency in Al treated group increased, although there is no 
significant difference among the groups at day 15 (between groups P = 55) 
(Table 19.11).

Table 19.11 Transfer latency to enter the dark arm in Elevated plus Maze Day 15

Groups Control Riva- 
stigmine

Huper- 
zine

Pioglita- 
zone

Insulin Glipizide Celecoxib Atorva- 
statin

Mean 51.2 48.8 52.1 56.9 52.3 59.3 49.6 58.3
SD 14.85 18.6 16.48 25.65 24.53 10.36 15.5 15.7

P = not significant for all comparisons

Al treatment for 30 days produced a significant increase in latency 
which was not reversed by the drug treatment, showing that the drugs 
are unable to correct the decline in cognitive function caused by aluminum 
(Table 19.12 and Fig. 19.6).

Table 19.12 Transfer latency to enter the dark arm in Elevated plus Maze  
Day 30

Groups Control Riva- 
stigmine

Huper- 
zine

Pioglita- 
zone

Insulin Glipizide Celecoxib Atorva- 
statin

Mean 71.7 54.8 60.3 68.6 66.4 70.8 65.3 69
SD 13.83 11.9 12.39 19.67 18.16 19.05 16.19 12.67

P = not significant for all comparisons

The mean differences in values among the groups are given in  
Tables 19.13 to 19.15. The non-significant difference at day 15 signifies 
that all the groups are similar in cognitive function before the start of the 
drug treatment. The difference between day 15 and 30 shows if there is 
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any improvement with the drug treatment. The decline in escape latency 
values is lesser with the drug treatment in almost all the treatment groups, 
rivastigmine and huperzine show better performance after the treatment 
among all the treatment groups, this values are not statistically significant, 
Fig. 19.7.

Figure 19.6 Significant increase in latency which was not reversed by the drug 
treatment, showing that the drugs are unable to correct the decline 
in cognitive function caused by aluminum.

Color image of this figure appears in the color plate section at the end of the book.

Figure 19.7 The decline in escape latency values is lesser with the drug treatment 
in almost all the treatment groups, rivastigmine and huperzine show 
better performance after the treatment among all the treatment groups, 
this value is not statistically significant.
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Table 19.13 Mean Difference in Transfer latency in Elevated plus Maze between 
Day 1 and Day 15 (Day 1-Day 15)

Groups Control Riva- 
stigmine

Huper- 
zine

Pioglita- 
zone

Insulin Glipizide Celecoxib Atorva- 
statin

Mean –21.3 –19.4 –18.1 –18.495 –13 –15.7 –15.7 –10.7
SD 11.85 19.65 29.43 30.69 29.13 8.89 19.71 15.84

P = not significant for all comparisons

Table 19.14 Mean Difference in Transfer latency in Elevated plus Maze between 
Day 15 and Day 30 (Day 15-Day 30)

Groups Control Riva- 
stigmine

Huper- 
zine

Pioglita- 
zone

Insulin Glipizide Celecoxib Atorva- 
statin

Mean –20.5 –5 –6.7 –7.333 –15.8 –23.5 –11.7 –7.7
SD 16.02 12.02 24.17 28.56 20.27 17.36 23.75 21.84

P = not significant for all comparisons

Table 19.15 Mean Difference in Transfer latency in Elevated plus Maze between 
Day 1 and Day 30 (Day 1-Day 30)

Groups Control Riva- 
stigmine

Huper- 
zine

Pioglita- 
zone

Insulin Glipizide Celecoxib Atorva- 
statin

Mean –41.8 –24.4 –24.8 –25.828 –28.8 –39.2 –27.4 –18.4
SD 18.29 22.07 27.69 32.79 26.23 21.53 26.04 24.69

P = not significant for all comparisons

19.4 DISCUSSION 
In this chapter, drugs from various categories namely anti-inflammatory 
agents, insulin sensitizing agents, lipid lowering agents and herbal 
medicine and cholinerterase inhibitors were tested in the aluminum model 
of dementia. Several interesting findings were observed in the study and 
the effect of these drugs on each parameter were discussed step by step.

Behavior can be defined as the end product of a variety of sensory, 
motor and integrative processes occurring in the nervous system.20 The 
functional capacity of the central nervous system cannot be determined 
by histological or even physiological studies independent of behavioral 
analysis.21

Neurobehavioral methods are being used with increasing frequency in 
toxicity studies to assess the deleterious effects of chemicals and physical 
factors on the presumption that they are more sensitive than other tests in 
determining toxicity due to the fact that behavior is a functional indicator 
of the net sensory, motor and integrative processes occurring in the central 
and peripheral nervous system. 

Aluminum chloride affect the nervous system and produce effects which 
are manifested in the form of a variety of symptoms and no single method/
test can evaluate its neurobehavioral toxicity. The present investigation 
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includes a battery of tests to evaluate neurobehavioral effects of AlCl3 
administered intraperitoneally to the rats to cause dementia.

19.4.1 Neurobehavioral Effects of Aluminum Chloride 
The neurobehavioral toxicity has been evaluated by using a battery of 
neuropsychobehavioral tests evaluating all aspects of memory, such as, 
spatial memory, conditioned response and working memory. The paradigms 
used in the study are Morris water Maze, Elevated plus Maze Passive 
avoidance test, rota rod test.

Spatial memory (a type of declarative memory) is evaluated by various 
models of which Morris water maze is considered to be the best model 
due to several advantages 1) Food and water deprivation is not required 
in this test, 2) water provides a uniform intra maze environment, thus 
eliminating any olfactory interference. In various experiments Morris water 
maze has been successfully used for evaluation of anti-dementia and anti-
amnesic drugs. 

The conditioning processes have been considered to be the basic element 
of learning.22 The ability to learn and remember has as adaptive value for 
an animal. The ability to learn allows an animal to escape or avoid aversive 
situations or, approach desirable objects and to store the memory of these 
contingencies for future use. However, the specific result of a toxic effect 
on learning must be interpreted within the limitations of the experimental 
design and in conjunction with controls that assess drug-induced changes 
on sensory, motor and motivational processes. One-way shock avoidance 
tasks require the animal to move from one compartment to another in order 
to avoid or escape the shock.23 This test has been included to evaluate the 
effect of Al salt on learning and memory.

A study on the effects of drugs on the motor activity is one of the 
important parameters in the neuropsychopharmacological investigations. 
The rota rod test has been devised as a simple and sensitive quantitative 
test for evaluation of muscle strength and motor co-ordination. Elevated 
plus maze was used for evaluation of anxiety. Nowadays it is also being 
used for evaluating learning and memory.

19.4.2 Al Model of Dementia
An aluminum-induced dementia model is a validated model of memory. 
Various studies have been done evaluating the aluminum-induced 
neurobehavioral effects and morphological changes in the rat brain.24,25 
Animals loaded with aluminum develop both symptoms and brain lesions 
that are similar to those found in AD.

The performance of the control group animals (Al treatment for  
30 days) at all the three-neurobehavioral paradigms was significantly lower 
than the vehicle group (normal saline treatment for 30 days). The decline 
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in cognitive function was assessed at 15th day and 30th day of treatment. 
There was a constant decline in memory of Al treated animals.

19.4.3 Cholinesterase Inhibitors and Dementia 
(Positive Control Group)

Efficacy of cholinesterase inhibitors is modest.26 They have no effect 
on disease progression and use for more than a year, has been largely 
unstudied. These are some important reasons why we have tried to find 
other strategies which have more benefits for treating dementia.

In this present study, rivastigmine showed modest benefits as shown 
by a lesser decline in cognitive function in comparison to the control, while 
the difference was not statistically significant, the performance of animals 
was much better in comparison to the other novel strategies tried.

Insulin, glucose and memory
Studies have confirmed that glucose administration can facilitate memory 
in healthy humans and in patients with Alzheimer’s disease. Interestingly, 
glucose effects on memory appear to be modulated by insulin sensitivity 
(efficiency of insulin mediated glucose disposal).27 Biological data suggests 
that insulin may contribute to normal cognitive functioning and that insulin 
abnormalities may exacerbate cognitive impairments.

In animals, systemic insulin administration has been associated with 
memory deficits, likely due, in part to hypoglycemia that occurs when 
exogenous insulin is not supplemented with glucose to maintain euglycemia. 
Therefore, in this study insulin administration was preceded by fructose 
administration by half an hour to prevent peripheral hypoglycemia. In the 
present investigation, the dose of insulin with fructose did not improve 
memory significantly even though the values are somewhat better than 
the control. 

Results of a recent study indicate a direct action of prolonged  
(8 week) intranasal administration of insulin or brain functions, improving 
declarative memory and mood in the absence of systemic side effects.28 
Many studies are available which have evaluated the effect of insulin on 
the neuropathological mechanism of memory deterioration,29 while a few 
studies have evaluated the effect of insulin treatment on retrieval of memory 
for a long duration of time. Studies, which have shown a positive effect of 
insulin administration of learning and retrieval, are short duration studies.

Epidemiological evidence suggests that insulin resistance influences the 
risk of developing AD.30,31 The increasing evidence of insulin resistance in 
AD and other numerous mechanisms through which insulin may affect 
clinical and pathological aspects of the disease suggests that improving 
insulin effectiveness may have therapeutic benefits for patients of AD. 
However, it is well known that data from observational studies may not be 
replicated in humans, it has been shown that even experimental evidence 
does not support this strategy.32
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In this study we observed the effect of Pioglitazone, an insulin 
sensitizing agent in reducing the cognitive decline with AI treatment. 
The results demonstrate that there is no significant benefit of treatment on 
the loss of memory function with the drug treatment. In an earlier study 
using neuronal cultures and in vivo model of neuro-inflammation, it was 
seen that troglitazone antagonized the Ab stimulated pro-inflammatory 
response and neurotoxicity. Neurobehavioral animal studies have not 
assessed the role of these agents in the cognitive function, even though 
many in vitro studies are available which have assessed the effect of these 
agents on various pathophysiological mechanisms implicated in AD9.28 
Here too the decline in cognitive function with the pioglitazone arm was 
less in comparison to the control group, however this does not reach 
statistical significance. 

Oral hypoglycemic agents have not been evaluated to test for acquisition 
or retrieval of memory. In fact in one study, tolbutamide was shown to 
produce memory deficits, as tolbutamide displaces A from albumin, which 
increases the concentration of free A and enhances amyloid deposition in 
an in vitro assay.33 In this study we analyzed the effect of Glipizide on 
the learning memory. The results in the behavioral paradigms are not 
significantly different from the control group. 

None of the medication affecting insulin levels or sensitivity was 
significantly effective in improving the deterioration in memory.

Anti-inflammatory agents and memory

Some epidemiological and pilot clinical studies have proven that  
long-term administration of anti-inflammatory drugs has a protective effect 
on the onset of AD.34 Among them; non-steroidal anti-inflammatory drugs 
(NSAIDs) are the most extensively investigated medicaments. Despite some 
contradictory findings, the prevalent majority of these studies prove that 
long-term application of anti-inflammatory treatment can delay the onset, 
or at least slow down the progression of AD, namely in people between 
65 and 75 yr of age. The most appropriate prophylactic effect seems to be 
achieved by specific inhibitors of cyclooxygenase-2 (COX-2).

In our study, we did not find any effect of selective COX-2 inhibitor, 
Celecoxib on memory function in all the three memory tasks (P = 9). This 
is in contradiction to the study35 which showed significant improvement 
in open field behavior (P < 0.05) in mice treated with ibuprofen. 
Another study36 has shown that the retention test escape latencies of rats 
administered indomethacin (5 and 10 mg/kg) or NS-398 (2 and 5 mg/kg) 
were significantly higher than those of vehicle–treated rats in the hidden 
platform task, indicating an impairment in retention. This shows that the 
results with the agent are equivocal.

A meta-analysis of epidemiological studies has shown the pooled 
relative risk of Alzheimer’s disease among users of NSAIDs was 0.72 
(95 percent confidence interval 0.56 to 0.94).37 But these results have not 
been supported by a recently conducted randomized clinical trial, which 
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reported the failure of selective cyclo-oxygenase-2 to slow the progression 
of AD.38

Statins and Dementia
There is increasing data from epidemiological studies and from model 
systems indicating that cholesterol-lowering drugs may have an impact 
on the development of memory deterioration in AD.39,40 The agents have 
been shown to be neuroprotective and restore memory loss caused by 
TBI (traumatic brain injury) in animal models. In a study conducted by  
Lu et al., atorvastatin promoted the restoration of spatial memory function 
in an experimental model of TBI (traumatic brain injury).41 The role of 
these agents on cognitive parameters has not been assessed in models of 
dementia; although studies are available which show their modulatory 
effects on the biochemical parameters involved in the pathogenesis of 
dementia in Alzheimer’s disease.

In our study we were unable to find any significant advantage in 
neurobehavioral parameters of animals treated with atorvastatin as 
assessed in various tasks. As compared to the other treatment groups the 
performance of animals in the behavioral tasks did not deteriorate with 
the treatment. In fact the values are quite near to the Rivastigmine and 
Huperzine group but there is no statistical significance among the groups.

Huperzine, herbal medicine and dementia
Huperzine A is a novel alkaloid isolated from the Chinese herb Huperzia 
serrata Thunb. Pron. (Lycopodiaceae). Dementia and cognitive impairment 
in Alzheimer’s disease have been attributed to the hypofunction of cho-
linergic neurotransmission in the brain. Previous studies demonstrate that 
Huperzine A is a reversible and selective inhibitor of acetyl choinersterase.42 

Numerous studies, most of them from China, suggest that huperzine  A 
may be as effective as the drugs tacrine and donepezil in AD.43,44 In other 
countries, it is available as a nutriceutic and is being used by some clinicians 
to treat AD. There have been no controlled clinical trials outside China 
assessing the toxicity and efficacy of these agents and comparing them 
with acetyl cholinerterase. 

In the present study, we have seen some improvement in the cognitive 
function with the herb in comparison to the other drug treatment arms. 
As per evidence available, the effect with Huperzine was comparable to 
the positive control, Rivastigmine. The performance in various tasks of 
memory though was statistically significant with the control group. These 
are the type of results we expect to get in actual scenarios, as these agents 
are more beneficial for symptomatic improvement and have less effect on 
modifying the progression of the disease.

The findings of our study suggest that the novel agents being implicated 
for the prevention or treatment of dementia in AD are of not much benefit. 
The results are somewhat better than the control but do not reach any 
significance and it is not expected that it will be so in clinical practice.
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19.5 CONCLUSIONS
Children argue about what’s scarier: ghosts or monsters? Fire or sharks? 
Adults aren’t above ideally comparing their own fears. Which would 
be worse: cancer or heart disease? A car crash or AIDS? But a strong 
case can be made that the scariest thing about growing old is the fear 
of losing one’s mind through Alzheimer’s disease. There is a sense of 
urgency and optimism among researchers about possible treatments and 
perhaps prevention of the disease. A few of these therapies are already 
in use (cholinesterase inhibitors, NMDA antagonist), or in clinical trials 
(COX-2) inhibitors, insulin sensitizing agents), even more are at a proof 
of concept stage.

Several experimental studies have shown the efficacy of some of these 
novel therapies. However, most of them have observed the effects of these 
drugs on biochemical parameters; have been conducted for a shorter 
duration of time and using other models. There is not much information 
on the effectiveness of these agents on the cognitive function over a long 
period of time.

Therefore, we investigated the effects of novel agents on memory in 
the aluminum model of dementia.

The results of this study indicate that:
 1. One general trend was observed in the study—all the values 

observed in the three-neurobehavioral paradigms with most of 
the treatment groups were better than the control, though no 
statistical significance was observed. This could not be a chance 
finding as neurobehavioral tasks were performed. Such results are 
expected in neurological studies, which are more of a subjective 
system where the placebo response is quite high, but that this 
cannot possibly be evaluated in animals.

 2. The drugs did not demonstrate significant efficacy in Morris water 
Maze paradigm.

 3. The novel agents proposed were no different from the control in 
Passive Avoidance task either.

 4. In the elevated plus maze paradigm, no significant effect of 
the agents on reversal of cognitive decline was demonstrated. 
The study demonstrates no significant benefits with the anti-
inflammatory agents, lipid lowering drugs, anti-diabetic agents 
in the animal model of dementia.

Several questions remain unanswered. First, whether these agents 
can be used as a preventive therapy being implicated by epidemiological 
studies. Secondly, randomized controlled clinical studies are required to 
elucidate the efficacy of these agents in patients with dementia. Or, better 
still, novel approaches to manage this distressing disorder may be sought 
and evaluated.
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Acne and Natural Products

20.1 INTRODUCTION 
Acne vulgaris is a common skin disorder, that affects approximately  
70-87 percent of adolescents and young adults.1 The pathogenesis of acne is 
multifactorial and complex and is thought to be due to, androgen-stimulated 
sebum production, which leads to follicular occlusion, hyperkeritinization 
and over growth of bacteria; Propionibacterium acnes and Staphylococcus 
epidermis, leading to comedones and inflammatory papules and pustules. 
Conventional treatments for acne include topical exfoliating agents such 
as Benzoyl peroxides, retinoids, and antibiotics (topical and systemic) but 
symptoms may not always improve or patients may have adverse reactions 
to conventional treatments and thus seek alternative treatments. Antibiotic 
resistance in Propionibacterium acnes and Staphylococcus epidermis has 
also been rising, thus promoting the need to look at alternative therapies.2 

20.2 DIETARY AND LIFESTYLE FACTORS
Whether dietary factors influence acne has been a debate for decades. 
One review of the literature looking at evidence for diet, face-washing 
and sunlight exposure in acne management concluded that the evidence is 
incomplete at best.3 Another review did not support any link between acne 
and foods such as dairy products, chocolate, and fatty foods.4 However, 
with the more recent focus on diet and nutritional supplements, emerging 
research is suggesting that diet may be a factor, particularly in mediating 
the inflammation and oxidative stress of the acne process. Western diets, 
with characteristically high glycemic indexes (GI), can elevate insulin and 
IGF-1 levels acutely and chronically.5 

These hormones stimulate adrenal and gonadal androgen production, 
leading to increased sebum production and acne. Frequent consumption of 
high glycemic index (GI) carbohydrates may repeatedly expose adolescents 
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to acute hyperinsulinemia. Therefore, a low glycemic load diet may have 
a beneficial effect on acne.6 

A review article by Berra et al., also supported a possible correlation 
between a high glycemic diet and acne and suggested an improvement in 
acne after glycemic indexes and glycemic load were reduced.7 

A randomized controlled trial of 43 males aged 15-25 yr showed that a 
low-glycemic-load (LGL) diet improved acne lesions and reduced weight 
and BMI. Weight loss is known to decrease circulating androgen and insulin 
levels; thus, it was unclear if improvement in acne was due to dietary 
differences or weight reduction or both.8 

A cross-sectional, self-report study of 47,355 nurses revealed that intake 
of milk during adolescence was associated with history of teenage acne.9 
The authors also prospectively examined the effects of milk intake and acne 
in the children of these nurses and found that higher milk consumption, 
regardless of fat content, was associated with acne.10,11 

The authors speculated that milk (whole or nonfat) contains hormones 
and bioactive molecules, such as androgens, progesterone, and insulin 
growth factor-1 (IGF-1), that can have an acne-stimulating effect.12 

These cohort studies, however, can only suggest correlation but not 
causation. Stress has also been blamed as a trigger for acne flares. Two 
independent groups of researchers studied high school and university 
students and found that increased stress levels during examination periods, 
correlated with increased acne severity.13,14 

20.3 NUTRITIONAL SUPPLEMENTS AND 
PHYTOCHEMICALS

Arachidonic acid, (w -6 fatty acid, which is a major part of the western 
diet) is a precursor to the manufacture of pro-inflammatory leukotriene 
B4 (LTB4). The involvement of pro-inflammatory leukotriene B4 (LTB4) in 
the pathogenesis of acne has recently been described. A study looking at 
the administration of a novel LTB4 blocker led to a 70 percent reduction 
in inflammatory acne lesions.15 

The anti-inflammatory properties of w -3 essential fatty acids, (w -3 EFA’s) 
including LTB4 inhibition, are well known.16 To date there are no studies 
looking at the direct effect of supplementation with w -3 EFA’s and acne 
but a diet high in w -3 EFA’s could have a synergistic effect with a low 
glycemic load diet on improving acne.6,17 

Lactoferrin (a whey milk protein/iron-binding protein) a dietary 
supplement, has also been shown to decrease skin inflammation due to 
its broad antibacterial and anti-inflammatory activities.18 

Two studies looked at the efficacy and tolerability of lactoferrin in 
adolescents and young adults with mild to moderate facial acne vulgaris 
and found a significant reduction in inflammatory acne lesion count in the 
lactoferrin group. The results suggest that dietary supplementation with 
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bovine lactoferrin in mild to moderate acne vulgaris can decrease acne 
lesions.19,20 

Another nutritional supplement called APC (methionine-based zinc 
complex, chromium, and vitamins with anti-oxidants) was studied in a 
pilot study of 48 patients (15-35 yr) with acne. Oral APC was given thrice 
daily for 3 months followed by a 4-week treatment-free period. At the end 
of the treatment (Week 12), there was a statistically significant improvement 
in the global acne count with decrease in pustules and papules (P < 0.001).21 

Resveratrol is a natural compound produced by some spermatophytes 
such as grapes and other plants and has been shown to be anti-inflammatory 
and active against several bacteria including Propionibacterium acnes.22 

A single-blind pilot study of 20 patients looked at the therapeutic effects 
of resveratrol on acne vulgaris. Resveratrol gel was applied daily on the 
right side of the face for 60 days, compared to a control hydrogel on the 
left side of the face. There was a 53.75 percent mean reduction in the Global 
Acne Grading System score on the resveratrol-treated sides of the face 
compared with 6.10 percent on the control side.23 

20.4 BIOCHEMICAL THERAPIES
Few herbal medicines have been evaluated systematically in clinical trials. 
Witch hazel bark (Hamamelis virginiana) has been used for acne because of its 
naturally astringent properties.24 However to date no randomized trials have 
been done to substantiate its use, but and is often used in acne products.

Green tea extract and tea tree oil have been investigated in the treatment 
of acne. Tea Tree oil is an essential oil of the Australian native tree, Melaleuca 
alternifolia has been shown to have antibacterial and antifungal properties.25 

A randomized, double-blind placebo-controlled study investigated the 
efficacy of 5 percent topical tea tree oil gel in 60 patients (15 to 25 yr) 
with mild to moderate acne vulgaris. Tea tree oil gel was 3.55 times and  
5.75 times more effective than the placebo.26 

A single-blind, randomized clinical trial of 124 patients with mild to 
moderate acne evaluated the efficacy and skin tolerance of 5 percent tea-tree 
oil (Melaleuca alternifolia) with 5 percent benzoyl peroxide lotion. After 
3 months of treatment, both 5 percent tea-tree oil and 5 percent benzoyl 
peroxide significantly reduced acne but fewer side effects were reported 
with the use of tea tree oil (44 vs 79 percent) although the onset of action 
was slower in tree tea oil.27 

Green tea has catechins which are phytochemical phenolic compound 
that have anti-inflammatory effects. Two studies looked at the efficacy of 
topical 2 percent green tea lotion (natural plant extract) in the treatment of 
mild-to-moderate acne vulgaris in adolescents and young adults. Topical 
2 percent green tea lotion was significantly effective for mild-to-moderate 
acne vulgaris.26,28,29 

Several other natural ingredients such as colloidal oatmeal, feverfew, 
licorice, aloe vera, chamomile, curcumin, soy, coffeeberry, mushroom 
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extracts, green tea, pine bark extract, vitamin E, vitamin C, and niacinamide 
have anti-oxidant, anti-inflammatory, and/or moisturizing properties thus 
these ingredients may be effective adjuncts with other acne therapies to 
decrease the erythema associated with inflammatory acne.30

20.5 AYURVEDIC HERBS 
Two randomized, double-blind, placebo controlled clinical studies exploring 
the efficacy of Ayurvedic treatment in acne have been published. These 
studies indicate that some Ayurvedic remedies might be effective for 
acne. One study demonstrated that the combination of an oral Ayurvedic 
preparation and a topical Ayurvedic, multicomponent preparation (cream 
or gel) was more efficacious in treating acne than oral therapy alone.31 

Another study showed treatment with an oral preparation of sunder 
vati resulted in a significant reduction in acne lesion count and was well 
tolerated. Treatment with the three other oral formulations studied failed 
to show any improvement.32 

20.6 TRADITIONAL CHINESE MEDICINE/
ACUPUNCTURE

A few small studies in adults have looked at the effectiveness of Traditional 
Chinese herbs and acupuncture for treatment of acne and found them to 
be promising. A double-blind controlled trial evaluated the efficacy of ah 
shi point and general acupuncture point treatment of acne vulgaris in  
36 adults. Ah shi point acupuncture involves inserting a needle at painful 
or pathological sites (papules and nodules of acne) to reduce inflammation 
of the acne site directly. After 12 treatment sessions, there was a significant 
reduction in the inflammatory acne lesion counts, the quality-of-life scale 
Skindex-29 scores and the subjective symptom scores from baseline in both 
groups.33 

A Chinese herbal compound, Compound Oldenlandis Mixture was 
compared with Angelica and Sophora Root Pills in 120 patients with acne 
and found to have 73 percent improvement in acne.34 

A meta-analysis evaluated the therapeutic effect and safety for treatment 
of acne with acupuncture and moxibustion compared to routine western 
medicine, and concluded that comprehensive acupuncture-moxibustion 
was a safe and effective treatment of acne, and possibly better than routine 
western medicine.35

20.7 OTHER THERAPIES 
20.7.1 Light Therapy
Acne therapy using various light sources targeting Propionibacterium spp. 
seems to be promising. The development of infrared non ablative lasers to 
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target sebaceous glands has resulted in the development of a number of 
laser, light and radiofrequency devices for acne. The main light and laser 
therapies used to treat acne include intense pulsed light (IPL), pulsed dye 
lasers, and broad spectrum continuous-wave, blue and red, visible light. A 
few studies have shown some positive results and light and laser treatments 
maybe effective and safe for acne but more studies are needed.36,37

20.8 CONCLUSION 
Preliminary evidence and small pilot studies suggests that Complementary 
and Alternative Medicine (CAM) may have some value in the treatment 
of childhood acne. Some emerging data suggests that dietary modification 
in particular decreasing its glycemic index (GI) and glycemic load (GL), 
as well as supplementation with w -3 EFA’s may be beneficial in acne 
management. A few small pilot studies have reported efficacy of some 
herbs/nutritional supplements, Traditional Chinese Medicine, Ayurvedic 
herbs and phototherapy in the treatment of childhood acne. However, more 
research with larger clinical trials is warranted, looking at the effectiveness 
of CAM in treating childhood acne.
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Composite Ayurvedic 
Formulations

Triphala

21.1 INTRODUCTION 
Triphala is important poly-herbal formulation of Ayurveda. Work on 
standardization of poly-herbal formulations used in Ayurveda is in progress 
and Triphala is one of the few poly-herbal formulations that have been 
standardized. The standardization of Triphala is based on tannin content.1

21.2 COMPOSITION
Triphala is a combination of fruits of three important medicinal plants 
including Terminalia chebula, Terminalia belerica and Emblica officinalis. 
Properly dried fruits are mixed in definite proportions to obtain the finished 
product.2,3 

21.3 PHARMACOLOGY

21.3.1 Laxative Effect
Gaind, Mittal and Khana reported the purgative (laxative) activity of 
Triphala in rats.4 

Chapter 21
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21.3.2 Radio Protective Effect
Jagetia reported radio protective effect of 0, 5, 6.25, 10, 12.5, 20, 25, 40, 50 
and 80 mg/kg body weight of aqueous (water) extract of Triphala. The 
formulation was given intraperitoneally to animals exposed to gamma 
radiations. Different doses of Triphala were given for five days. The 
formulation not only reduced the effect of gamma radiations but delayed 
the onset of mortality. 10 mg/kg Triphala provided the best protection.5 

21.3.3 Antimutagenic Effect
Kaur et al., reported the antimutagenic effect of water, chloroform and 
acetone extracts of Triphala.6 

21.3.4 Anti-oxidant Effect
Vani et al., reported the anti-oxidant effect of Triphala and its constituents.7 

Naik et al., reported the antioxidant effect of aqueous extract of Triphala. 
The authors concluded that phenolic compounds present in Triphala are 
active constituents of Triphala. The anti-oxidant effect cannot be attributed 
to a single compound.8

21.3.5 Cytotoxic Effect
Sandhya et al., reported cytotoxic effect of Triphala in two human breast 
cancer cell lines.9

21.3.6 Immunomodulatory Effect
Srikumar and coworkers demonstrated that oral administration of Triphala 
stimulates the neutrophil functions in the immunized rats. Triphala also 
prevented stress- induced suppression in the neutrophil functions.10

21.4 DOSE 
The dose of powdered Triphala can vary from one teaspoonful (5 g) to 
three teaspoonfuls (15 g). It is given preferably with warm milk or with 
warm water. 
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21.5 STANDARDIZED EXTRACT OF TRIPHALA
Table 21.1 Analytical Specifications of Triphala Extract

 Product Description Triphala Extract
Part used Fruit

Form Triphala Dry Ext. (4:1)
Appearance Brown

Odor Smoky odor
Taste Sour taste

Solubility Soluble in organic solvent
Tannin 40 percent +

Heavy Metals Complies
Microbiological count Complies

Trikatu

21.6 COMPOSITION
Trikatu is an Ayurvedic poly-herbal formulation consisting of equal amounts 
of Piper nigrum, Piper longum and Zingiber officinale. The literal meaning 
of Trikatu is collection of three acrid drugs. All the three ingredients of 
Trikatu have appetizer and digestive activity and according to Ayurvedic 
pharmacology, they enhance each other’s activity.11

21.7 PHARMACOLOGY

21.7.1 Bioavailability Studies12

A. Trikatu and propranolol and theophylline

Bano reported Trikatu reduces the bioavailability of propranolol (beta 
blocker) and theophylline (bronchodilator) in healthy volunteers.13

B. Trikatu and isoniazid

Isoniazid is used in the treatment of tuberculosis. Karan, Bhargava and Garg 
reported that Trikatu reduces the bioavailability of isoniazid in rabbits.14

C. Trikatu and rifampicin

Rifampicin is used in the treatment of tuberculosis. Similar to this work 
on isoniazid, Karan, Bhargava and Garg reported that Trikatu reduces the 
bioavailability of rifampicin in rabbits.15
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D. Trikatu and diclofenac sodium

Lala and coworkers reported that Trikatu reduces the bioavailability of 
diclofenac sodium.

21.7.2 Hypolipidemic Effect
Kumar and Kumar reported lipid lowering effects of Trikatu in rats fed 
with high cholesterol diet.16 

Shilajit

21.8 SYNONYMS 
Black Bitumen and Mineral Pitch (English) and Asphaltum punjabianum 
(Latin).

21.9 HISTORY 
Ancient Indians were aware about properties of shilajit. Although there is 
no description of shilajit in the Vedas, Ayurvedic texts like Charaka Samhita 
have given extensive explanation about shilajit. Shusruta Samhita and 
Asthangsangreha have indicated that shilajit in the treatment of diabetes 
insipidus. Charaka has mentioned four varieties of shilajit whereas Sushruta 
recognizes six varieties of shilajit. Some texts on Indian Alchemy describe 
two varieties of shilajit:

1.  Shilajit having an odor like cow-urine.
2.  Shilajit having an odor like camphor.

21.10 DISTRIBUTION17

Shilajit is obtained as exudate from steep rocks. This exudate in fact contains 
50 percent pure shilajit and the rest are impurities. Some times shilajit is 
obtained in pure form . Some people describe shilajit as a product of plant 
and animal origin. Others claim that shilajit is a plant exudate obtained 
from plants exposed to sunlight. Some consider this plant as Euphorbia 
royeleana and while some describe shilajit as exudates of Styrax officinalis. 
However, the controversy regarding the origin of shilajit is still to be solved. 

According to Charaka Samhita shilajit is soft and has light brown 
color. Charaka further indicates that the best shilajit looks like oleoresin 
of Commiphora mukul (Guggul), has a bitter and pungent taste and smells 
like cow-urine. Shilajit which is available today varies in consistency from 
a free-flowing liquid to hard brittle solid. Shilajit present in the market is 
only stone mixed with mud. It does smell like cow-urine. It is amorphous 
and colorless. If we compare the ancient and modern description of shilajit 
it can be said both differ in consistency. 
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21.11 PROPERTIES 
1. Shilajit is semi-solid. It is as thick as honey but soft as compared 

to confection. 
2. Some pharmacies sell shilajit in a crystalline form which becomes 

moist when exposed to air. 
3. Dried shilajit is black in color and smells like cow-urine. 
4. Shilajit is a semi-liquid state, yellowish-brown and smells like cow-

urine. 

21.12 CHEMICAL COMPOSITION 
There is a controversy regarding the chemical composition of shilajit.  
Dr Sidhinandan Mishra in his book on Rasa Shastra has given an excellent 
comparison of the chemical composition of pure and impure shilajit  
(Table 21.2). 

Table 21.2 Chemical composition of shilajit in the pure and impure

S. No. Contents Impure (percent) Pure (percent)
1 Moisture 12.54 27.03
2 Benzoic acid 6.42 8.58
3 Hippuric acid 5.53 6.13
4 Fatty acids 2.01 1.36
5 Resin and wax 3.28 2.48
6 Gum 15.57 17.32
7 Albuminoids 17.61 16.12
8 Foreign matter 28.52 2.15

(Source: Ayurvedic Rasa Shastra by Sidhinandan Mishra, page 364,  
Published by Chaukhambha Orientalia, 2nd ed.; 1986). 

The constituents of shilajit are of two types:18,19

 1. Humic: They constitute 80-85 percent mass of shilajit. These 
are produced by interaction of shilajit with lower plants (algae, 
mosses and liverworts), micro-organisms and even higher plants. 

 2. Non-humic: They constitute 8-10 percent mass of shilajit. 
Non-humic substance includes low molecular weight chemical 
compounds (acuparins), oxygenated dibenzo-a-pyrones and 
triterpene acids of the tirucullane type. 

21.13 PHARMACOLOGY20

According to Ayurveda, shilajit when administered internally keeping 
in mind the disease, dose, vehicle and contraindications can cure all 
diseases. Ayurveda classifies shilajit as rasyana (tonic). It can also be taken 
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by a healthy person. This proves that shilajit has preventive and curative 
properties. Vagbhatta describes shilajit as an anti-aging tonic, aphrodisiac 
and nootropic. Purified shilajit is used in the treatment of diabetes, fevers, 
anemia, loss of appetite, colic, obesity, abdominal diseases, spleen diseases, 
angina pectoris and skin diseases. Medicinal uses of shilajit collected from 
various sources are described below: 
 1. Urinary diseases: Shilajit is administered with sucrose and honey 

The dose of shilajit can be from 250 mg to 2 g.
 2. Shilajatu Vatika is given in anemia, skin diseases, fevers, spleen 

diseases, asthma, hemorrhoids, fistula-in-ano, pyuria, seminal diseases, 
cough, hemorrhage, epistaxis and menorrhagia. The formulation is 
given with juice of pomegranate or aromatic water. Consumption of 
Dolichos lablab is contraindicated with Shilajatu Vatika.

 3. Shilajatvadi Vati is given in spermatorrhoea. It is given with 
expressed juice of Parmelia perlata. 

Modern investigations have demonstrated anti-oxidant, anti-anxiety, 
antidiabetic and aphrodisiac, ulcer healing, hepatoprotective and anti-
inflammatory effects of shilajit. A clinical study in Russia has demonstrated 
efficacy of shilajit in enlarged prostate. Bhattachyra of Banaras Hindu 
University unlocked the mechanism of antidiabetic action of shilajit. He 
demonstrated that fulvic acid in shilajit prevents free radical damage to 
islet of Langherans and beta cells. Fulvic acid (see Fig. 21.1) significantly 
increased superoxide dismutase activity. Shilajit diminished the development 
and advancement of diabetes.21-29 

Figure 21.1 Structure of Fulvic acid.

Recent trials conducted in China have demonstrated the usefulness of 
shilajit in the treatment of diabetic neuropathy. Clinical studies have shown 
that patients taking shilajit standardized to fulvic acid noted reduction 
in tingling, painful swelling and numbness associated with diabetic 
neuropathy. Seeing the promising results of shilajit pharmaceutical use of 
fulvic acid is approved externally as well as internally in China. Recent 
studies have shown that systemic administration of standardized extract 
of shilajit affects cholinergic markers in the brain.30-31
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Figure 19.2 See text page 171 for caption.

Figure 19.4 See text page 173 for caption.
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Figure 19.6 See text page 175 for caption.
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