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In the whole world, a large number of plants have therapeutic potential and used in the treatment of various 
diseases in different populations. Heliotropium (Boraginaceae) is a widely spread genus of plants found in the 
temperate and the tropical regions of both hemispheres and used for the treatment of diseases from ancient 
times. In folk medicine history, the plants of genus Heliotropium include treatments of inflammations, gout, 
rheumatism, skin diseases, menstrual disorder, and poisonous bites. Phytochemical reports on genus 
Heliotropium revealed the presence of many bioactive components especially pyrrolizidine alkaloids, 
terpenoids and flavonoids. A large number of extracts and bioactive constituents of different species of genus 
Heliotropium revealed significant biological activities such as antimicrobial, antitumor, antiviral, anti-
inflammatory, wound healing, cytotoxicity and phytotoxicity. Different parts of plants of genus Heliotropium 
are examined for valuable pharmacognostic properties. Although its medicinal importance is recognized 
worldwide, this review artifact will thus, comprehensively describe the various medicinal effects of the plants, 
isolation of a large number of secondary metabolites and important pharmacognostic characteristics of genus 
Heliotropium of Boraginaceae family. 
Key words: Genus Heliotropium, Biological activities, Secondary metabolites, Pharmacognostic characters, 

Boraginaceae. 
 

Heliotropium L. Cinsinin Etnofarmakolojik, Fitokimyasal ve Farmakognozik Potansiyeli 
 

Tüm dünyada terapötik potansiyeli olan çok sayıda bitki, değişik toplumlar tarafından çeşitli hastalıkların 
tedavisinde kullanılmaktadır. Heliotropium (Boraginaceae) her iki yarımkürenin tropik ve ılıman bölgelerinde 
geniş bir yayılış gösteren ve antik çağlardan beri hastalıkların tedavisinde kullanılan bitkilerin yer aldığı bir 
cinstir.  Halk hekimliğinde Heliotropium cinsine ait bitkiler, enflamasyon, gut, romatizma, cilt hastalıkları, 
menstrual bozukluklar ve zehirli hayvan ısırıklarının tedavisinde kullanılır. Heliotropium cinsi üzerinde 
yapılan fitokimyasal çalışmalar, özellikle pirolizidin alkaloitleri, terpenoitler ve flavonoitler gibi pekçok 
biyoaktif bileşiğin varlığını ortaya koymuştur. Yapılan çalışmalarla bu bitkilerin belirgin bir şekilde, 
antimikrobiyal, antitümör, antiviral, anti-enflamatuvar, yara iyileştirici, sitotoksik ve fitotoksik etkilere sahip 
olduğu gösterilmiştir. Heliotropium cinsi bitkilerinin değişik kısımları önemli farmakognozik özellikleri 
nedeniyle ele alınır. Bu derleme makalesi, önemi dünya çapında bilinse de, Boraginaceae familyasına ait 
Heliotropium cinsi bitkilerinin tıbbi etkilerini, çok sayıdaki sekonder metabolitlerinin izolasyonunu ve önemli 
farmakognozik karakteristiklerini kapsamlı bir şekilde ele alacaktır. 
Anahtar kelimeler: Heliotropium cinsi,  Biyolojik aktiviteler, Sekonder metabolitler, Farmakognozik 

karakterler, Boraginaceae . 
*Correspondence: E-mail: khuram.ghori19@gmail.com; Tel: +92-3056049669 
 
 

 



Muhammad Khurm GHORI, Muhammad Abuzar GHAFFARI, Sajid Nawaz HUSSAIN, Majid MANZOOR, Mukhayar AZIZ, Wajid SARWER

260

INTRODUCTION AND HISTORICAL 
REVIEW 
 

Natural products are the substances which 
originate from plants, animal, microbial and 
marine sources. The constituents which are 
identified and isolated from plants have been 
used as a lead for a variety of drugs from many 
decades. About 40% of pharmaceutical products 
which are used in the present time are mainly 
derived from natural sources. Natural products 
also play a significant role in the discovery of 
new therapeutic agents because of their vast 
availability in nature, lead to the identification 
of bioactive molecules which allow the 
development of new pharmaceutical agents, as 
well as a tool which is involved in the 
clarification of complex cellular and molecular 
mechanisms of action involved in many 
biological and pathological processes. In the 
recent years, because of increasing interest in 
the use of pharmaceuticals, natural substances 
are the major source of complementary or 
alternative medicines, which are used in the 
treatment of many diseases (1). Western system 
of medicine usually limits itself to the 
identification, isolation and preparation of 
single active ingredient to cure specific 
ailments. From ancient times, plants are 
available to humans as a source of therapy. In 
the 19th century, due to the advancements in the 
field of pharmaceutical chemistry especially the 
medicinal chemistry more than 25% of drugs 
used in well developed countries are of plant 
origin and about 120 plant derived substances 
are used in modern system of medicines 
worldwide (2). 

At the present time, the plants having 
significant medicinal effects are used to cure the 
specific diseases of gastrointestinal tract and 
skin in countries which have poor living 
conditions (3). Ajwain (Trachyspermum 
copticum L.) is used to treat the discomfort of 
gastrointestinal tract (4) and it also 
demonstrated antioxidant activity (5). Nariman 
et al. (6) have reported anti-helicobacter 
pyloripotential of ajwain. Vincristine and 
vinblastine are potent anti-cancer agents 
obtained from Catharanthus roseus (L.) G. (7, 

8). The whole plant mixture of Cressa cretica L. 
prepared in water by using black pepper and 
candy (Misri) is effective in the treatment of 
chronic fever and jaundice problems. Also its 
paste of leaves is applied on sores (9). The juice 
of dried flowers and leaves of Spilanthes 
acmella Murr. are used in the treatment of 
toothache, insecticidal, colic and gastrointestinal 
disorders (10). In China, Spilanthes callimorpha 
A. is used as a fertility regulating agent and 
for amenorrhea (11). For the treatment of 
bleeding piles, diarrhea, toothache and 
inflammations, the dried leaves and flowers of 
Abutilon indicum L. (Peelibooti) are used (12). 
The paste of leaves of Aerva javanica Juss. 
(Booh) is externally applied for wound healing 
and inflammation of human being as well as 
livestock (9). 

The family Boraginaceae comprised of 100 
genera and about 2000 species. The plants of 
this family are widely distributed in temperate, 
especially mediterranean and tropical regions. 
In Pakistan, this family is represented by 32 
genera and 135 species. Moreover, some species 
namely Cordia, Echium and Anchusa are 
cultivated (13). Heliotropium, Cordia, Arnebia, 
Martensia and Trichodesma are the important 
genera of the Boraginaceae family. Fruits of the 
Cordia are used as diaphoretic and sometimes 
as astringent (14). The leaves and roots of 
Trichodesma indicum Lehm. are effective 
against snake bites, urinary diseases and used as 
diuretic. The root of this plant is also applied as 
a paste on swellings, joints and is used in 
dysentery in children (15). Today, Alkanna 
(Alkanna tinctoria L.) root is used almost 
exclusively as a cosmetic dye. Orally, it has 
been used for diarrhea and gastric ulcers. 
Traditionally, Alkanna root has been used 
topically to treat skin wounds and diseases (16). 

Heliotropium is a large genus of family 
Boraginaceae which consists of about 250-300 
species in the whole world. These species are 
widely distributed in temperate and tropical 
regions of both hemispheres (13). The name 
“heliotrope” derives from the fact that these 
plants turn their leaves to the sun (17). In 
Pakistan, it is the largest genera of family 
Boraginaceae with 23 species. Some of the taxa 
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of this genus are H. bacciferum Forssk., H. 
europium L., H. baluchistanicum K., H. 
gillianum R., H. biannulatum B., H. ovalifolium 
Forssk., H. strigosum Willd., H. eichwaldi 
Steud., H. indicum L., H. glutinosum Phil., H. 
sclerocarpum Phil., H. sinuatum Miers., H. 
subulatum Hochst., H. foertherianum D. and H. 
ovalifolium Forssk.  

 
Traditional medicinal uses 

In the modern time, more than 80% world’s 
population depends on the traditional system of 
medicines. The knowledge of traditional system 
of health care is widely threatened in the whole 
world due to revolutions in traditional 
philosophy (18). The native people of the area 
in which the plants occur, used 90% of natural 
products (19). Traditional and native knowledge 
of medicinal plants, still remain exist world 
widely (20). Due to the broad range importance 
of ethno-pharmacological flora, this review was 
arranged to collect ethno-medicinal knowledge 
about the different plants of genus Heliotropium 
(see Table 1). 
 
 
PHARMACOLOGICAL ACTIVITIES OF 
GENUS HELIOTROPIUM 
 

Plants of the genus Heliotropium display a 
wide range of pharmacological activities. 
Different biological activities of extracts and 
their bioactive constituents provide a basis for 
better understanding of the underlying 
mechanisms involved (37). A brief overview of 
their activities have been presented here (also 
see Table 2 & 3). 

 
Antibacterial activity 

Antibacterial activity of the methanolic extract 
of whole plant of H. strigosum showed different 
zones of inhibition which are formed by crude 
extract, ethyl acetate fraction, chloroform 
fraction, aqueous fraction, n-hexane fraction 
and standard doxycycline (30 µg). All these 
fractions are active against Staphylococcus 
epidermidis with the minimum inhibitory 
concentrations (MICs) of 8, 6, 8, 8, 6 mg/mL 
but no fraction showed any activity against 

Escherichia coli. The activity against 
methicillin resistant Staphylococcus aureus was 
only shown by ethyl acetate fraction with the 
zone of inhibition recorded is 8 mm. Other 
fractions and crude extract did not demonstrate 
any antibacterial activity against methicillin 
resistant S. aureus. The standard doxycycline 
fraction showed activity against all bacteria 
used in the bioassay (14). From the ethanolic 
extraction of aerial parts of H. subulatum two 
fractions such as petroleum ether and 
chloroform experienced the significant activity 
against bacteria such as E. coli, Streptococcus 
pneumoniae, Bacillus subtilis, B. anthracis and 
S. aureus. Among these two fractions, the 
chloroform fraction retains maximum 
activity against E. coli with the zone of 
inhibition logged is 12.61±0.361 (38). The 
methaolic extract of aerial parts of H. indicum 
has broad spectrum of antibacterial activity 
against S. aureus, Streptococcus pyogenes, S. 
pneumonia, Salmonella typhi, Corynebacterium 
ulcerans, E. coli and Klebsiella pneumonia with 
the zones of inhibition 32, 35, 30, 0, 0, 28, 27 
mm verified for these bacteria (39). Methanol 
extract of the leaf of H. indicum was evaluated 
for its antibacterial activity against five bacterial 
isolates comprising of four gram-negative 
bacteria including E. coli, Pseudomonas 
aeruginosa, Klebsiella species and Proteus 
mirabilis and one gram positive, S. aureus at the 
concentrations of 6.25, 12.5, 25, 50, 100 and 
200 mg/mL of plant extract respectively. Both 
S. aureus and Klebsiella spp. were inhibited at 
50, 100 and 200 mg/mL with MIC of 3 mg/mL 
while P. aeruginosa and P. mirabilis with MIC 
of 10 mg/mL were inhibited at 100 mg/mL and 
200 mg/mL and E. coli with MIC of 20 mg/mL 
was inhibited only at 200 mg/mL concentration 
of the extract respectively (40). The essential oil 
of H. europaeum obtained from the process of 
hydrodistillation were tested on B. subtilis,S. 
aureus, E. coli and S. typhi. The consequences 
showed the major antibacterial activity against 
B. subtilis and S. typhi respectively (41). 
Different fractions of methanolic extract such as 
chloroform, petroleum ether, ethyl acetate and 
aqueous fraction of aerial parts of H. bacciferum 
showed significant antibacterial activity against 
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S. aureus, B. cereus, E. coli, Salmonella 
enteritidis and P. aeruginosa. The chloroform 
and petroleum ether fraction showed that it 
inhibits the growth of S. aureus, B. cereus and 
P. aeruginosa with MIC of 15.625 µg/mL, S. 
enteritidis with 62.5 µg/mL and E. coli with 125 
µg/mL respectively. The aqueous extract 
exhibited that it prevents the growth of S. 
aureus, B. cereus and S. enteritidis with MIC of 
7.8125 µg/mL and E. coli, P. aeruginosa with 
15.625 µg/mL correspondingly (42). 
 
Antifungal activity 

Different fractions of methanolic extract of 
whole part of H. strigosum revealed prominent 
antifungal activity. The chloroform and n-
hexane fractions exposed antifungal activity 
against Aspergillus niger, A. fumigatus, 
Fusarium solani and A. flavus with the MIC of 
2.5 mg/mL. Crude extract was inactive against 
A. flavusbut showed activity against A. niger, A. 
fumigatus and F. solani with MIC of 2.5 and 3.5 
mg/mL. Ethyl acetate and aqueous fractions did 
not show activity against any fungal strain (14). 
The ethanolic, chloroform, petroleum ether, 
aqueous and residue extracts of stem and leaves 
of H. curassavicum exhibited significant in vitro 
antifungal activity. The diffusable metabolites 
of H. curassavicum demonstrated noticeable 
inhibitory effects against Penicillium 
citrinum followed by Candida albicans 
(43).The alcoholic extract of whole plant 
including roots of H. indicum was tested against 
certain fungi named as A. niger, A. wentii and 
Rhizopusoryzae. The extract exhibited 
significant activity at the concentration of 100 
µg/mL with the inhibition area logged against 
A. niger, A. wentii and R. oryzae is 8.00, 9.00, 
8.00 mm respectively as compared with the 
standard fluconazole (44). 
 
Antioxidant activity 

The crude extract and subsequent sub-
fractions of whole plant of H. strigosum were 
screened for antioxidant activity by using 1,1-
diphenyl-2-picrylhydrazyl scavenging assay 
(DPPH). The n-hexane fraction of methanolic 
extract displayed strong antioxidant activity 

with an EC50 value of 35.53 µg/mL while ethyl 
acetate fraction also showed significant 
antioxidant activity with an EC50 value of 30.34 
µg/mL. The aqueous fraction also revealed good 
antioxidant activity and had an EC50 value of 
20.51 µg/mL. The crude extract did not show 
any antioxidant activity, same was true about 
the chloroform sub-fraction (14).The flavonoids 
isolated from the resinous exudate of H. 
sinuatum revealed significant antioxidant 
activity (45). The chloroform and methanolic 
extract of whole plant material of H. zeylanicum 
hold substantial antioxidant activity along with 
its antidiabetic and antihyperlipidemic effects 
(46). 
 
Anti-inflammatory activity 

The crude extract of the whole plant of H. 
strigosum and its subsequent solvent fractions 
showed anti-inflammatory activity in 
carrageenan-induced edema and xylene-induced 
ear edema. In carrageenan-induced edema, the 
ethyl acetate fraction was most dominant with 
73.33% inhibition followed by hexane fraction 
(70.66%). When the extracts were tested against 
xylene-induced ear edema, ethyl acetate and 
hexane fractions were found active with 38.21% 
and 35.77% inhibition, respectively (47). The 
chloroform extract of dried leaves of H. indicum 
demonstrates significant anti-inflammatory 
activity in carrageenan-induced edema and 
cotton pellet granuloma models of 
inflammation. The extract of H. indicum with a 
concentration of 150 mg/kg body weight 
showed maximum 80.0% inhibition on 
carrageenan-induced raw paw edema compared 
with the positive control drug, diclofenac 
sodium (48). 
 
Antinociceptive and anticonvulsant activity 

The crude extracts and subsequent solvent 
fractions of H. strigosum were tested for 
antinociceptive and anticonvulsant activity in 
animal models. In acetic acid-induced writhing 
test, crude extract, n-hexane, ethyl acetate and 
aqueous fractions established marked reduction 
of nociception at test doses 50, 100 and 200 
mg/kg intraperitoneally. When challenged 
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strigosum and its subsequent solvent fractions 
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ear edema. In carrageenan-induced edema, the 
ethyl acetate fraction was most dominant with 
73.33% inhibition followed by hexane fraction 
(70.66%). When the extracts were tested against 
xylene-induced ear edema, ethyl acetate and 
hexane fractions were found active with 38.21% 
and 35.77% inhibition, respectively (47). The 
chloroform extract of dried leaves of H. indicum 
demonstrates significant anti-inflammatory 
activity in carrageenan-induced edema and 
cotton pellet granuloma models of 
inflammation. The extract of H. indicum with a 
concentration of 150 mg/kg body weight 
showed maximum 80.0% inhibition on 
carrageenan-induced raw paw edema compared 
with the positive control drug, diclofenac 
sodium (48). 
 
Antinociceptive and anticonvulsant activity 

The crude extracts and subsequent solvent 
fractions of H. strigosum were tested for 
antinociceptive and anticonvulsant activity in 
animal models. In acetic acid-induced writhing 
test, crude extract, n-hexane, ethyl acetate and 
aqueous fractions established marked reduction 
of nociception at test doses 50, 100 and 200 
mg/kg intraperitoneally. When challenged 

against thermally induced pain model, 
pretreatment of extracts demonstrated 
prominent enhancement at test doses 50, 100 
and 200 mg/kg intraperitoneally. In both tests, 
inhibition of noxious stimulation was in a dose-
dependent manner, and the ethyl acetate fraction 
was most dominant. Thus, the extracts of H. 
strigosum showed significant antinociceptive 
effect in both centrally and peripherally acting 
pain models (49). The chloroform extract of 
dried leaves of H. indicum was examined for 
antinociceptive activity in hot plate model in 
male swiss albino mices. The extract of H. 
indicum with a concentration of 150 mg/kg 
body weight showed maximum 82.79% 
antinociception in the hot-plate test as compared 
to a control drug, pentazocine (48). The 
methanol extract of the dried roots of H. 
indicum was observed for substantial 
antinociceptive activity in acetic acid-induced 
writhing mices. The extract produced significant 
inhibition in acetic acid-induced writhing mices 
at the oral doses of 250 and 500 mg/kg body 
weight comparable to the standard drug 
diclofenac sodium at the dose of 25 mg/kg of 
body weight (50). 
 
Antineoplastic and antiviral activity 

The n-hexane, dichloromethane fractions of 
ethanolic extract of aerial parts of H. subulatum 
and its subsequent crude extract was examined 
for significant antineoplastic and antiviral 
activities. For antineoplastic activity, it was 
found that ethanol extract, n-hexane and 
dichloromethane fractions revealed significant 
activity with the inhibition of 19.3 and 32.2 %, 
22.5 and 16.1 %, 09.6 and 06.4 % at the dose of 
50 and 100 µg/kg/day. For antiviral activity, it 
was revealed that the ethanol and hexane crude 
extracts showed significant activity to 
Coxsackie, Poliomyelitis and Measles at 
concentrations of 500 and 100 µg/mL 
respectively (51). 
 
 
 
 
 

Cytotoxicity and phytotoxicity 
The crude extract of H. strigosum and its 

resultant fractions possessed strong cytotoxic 
and phytotoxic activity. In brine shrimp 
toxicology assays, the fractions of ethyl acetate 
and chloroform showed strong cytotoxic actions 
with LD50 8.3 µg/mL and LD50 8.8 µg/mL 
respectively, followed by relatively weak crude 
methanolic extract with LD50 909 µg/mL and n-
hexane fraction with LD50 1000 µg/mL while in 
the case of phytotoxic activity against Lemna 
acquinoctialis, strong phytotoxic effect was 
showed by ethyl acetate fraction with LD50 91.0 
µg/mL respectively while chloroform fraction, 
plant crude extract and n-hexane fraction caused 
50%, 30.76 ± 1.1% and 30.7 ± 1.1% inhibitory 
action respectively at maximum concentration 
that is 1000 µg/mL (52). From the ethanolic 
extract of aerial parts of H. subulatum, n-
hexane, dichloromethane fractions of extract 
and crude extract were examined for cytotoxic 
activity. It was revealed that that n-hexane 
fraction showed potent cytotoxic activity at a 
concentration of 3 mg/mL (51). The aqueous 
extract of senescent leaves of H. foertherianum 
and one of its isolated compounds rosmarinic 
acid were assessed for its effects against a 
pacific ciguatoxin (P-CTX-1B) in the 
neuroblastoma cytotoxicity assay and the 
receptor-binding assay. The cytotoxicity elicited 
by P-CTX-1B was inhibited by the aqueous 
extract of H. foertherianum at concentrations up 
to 2734 µg/mL and by rosmarinic acid up to 607 
µg/mL, the concentrations at which they began 
to be cytotoxic (53). The methanolic extract of 
dried plant material of aerial parts of H. 
zeylanicum was examined for cytotoxicity in 
vitro against MRC5 human cell line. The extract 
demonstrated significant cytotoxic activity with 
an IC50 of 13.00 µg/mL (54).The methanolic 
extract of the dried roots of H. indicum was 
studied for considerable cytotoxic activity by 
using the brine shrimp lethality bioassay. The 
extract showed different mortality rate at 
different concentrations with the LC50 of 47.86 
µg/mL and LC90 of 75.85 µg/mL respectively 
(50). 
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Antiproliferative and antitumor activity 
Ethanolic extract of whole plant of H. 

indicum revealed substantial anti-proliferative 
activity against SK-BR-3 human breast 
adenocarcinoma cell line using MTT [3-(4,5-
Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium 
Bromide]assay. The IC50 value of extract is 34 ± 
9.09 µg/mL as compared to the standard drug 
used, paclitaxel with IC50 value 22.20 ± 2.30 
µg/mL (55). The petroleum ether extract of 
aerial parts of H. ovalifolium were tested to 
identify its ability to inhibit specific cytokines, 
interleukin-6 (IL-6) at the dose of 7.6 µg/mL 
respectively (56).The methanolic extracts of 
stem and leaf of H. indicum possessed a 
significant antitumor activity andIC50 for both 
the extracts found to be 200 µg/mL, whereas 
stem extracts exhibited excellent activity up to 
64.5% at 200 µg/mL followed by leaf extract up 
to 49.67% at 200 µg/mLrespectively (57). 
 
Antituberculosis activity 

The volatile oil isolated from the aerial parts 
of H. indicum was tested for antituberculosis 
activity and the outcomes exhibited significant 
activity against Mycobacterium tuberculosis 
attenuated strain with the MIC of 20.8 µg/mL as 
compared to the standard drugs used that were 
isoniazide and kanamycin (58). 
 
Antidiuretic activity 

The methanol extract of the dried roots of H. 
indicum was examined for antidiuretic activity 
by observing different urination parameters of 
mices. The study revealed that the extract has a 
marked diuretic effect by the electrolyte loss 
ratio (Na+/K+ excretion ratio was 1.38 and 1.45 
at the doses of 200 and 400 mg/kg respectively) 
as that of the standard diuretic furosemide 
whose ratio was 1.37 (50). 
 
Histo-Gastroprotective activity 

The histo-gastroprotective activity of the 
aqueous extract of the dried leaves of H. 
indicum was evaluated in wistar rats, where 
ulceration of the gastric mucosa was induced by 
the oral administration of 80 mg/kg/body 
weight of indomethacin. The aqueous extract 

exhibited histo-gastroprotective effect at the 
dose of 100, 200 and 400 mg/kg/body weight 
respectively in a dose dependent manner. This 
effect of the aqueous extract might be due to the 
presence of its tannins, alkaloids and saponins 
(59). 
 
Nephroprotective effect 

The nephroprotective effect of methanolic 
extract of dried roots of H. eichwaldi was 
estimated in male swiss albino mices against 
cisplatin-induced acute renal damage. The 
results revealed that methanolic extract can be 
reflected as a potential contestant for protection 
of nephrotoxicity induced by cisplatin at the 
dose of 200 mg/kg and 400 mg/kg (60). 
 
Wound healing activity 

The petroleum ether, chloroform, methanol, 
and aqueous extracts of leaves of H. indicum 
were separately evaluated for their wound 
healing activity in rats using excision (normal 
and infected), incision, and dead space wound 
models. In the incision wound infection model, 
group of animals treated with methanolic extract 
demonstrated significant healing activity with 
the period of epithelialization that was 16.23 ± 
0.98 days as compared to the group of animals 
treated with standard drug nitrofurazone with 
the period of epithelialization 13.5 ± 1.54 days. 
It is also observed in this model that the 
methanol and aqueous extract treated animals 
showed significant increase in the wound 
breaking strength up to 478.55 ± 12.63 g and 
378.63 ±18.02 g whereas the other extracts are 
unsuccessful to produce significant effects (61). 
 
Anti-plasmodial activity 

The ethanolic extract of flowers, roots and 
stems of H. europaeum var. lasiocarpum 
revealed significant anti-plasmodial properties 
against Plasmodium falciparum. At the 
concentration of 100, 50, 25 µg/mL, the 
ethanolic extract of flowers demonstrated 33, 
10, 6% of inhibition while the extract of roots 
revealed 91, 59, 19% of inhibition and the 
extract of stems shown 80, 72, 37% of 
inhibition at the same concentration (62). The 
dichloromethane, methanol and aqueous 
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extracts of fresh plant material of H. indicum 
were tested for significant anti-plasmodial 
activity against P. falciparum. The 
dichloromethane extract was generally more 
active than other extracts but among these 
extracts, no one exposed the substantial anti-
plasmodial activity. H.indicum revealed some 
anti-plasmodial activity because of its only use 
in the treatment of few malarial symptoms 
named as hyperthermias or colics (63). The 
methanolic extract of dried plant material of 
aerial parts of H. zeylanicum was examined for 
anti-plasmodial activity in vitro against 
chloroquine-resistant strain (KI) and sensitive 
strain (FCR3). The extract demonstrated 
significant anti-plasmodial activity with an IC50 
of 8.41 µg/mL (54). 
 
Antifertility activity 

The n-hexane and benzene fractions of the 
ethanol extract of H. indicum were studied for 
antifertility activity in rats using anti-
implantation and abortifacient models. The 
study revealed that the effect of ethanolic 
extract and its n-hexane and benzene fractions 
on percentage pre-implantation lost in pregnant 
rats as 30% and 35%, 40% and 60%, 30% and 
50% at the dose of 200 and 400 mg/kg body 
weight respectively while the effect of ethanolic 
extract and its fractions on percentage abortion 
in pregnant rats as 50% and 60%, 50% and 
60%, 30% and 60% respectively at the same 
dose. Thus, the H. indicum study revealed better 
abortifacient activity and moderate anti-
implantation and sperm motility (64). 
 
Anti-cataract activity 

The ethanolic leaf extract of H. indicum was 
found to be having anti-cataract activity in the 
galactose induced rats. The results revealed that 
ethanolic extract at the dose of 200 mg/kg along 
with Vitamin E whose dose was 50 mg/kg and 
30% galactose diet leads to the significant 
increase in the glutathione lens, soluble proteins 
and water contents as compared to the standard 
galactose diet given to the rats. Thus, it was 
concluded that H. indicum leaf extract 
possessed protective action against galactose 
induced cataract in rats (65). 

Analgesic activity 
The aqueous and ethanolic extract of fresh 

plant material of H. indicum demonstrated the 
significant analgesic activity in formalin-
induced pain model in mice. For comparison of 
analgesic effect, morphine and diclofenac 
sodium were used as a reference opioid and 
NSAID, respectively. At the dose of 30-300 
mg/kg, the aqueous and ethanolic extracts 
inhibited both the first and second phases of 
formalin-induced nociception in a dose 
dependent manner. Oral administration of 
aqueous extract at the dose of 1-5 g/kg in 
formalin-induced mice were tolerated in acute 
toxicity studies but oral administration of 1-2 
g/kg of the extracts in sprague-dawely rats 
produced pathologic effects on heart, kidney, 
liver and lungs. Therefore, instead of the fact 
that aqueous and ethanolic extracts have 
analgesic activity, it could have cumulative 
toxic effects. Thus, prolonged and continuous 
use is not recommended (66). 
 
PHYTOCHEMICAL EVALUATION OF 
GENUS HELIOTROPIUM 
 

A variety of constituents are identified and 
isolated from different species of genus 
Heliotropium which are phytochemically active 
and have significant therapeutic effects. Many 
classes of organic compounds such as 
pyrrolizidine alkaloids (PAs), phenolic 
compounds, terpenoids and quinones are very 
abundantly present in Heliotropium. 
Pyrrolizidine alkaloids (PAs) are mainly occur 
as esters being accompanying with 
characteristic mono or dibasic acids known as 
necic acids. Triterpenoids are the compounds 
which contain almost 30 carbon atoms and 
occur as esters or glycosides. Flavonoids are the 
largely occurring phenols formed of three 
acetate units and a phenylpropane unit (78). A 
list of phytochemically active constituents is 
shown as under (see Table 4). 
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Table 1. Reported uses of genus Heliotropium in ethnopharmacological surveys 
Name of the 

plant Folk medicinal uses Population or 
geographic zone Part used Preparation and 

administration 
Referen

ces 
H. aegyptiacum 

L. 
Snake bites and scorpion stings Somalia Roots Pulp (E) 21 

Dandruff Ethiopia Leaves Paste (E) 22 

H. indicum L. 

Eye lotion, cleaning of ulcers Nigeria Whole plant Infusion (E) 
 

23 
Infected gums Gabon Leaves Powder (I) 

Yaws Tanzania Roots Extract (I) 
Diuretic Madagascar Whole plant Infusion (I) 

Intractable fever, ulcers, venereal 
diseases and sore throat Jamaica Whole plant Decoction (I) 24 

 
Head lice West Indies Whole plant Paste (E) 25 

Rheumatism India Leaves Paste (E) 26 
Insect bites, stings and skin rashes India Leaves Decoction (E) 27, 28 

Whooping cough in children Eastern Nicaragua Leaves, roots Decoction (I) 29 
Scorpion stings and bug bites Amazon Leaves, roots Paste (E) 30 
Putrefaction, pyoderma and 

ringworm infection Malaysia Whole plant Paste (I)  
 

31 
 Gonorrhea Burma Whole plant Decoction (I) 

H. amplexicaule 
L. 
 

Cough and fever Mauritius Whole plant Decoction (I) 
 
 

23 
 
 H. supinum L. Tumors Namibia Whole plant Mixture of pulped 

plant with water(E) 

H. strigosum 
Willd. 

 

Abscesses of the breast Tanzania and  
Congo Whole plant Plant mixture with 

butter (E) 32 

Laxative, diuretic, sore eyes and  
gum boils 

 
India 

 
Leaves Juice (I) 33 

H. europaeum L. Acne and cattle wounds 
 

Nara desert, 
Pakistan 

Whole plant Paste with sesame 
oil (E) 

34 H. curassavicum 
L. Boils Roots Paste (E) 

H. crispum Desf. Cooling agent and 
lactagogue in cattle Whole plant Crushed in water (I) 

H. eichwaldi 
Steud. Ear ache Cholistan desert, 

Pakistan Leaves Raw (I) 35 

H. dasycarpum 
Ledeb. Eye diseases Kalat, Nimargh and 

Zehri, Pakistan Leaves Extract (E) 36 

H. steudneri 
Verdc. 

Cuts to stop bleeding and to 
prevent infection Tanzania Leaves Juice (E) 

23 

Squeezed over bruises Namibia Whole Plant Plants are dipped in 
boiling water(E) 

Eyes of cattles to cure 
conjunctivitis Kenya and Tanzania Leaves Juice (I) 

H. 
ramosissimum 

Lehm. 
Burns Mauritania Leaves Sap (E) 

(E) = Externally; (I) = Internally 
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TOXICOLOGY STUDIES ON DIFFERENT 
SPECIES FROM GENUS HELIOTROPIUM 
 

In spite of enormous benefits, species of genus 
Heliotropium are very poisonous in nature due 
to presence of pyrrolizidine alkaloids. Human 

deaths reported due to accidental consumption 
of these species in many countries. Liver 
damage was caused by pyrrolizidine alkaloids 
because they were responsible for hepatic-veno 
occlusive disease. A disease which became 
endemic in Afghanistan due to consumption of 

Table 2. Pharmacological activities of some selected phytoconstituents of genus Heliotropium 
 

Species Extract Isolated compounds Biological 
activities 
evaluated 

References 

H. subulatum 
Hochst. 

Ethanolic extract 
of aerial parts 

Subulacine-N-oxide, 7-angeloyl heliotrine, 
retronecine, heliotric acid, heliotrine 

Antibacterial, 
antifungal, 

antineoplastic, 
antiviral and 
cytotoxicity 

38, 51 

H. ellipticum 
Ledeb. 

Ethanolic extract 
of whole plant 

β-sitosterol, stigmasterol, β-amyrin, friedelan-
β-ol, cycloartenone, β-amyrin acetate, 

friedelin, europine, heliotridine, lasiocarpine, 
lasiocarpine-N-oxide 

Antibacterial and 
antifungal 

67, 68 

H. marifolium 
Koen. 

Ethanolic extract 
of whole plant 

β-sitosterol, stigmasterol, β-amyrin, friedelan-
β-ol, cycloartenone, β-amyrin acetate, 

friedelin, epifriedenyl acetate 

Antibacterial and 
antifungal 

69 

H. filifolium 
Miers. 

Dichloromethane 
extract of cuticle 

3′-hydroxy-2′,2′,6′-trimethyl-3H-spiro[1-
benzofuran-2,1′-cyclohexane]-5-carboxylic 

acid, methyl 3′- acetyloxy-2′,2′,6′- trimethyl-
3H-spiro[1-benzofuran-2,1′-cyclohexane]-5-

carboxylate, methyl 3’-isopentanoyloxy-
2’,2’,6’-trimethyl-3H-spiro[1-benzofuran-2,1’-

cyclohexane]-5-carboxylate, methyl 3’-
benzoyloxy-2’,2’,6’,-trimethyl-3H-spiro[1-

benzofuran-2,1’-cyclohexane]-5- carboxylate 

Antibacterial 70 

H. glutinosum 
Phil. 

Dichloromethane 
extract of fresh 
plant material 

4-methoxy-3-[(2)-7’-methyl-3’-
hydroxymethyl-2’,6’-octadienyl] phenol, 5,3'-

dihydroxy-7,4'-dimethoxyflavanone, 5,4'-
dihydroxy-7-methoxyflavanone, 4'-acetyl-5-

hydroxy-7-methoxyflavanone 

Antioxidant 71 

H. taltalense 
Phil. 

Dichloromethane 
extract of fresh 
plant material 

Naringenin, 3-O-methylgalangin, 7-O-
methyleriodictiol, filifolinol, 

filifolinylsenecionate 

Antioxidant 72 

H. 
sclerocarpum 

Phil. 

Dichloromethane 
extract of fresh 
plant material 

Filifolinol, naringenin, 3-oxo-2-
arylbenzofuran 

Antioxidant 73, 74 

H. filifolium 
Miers. 

Dichloromethane 
extract of fresh 
plant material 

Filifolinol, filifolinylsenecionate, filifolinone, 
filifolinoic acid 

Antiviral `75 

H. floridum A. Ethanolic extract 
of aerial parts 

3'-acetyltrachelanthamine, floridine, 
floridinine, floridimine, heliovicine 

Anti-feedant 76 

H. filifolium 
Miers. 

Dichloromethane 
extract of fresh 
plant material 

Filifolinone Immunostimulant 77 

H. ovalifolium 
Forssk. 

Petroleum ether 
extract of aerial 

parts 

4, 7, 8-trimethoxy-naphthalene-2-carboxylic 
acid, 6-hydroxy-5,7-dimethoxy-naphthalene-

2-carbaldehyde 

Anti-inflammatory 56 
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wheat crop was spread due to contamination 
with seeds of Heliotropium species (122). The 
clinical symptoms associated with the liver 
damage resemble those of cirrhosis, hepatic 
tumors, Budd-Chiari Syndrome with portal 
hypertension and obliteration of small hepatic 
veins due to cross linking of DNA strands, 
hepatocytes damage occur because of formation 

of pyrrole metabolites from pyrrolizidine 
alkaloids by liver microsomal oxidation. 
Pyrrolizidine alkaloids produce necrosis or 
inhibition of mitosis that depend upon the dose 
but independent on route of administration (123, 
124). In Australia, a disease in broiler chickens 
was reported due to heliotrine, a pyrrolizidine    

Table 3. Antibacterial, antifungal, cytotoxic, antiviral and anti-inflammatory activities of some bioactive 
constituents of genus Heliotropium 

Pharmacological 
activity Species Compound Results References 

Antibacterial 

H. subulatum 7-angeloyl heliotrine ZoI: 16 mm 38 

H. ellipticum 

Cycloartenone ZoI: 12 mm 67 
 
 
 

Friedelin ZoI: 9 mm 
β-amyrin ZoI: 4 mm 
β-amyrin acetate ZoI: 8 mm 
Europine ZoI: 10 mm 

68 Lasiocarpine ZoI: 12 mm 
Lasiocarpine-N-oxide ZoI: 9 mm 

H. marifolium 

Epifriedenyl acetate ZoI: 17 mm 69 
Friedelan-β-ol ZoI: 15 mm 

 β-sitosterol ZoI: 16 mm 
β-amyrin acetate ZoI: 14 mm 

H. filifolium Filifolinol MIC: 512 µg/mL 70 

Antifungal 

H. subulatum 7-Angeloyl heliotrine ZoI: 10 mm 38 

H. ellipticum 

Cycloartenone ZoI: 7 mm 67 
 
 
 

Friedelin ZoI: 9 mm 
β-amyrin ZoI: 4 mm 
β-amyrin acetate ZoI: 7 mm 
Europine ZoI: 7 mm 68 Lasiocarpine-N-oxide ZoI: 8 mm 

H. marifolium 

Epifriedenyl acetate ZoI: 8 mm 

69 Friedelan-β-ol ZoI: 10 mm 
β-sitosterol ZoI: 8 mm 
β-amyrin acetate ZoI: 9 mm 

H. floridum 3'-acetyltrachelanthamine ZoI: 49 mm 76 

Antiviral H. filifolium Filifolinylsenecionate ZoI: 43 mm 75 Filifolinone ZoI: 21 mm 
Anti-feedant H. floridum 3'-acetyltrachelanthamine EC50:1.79 µg/cm2 76 

Anti-
inflammatory H. ovalifolium 

4, 7, 8-trimethoxy-naphthalene-2-
carboxylic acid IC50: 2.4 µg/mL 

56 6-hydroxy-5,7-dimethoxy-
naphthalene-2-carbaldehyde IC50: 2.00 µg/mL 

Antineoplastic H. subulatum 
Subulacine-N-oxide % Inh.: 30.2 

51 7-angeloyl heliotrine % Inh.: 41.7 

Heliotrine % Inh.: 25.8 

Cytotoxicity H. filifolium Filifolinylsenecionate EC50: 400 µg/mL 75 
ZoI = Zone of inhibition; EC50= Effective concentration that gives half-maximal response; IC50= Inhibitory 
concentration where the response is reduced by half; % Inh.= % inhibition. 
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Table 4. Chemical constituents isolated from plants of genus Heliotropium 
 

Class Species Compounds References 
Pyrrolizidine 
alkaloids (PAs) 

H. acutifolium Kir. Heliotrine 79 
H. amplexicaule Vahl. Indicine 80 

H. angiospermum 
Murr. 

Subulacine, lindelofidine, retronecine, 
supinidine, trachelanthamidine 81 

H. arbainense Fres. Europine, heliotrine, lasiocarpine 82 
H. arborescens L. Indicine, 3'-acetylindicine, lasiocarpine 83 

H. arguzioides Kir. Heliotrine, trichodesmine 84 

H. bacciferum Forssk. Europine, heliotrine, heleurine and their N-
oxides, supinine 85, 86 

H. bovei Boiss. 
Europine, 7-acetyleuropine, lasiocarpine, 5'-
acetyllasiocarpine, lasiocarpine N-oxide, 5'-

acetyllasiocarpine N-oxide 
87 

H. bracteatum R. Helibractinecine, retronecine, helibracteatinine, 
helibracteatine 88, 89 

H. bursiferum C. 7-Angeloylretronecine 90 

H. circinatum Griseb. 7-angeloylheliotrine, echinatine, europine, 
heleurine, heliotrine, lasiocarpine 91 

H. crassifolium Phil. Ilamine, europine and their N-oxides 92 

H. curassavicum L. 

Coromandaline, coromandalinine, curassavine, 
curassavinine, curassanecine, heliocurassavine, 

heliocurassavinine, heliocurassavicine, 
heliocoromandaline, heliovicine, 7-

angeloylheliotridine, trachelanhamidine, 
retronecine, supinidine 

81, 93-95 

H. curassavicum var. 
Argentiumn Johnst. 

9-(3'-isovaleryl) viridiflorylretronecine, 9-(3'-
acetyl) viridiflorylretronecine 96 

H. dasycarpum 
Ledeb. Heliotrine 97 

H. digynum Forssk. Europine, heliotrine, 7-angeloylheliotrine, 
lasiocarpine 98 

H. dissitiflorum Boiss. Heliotrine, heliotrine N-oxide, europine, 5'-
deoxylasiocarpine 99 

H. eichwaldii Steud. Heliotrine, 7-angeloylheliotrine, lasiocarpine 100 
H. esfandiarii A. Europine, europine N-oxide 101 

H. europaeum L. 

Europine, acetyleuropine, heleurine, heliotrine, 
7-angeloylheliotrine, lasiocarpine, 6-

acetyllasiocarpine, heliotrine N-oxide, 
dehydroheliotrine, 5'-acetyllasiocarpine N-

oxide, N-(dihydropyrrolizinomethyl)-heliotrine, 
supinine 

102, 103 

H. hirsutissimum Gr. 

Europine, heliotrine, heleurine, lasiocarpine, 3'-
acetyllasiocarpine, 5'-acetyllasiocarpine, 

supinine, N-oxides of acetylasiocarpine, 3'-
acetyleheliosupine 

80, 104 

H. indicum L. 

Echinatine, helindicine, heliotrine, heleurine, 
indicine, acetylindicine, indicinine, 

lasiocarpine, lycopsamine, rinderine, supinine, 
lindelofidine, retronecine, supinidine, 

trachelanthamine 

81, 93, 105, 
106 
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alkaloid isolated from H. indicum. The clinical 
signs associated with this disease were 
depression, hepatic degeneration and ascites. 
Experimental work showed that intake of H. 
europaeum in Australia produced identical 

lesions that were seen in the natural disease due 
to presence of heliotrine and lasiocarpine in this 
species (125). 
 
 

Table 4. continued 

Pyrrolizidine 
alkaloids (PAs) 

H. keralense S. Intermedine, isolycopsamine, retronesine 107 
H. megalanthum 

Johnst. Lycopsamine, megalanthonine 108 

H. olgae B. Heliotrine, incanine 109 
H. ovalifolium 

Forssk. Heliofoline, retronecine 110 

H. rotundifolium 
Lehm. 

Europine, 5'-acetyleuropine, heliotrine, 
lasiocarpine 111, 112 

H. spathulatum 
Rydb. 

Amabiline, coromandaline, 
coromandalinine, heliovicine, 

curassavinine, curassavine, heliospathine, 
heliospathuline, lindelofidine, retronecine, 

supinidine, trachelanthamidine 

93, 113 

H. steudneri Verdc. Lycopsamine 114 
H. strigosum Willd. Strigosine, trachelanthamidine 115, 116 

H. supinum L. 

Echinatine, heliosupine, heliotrine, 7-
angeloyl heliotrine (and its trachelanthic 

and viridifloric esters), lasiocarpine, 
supinine 

114, 117 

H. transalpinum 
Vell. 

Intermedine, indicine, lycopsamine, 
rinderine, 3'-acetylrinderine, supinine 118 

H. transalpinum var. 
transalpinum Transalpinecine, subulacine 119 

Terpenoids 
H. ellipticum Ledeb. 

β-sitosterol, stigmasterol, β-amyrin, 
friedelan-β-ol, cycloartenone, β-amyrin 

acetate, friedelin 
67 

H. marifolium Koen. 
β-sitosterol, stigmasterol, β-amyrin,  

friedelan-β-ol, cycloartenone, β-amyrin 
acetate, friedelin, epifriedenyl acetate 

69 

Geranyl aromatic 
derivatives 
(Flavonoids) H. glutinosum Phil. 

4-methoxy-3-[(2)-7’-methyl-3’-
hydroxymethyl-2’,6’-octadienyl] phenol, 
5,3'-dihydroxy-7,4'-dimethoxyflavanone, 
5,4'-dihydroxy-7-methoxyflavanone, 4'-
acetyl-5-hydroxy -7-methoxyflavanone 

71 

H. taltalense Phil. 
Filifolinol, filifolinylsenecionate, 

naringenin, 3-O-methylgalangin, 7-O-
methyleriodictiol 

72 
 

H. sclerocarpum 
Phil. 

Filifolinol, naringenin, 3-oxo-2-
arylbenzofuran 73, 74 

H. filifolium Miers. 
Filifolinol, filifolinylsenecionate, 

filifolinone, filifolinoic acid 75 

Filifolinone 77 
H. strigosum Willd. Taxifolin (Dihydroquercetine), quercetin 120 

Quinones H. ovalifolium 
Forssk. Heliotropinones A, heliotropinones B 121 
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ANATOMICAL AND 
MORPHOLOGICAL STUDIES OF 
GENUS HELIOTROPIUM 
 

A systemic anatomical and morphological 
studies on leaves and stems of different species 
of genus Heliotropium namely H. strigosum, H. 
arbainense, H. longiflorum DC., H. 
petrocarpum DC., H. lasiocarpum F., H. 
zeylanicum Burm. and H. jizanense O. was 

described by demonstrating the most valuable 
characters such as stem anatomy, pollen grains, 
hairs and stomata (126). Moreover, the leaf 
anatomy of four different Heliotropium species 
such as H. strigosum, H. curassavicum, H. 
digynum, H. subulatum were investigated (127). 
The stomatal analysis of leaves of H. indicum 
was also recognized (28). Furthermore, the 
comparison of anatomical characteristics of H. 
ovalifolium, H. strigosum,H. bacciferum, H. 
supinum, H. sudanicum A. was reported (128). 
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Figure 2. Structures of some of the triterpenoids and quinones from Heliotropium species 
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Ghazaly, (129) conducted the pollen 
morphology of H. bacciferum. The epidermal 
morphology of H. europaeum, H. dasycarpum 
and H. rigidum DC. was also studied (130). In 
short, during these critical studies, the scientists 
mainly focused upon some of the leading 
anatomical and morphological features of leaves 
and stems of these species. These primary 
characteristics include venation of leaves, leaf 
measurements including length (cm), width 
(cm) and form of leaf, inflorescence 
measurements, different features of stomata 
mainly types and no. of stomata, length (mm) 
and width (mm) of stomata, different types and 
measurements of pollen grains and different 
studies of epidermal layers, cortex cells and pith 
cells.  
 
CONCLUSION 
 

Heliotropium has been traditionally used for 
treatment of gout, various inflammations, 
rheumatism, poisonous bites and skin diseases 
as a healing agent in various countries of the 
world. The medicinal importance of H. indicum 
is recognized worldwide and described in 
Indian, Brazilian, Ivorian and African folk 
medicine. In this paper, it is reviewed that 
Heliotropium species are highly valued for 
antimicrobial and antioxidant activities due to 
isolation of secondary metabolites like 
alkaloids, flavonoids and terpenoids. So it must 
say that Heliotropium can be used for the 
treatment of various bacterial and fungal 
infections in modern medicine as it is proved 
from folk medicinal studies. In addition with 
anti-inflammatory, antiviral, antitumor, 
antidiabetic and antihyperlipidemic as well as 
gastroprotective activities also enhance the 
medicinal value of Heliotropium in future. 
Moreover, the medicinal importance of 
pyrrolizidine alkaloids (PAs), flavonoids and 
terpenoidshas enhanced during the last few 
years, particularly due to the advancements in 
different analytical and preparative methods 
such as liquid chromatography (LC), 
spectroscopic techniques and availability of 
faster biological screening methods. All these 

techniques have been extensively applied. 
However, knowledge on biotechnology and 
molecular biology of these chemical groups in 
plants and their functions in plant insect 
interactions is still under observation. The 
pyrrolizidine alkaloids that are abundantly 
found in Heliotropium are responsible for its 
poisonous nature like hepatotoxicity, 
mutagenicity and hepatocarcinogenicity. The 
toxic nature of pyrrolizidine alkaloids is due to 
many reasons such as the plants which are the 
main source of these alkaloids are consumed in 
food and sometimes used in the form of herbal 
medicines. Food is contaminated with 
pyrrolizidine alkaloids because of the elongated 
storage of many plants such as symphytum and 
petasites that used as green vegetables. The 
other reason behind this toxicity is the 
contamination of food grains with the seeds of 
plants containing pyrrolizidine alkaloids. This 
was the case behind the epidemic poisoning of 
Heliotropium reported in different areas of the 
world (131). To overcome the poisoning of 
pyrrolizidine alkaloids, the intake of further 
plant material must be avoided. Usually, the 
nature of toxicity can be diagnosed on the basis 
of clinical signs and symptoms, the compatible 
changes occurred in biochemical mechanisms 
and the history of exposure. Inspite of this 
strong evidence regarding the data that the 
plants of the genus Heliotropium have many 
effective therapeutic actions in the management 
of various sicknesses, some questions looking 
for reasonable answers. For example, the 
revolution of clinical trials, using a large 
number of patients, is still necessary to know 
about the unwanted effects, for the better 
examination of the mechanism of action of the 
active ingredients and an evaluation of the 
possible drug interactions among the active 
principles present in such plants needs to be 
approved before their use in clinical practice. 
Finally, the clinical use of these plants as 
phytopharmaceuticals will depend on the 
development of suitable analytical procedures 
necessary for standardization of the numerous 
secondary metabolites existing in such herbals 
preparations. Thus, we conclude that plants of 
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genus Heliotropium become a decent source of 
native medicines in upcoming era. 
 
ACKNOWLEDGMENTS 

I am really thankful to Prof. Dr. Muhammad 
Uzair, Dr. Tariq Javed, Dr. NaeemQaiser and 
Dr. Farooq-e-Azam for helping me in the 
preparation of this article. 

 
REFERENCES  
 

1. Calixto JB, Santos AR, Filho VC, Yunes RA, A 
review of the plants of the genus Phyllanthus, 
their chemistry, pharmacology, and therapeutic 
potential, Med Res Rev 18(4), 225-258, 1998. 

2. Sharma R, Singh B, Singh D, Chandrawat P, 
Ethnomedicinal, pharmacological properties and 
chemistry of some medicinal plants of 
Boraginaceae in India, J Med Plant Res 3(13), 
1153-1175, 2009. 

3. Teklehaymanot T, Giday M, Ethnobotanical 
study of medicinal plants used by people in Zegie 
Peninsula, Northwestern Ethiopia, J Ethnobiol 
Ethnomed 3(1), 1-11, 2007. 

4. Myers SR, Hawrelak J, Cattley T, Essential oils 
in the treatment of intestinal dysbiosis: a 
preliminary in vitro study, Altern Med Rev 14(4), 
380-384, 2009. 

5. Nickavar B, Abolhasani F, Screening of 
antioxidant properties of seven Umbelliferae 
fruits from Iran, Pak J Pharm Sci 22(1), 30-35, 
2009. 

6. Nariman F, Eftekhar F, Habibi Z, Falsafi T, 
Anti-‐Helicobacter pylori activities of six Iranian 
plants, Helicobacter 9(2), 146-1451, 2004. 

7. Gutierrez-Lugo M-T, Singh MP, Maiese WM, 
Timmermann BN, New antimicrobial cycloartane 
triterpenes from Acalypha communis,  J Nat Prod 
65(6), 872-875, 2002. 

8. Katzung BG, Masters SB, Trevor AJ, Basic & 
clinical pharmacology, fourth ed., McGraw-Hill 
Medical, United States, 2004 

9. Qureshi R, Bhatti GR, Memon RA, 
Ethnomedicinal uses of herbs from northern part 
of Nara desert, Pakistan, Pak J Bot 42(2), 839-
851, 2010. 

10. Hossan S, Agarwala B, Sarwar S, Karim M, 
Jahan R, Rahmatullah M, Traditional use of 
medicinal plants in Bangladesh to treat urinary 
tract infections and sexually transmitted diseases, 
Ethnobotany Res Appl 8, 8061-8074, 2010. 

11. Paulraj J, Govindarajan R, Palpu P, The genus 
spilanthes ethnopharmacology, phytochemistry, 
and pharmacological properties: a review, Adv 
Pharmacol Sci 2013, pp.22, 2013. 

12. Ullah S, Khan MR, Shah NA, Shah SA, Majid 
M, Farooq MA, Ethnomedicinal plant use value 
in the Lakki Marwat District of Pakistan, J 
Ethnopharmacol 158, 412-422, 2014. 

13. Nasir E, Ali S, Nasir YJ, Flora of west Pakistan, 
University of Karachi, Vol. 1. 1970. 

14. Hussain S, Jamil M, Ullah F, Khan A, Ullah F, 
Arfan M, Antimicrobial and antioxidant activities 
of the plant Heliotropium strigosum, Afr J 
Biotechnol 9(45), 7738-7743, 2010. 

15. Shinwari MI, Khan MA, Folk use of medicinal 
herbs of Margalla hills national park, Islamabad, 
J Ethnopharmacol 69(1), 45-56, 2000. 

16. Bisset NG, Max Wichtl’s herbal drugs & 
phytopharmaceuticals, CRC Press, Boca Raton, 
1994. 

17. Selvi F, Bigazzi M, Leaf surface and anatomy in 
Boraginaceae tribe Boragineae with respect to 
ecology and taxonomy, Flora 196, 269-285, 
2001. 

18. Hussain K, Shahazad A, Zia-ul-Hussnain S, An 
ethnobotanical survey of important wild 
medicinal plants of Hattar district Haripur, 
Pakistan, Ethnobot Leaflets 2008(1), 5, 2008. 

19. Baquar SR, Medicinal and poisonous plants of 
Pakistan, Karachi, 1989. 

20. Haider M, Zhong L, Ethno-medicinal Uses of 
Plants from District Bahawalpur, Pakistan, Curr 
Res J Biol Sci 6, 183-190, 2014. 

21. Thulin M, Flora of Somalia, Pteridophyta; 
Gymnospamae; angiospamae (Annonacae-
Fabaceae). Vol. 1. CBC Publishing press, Harare, 
Zimbabwe, 1993. 

22. Giday M, Asfaw Z, Elmqvist T, Woldu Z, An 
ethnobotanical study of medicinal plants used by 
the Zay people in Ethiopia, J Ethnopharmacol 
85(1), 43-52, 2003. 

23. Schmelzer GH, Gurib-Fakim A, Plant Resources 
of Tropical Africa, Medicinal Plants 1, PROTA 
Foundation, 2008. 

24. Asprey G, Thornton P, Medicinal plants of 
Jamaica. III, The West Indian Med J 4(2), 69, 
1955. 

25. Ayensu ES, Medicinal plants of West Africa, 
Reference Publications Inc., U.S.A. 1978. 

26. Nagaraju N, Rao K, A survey of plant crude 
drugs of Rayalaseema, Andhra Pradesh, India, J 
Ethnopharmacol 29(2), 137-158, 1990. 

27. Muthul C, Muniappan A, Nagappan R, 
Savarimuthu I, Medicinal plants used by 



Turk J Pharm Sci 13(2), 259-280, 2016

275

traditional healers in Kancheepuram District of 
Tamil Nadu, J Ethnobiol Ethnomed 2, 243, 2006. 

28. Dattagupta S, Datta P, Pharmacognostic study of 
the leaf of Heliotropium indicum 
Linn.(Boraginaceae), Pharm Biol 15(3), 141-151, 
1977. 

29. Anderson G, Coee F, Ethanobotany of the 
garifuna of East Nicaragua, Econ Bot 50, 71-107, 
1996. 

30. Duke JA, Vasquez R, Amazonian ethnobotanical 
dictionary. CRC press, Boca Raton, Florida, 
1994. 

31. Wiart C, Medicinal plants of Asia and the 
Pacific, CRC Press, U.S.A. 2006. 

32. Neuwinger HD, African traditional medicine: A 
dictionary of plant use and applications, With 
supplement: search system for diseases, 
Medpharm Publishers, Stuttgart, 2000. 

33. Roeder E, Wiedenfeld H, Pyrrolizidine alkaloids 
in medicinal plants of Mongolia, Nepal and 
Tibet, Die Pharmazie 64(11), 699-716, 2009. 

34. Qureshi R, Bhatti GR, Ethnobotany of plants 
used by the Thari people of Nara Desert, 
Pakistan, Fitoterapia 79(6), 468-73, 2008. 

35. Shafi MS, Ashraf MY, Sarwar G, Wild medicinal 
plants of Cholistan area of Pakistan, Pak J Biol 
Sci 4, 112-116, 2001. 

36. Tareen RB, Bibi T, Khan MA, Ahmad M, Zafar 
M, Hina S, Khalil-ur-Rehman ZUH, Dogar NJ, 
Hameed M, Khan ZI, Indigenous knowledge of 
folk medicine by the women of Kalat and 
Khuzdar regions of Balochistan, Pakistan, Pak J 
Bot 42, 1465-1485, 2010. 

37. Singh SK, Singh S, Verma SK, Jain P, Dixit VK, 
Solanki S, A review on plants of genus 
polygonatum, Int J Res Dev Pharm L Sci 2, 387-
397, 2013. 

38. Singh B, Sahu P, Singh S, Antimicrobial activity 
of pyrrolizidine alkaloids from Heliotropium 
subulatum, Fitoterapia 73(2), 153-155, 2002. 

39. Oluwatoyin SM, Illeogbulam NG, Joseph A, 
Phytochemical and antimicrobial studies on the 
aerial parts of Heliotropium indicum Linn., Ann 
Biol Res 2, 129-136, 2011. 

40. Osungunna M, Adedeji K, Phytochemical and 
antimicrobial screening of methanol extract of 
Heliotropium indicum leaf, J Microbiol 
Antimicrob 3(8), 213-216, 2011. 

41. Saeedi M, Morteza-Semnani K, Chemical 
composition and antimicrobial activity of the 
essential oil of Heliotropium europaeum, Chem 
Nat Compd 45(1), 98-9, 2009. 

42. Rahimifard N, Bagheri E, Asgarpanah J, 
Balajadeh B, Yazdi H, Bagheri F, Study of the 

antibacterial activity of total extract and 
Petroleum ether, chloroform, ethyl acetate and 
aqueous fractions of aerial parts of Heliotropium 
bacciferum against Staphylococcus aureus, 
Bacillus cereus, Pseudomonas aeruginosa, E. 
coli, Salmonella enteritidis, Biotechnol Res Asia 
11(1), 239-48, 2014. 

43. Mandeel Q, Taha A. Assessment of in vitro 
antifungal activities of various extracts of 
indigenous Bahraini medicinal plants, Pharm 
Biol 43(2), 164-172, 2005. 

44. Rao P, Nammi S, Raju A, Studies on the 
antimicrobial activity of Heliotropium indicum 
Linn., J Nat Remedies 2(2), 195-198, 2002. 

45. Modak B, Contreras ML, González-Nilo F, 
Torres R, Structure–antioxidant activity 
relationships of flavonoids isolated from the 
resinous exudate of Heliotropium sinuatum, 
Bioorg Med Chem Lett 15(2), 309-312, 2005. 

46. Murugesh K, Yeligar V, Dash DK, Sengupta P, 
Maiti BC, Maity TK, Antidiabetic, antioxidant 
and antihyperlipidemic status of Heliotropium 
zeylanicum extract on streptozotocin-induced 
diabetes in rats, Biol Pharm Bull 29(11), 2202-
2205, 2006. 

47. Khan H, Khan MA, Gul F, Hussain S, Ashraf N, 
Anti-inflammatory activity of Heliotropium 
strigosum in animal models, Toxicol Ind Health, 
1-7, 2013. 

48. Kalyan SB, Jasmin Sajni R, Karthik R, 
Raamamurthy J, Christina A, Sasikumar S, Anti-
inflammatory and anti-nociceptive activities of 
Heliotropium indicum Linn. in experimental 
animal models, Phamacologyonline 3, 438-445, 
2007. 

49. Khan H, Khan MA, Hussain S, Gaffar R, Ashraf 
N, In vivo antinociceptive and anticonvulsant 
activity of extracts of Heliotropium strigosum, 
Toxicol Ind Health doi: 
10.1177/0748233713513489, Dec 12, Epub 
2013.  

50. Rahman M, Mia M, Shahid I, Pharmacological 
and phytochemical screen activities of roots of 
Heliotropium indicum Linn., 
Pharmacologyonline 1(1), 185-192, 2011. 

51. Singh B, Sahu P, Jain S, Singh S, Antineoplastic 
and antiviral screening of pyrrolizidine alkaloids 
from Heliotropium subulatum, Pharm Biol 40(8), 
581-586, 2002. 

52. Shah SM, Hussain S, Khan A-u, Khan H, Ullah 
F, Cytotoxic and phytotoxic actions of 
Heliotropium strigosum, Toxicol Ind Health 
31(5), 429-432, 2015. 



Muhammad Khurm GHORI, Muhammad Abuzar GHAFFARI, Sajid Nawaz HUSSAIN, Majid MANZOOR, Mukhayar AZIZ, Wajid SARWER

276

53. Rossi F, Jullian V, Pawlowiez R, Kumar-Roiné 
S, Haddad M, Darius HT, Protective effect of 
Heliotropium foertherianum (Boraginaceae) folk 
remedy and its active compound, rosmarinic acid, 
against a Pacific ciguatoxin, J Ethnopharmacol 
143(1), 33-40, 2012. 

54. Abdel-Sattar E, Harraz FM, Al-Ansari SM, El-
Mekkawy S, Ichino C, Kiyohara H, 
Antiplasmodial and antitrypanosomal activity of 
plants from the Kingdom of Saudi Arabia, J Nat 
Med 63(2), 232-239, 2009. 

55. Moongkarndi P, Kosem N, Luanratana O, 
Jongsomboonkusol S, Pongpan N, 
Antiproliferative activity of Thai medicinal plant 
extracts on human breast adenocarcinoma cell 
line, Fitoterapia 75(3), 375-377, 2004. 

56. Kulkarni-Almeida A, Suthar A, Goswami H, 
Vishwakarma R, Chauhan VS, Balakrishnan A. 
Novel leads from Heliotropium ovalifolium, 4, 7, 
8-trimethoxy-naphthalene-2-carboxylic acid and 
6-hydroxy-5, 7-dimethoxy-naphthalene-2-
carbaldehyde show specific IL-6 inhibitory 
activity in THP-1 cells and primary human 
monocytes, Phytomedicine 15(12), 1079-1086, 
2008. 

57. Sivajothi V, Cytotoxic effect of Heliotropium 
indicum extracts on hela cell line, Int J Pharm 
Pharm Sci 7, 412-414, 2015. 

58. Machan T, Korth J, Liawruangrath B, 
Liawruangrath S, Pyne SG, Composition and 
antituberculosis activity of the volatile oil of 
Heliotropium indicum Linn. growing in 
Phitsanulok, Thailand, Flavour Frag J 21(2), 265-
267, 2006. 

59. Adelaja AA, Ayoola M, Otulana J, Akinola O, 
Olayiwola A, Ejiwunmi A, Evaluation of the 
histo-gastroprotective and antimicrobial activities 
of Heliotropium indicum Linn (Boraginaceae), 
Malays J Med Sci 15(3), 22-30, 2008. 

60. Sharma SK, Goyal N, Protective effect of 
Heliotropium eichwaldi against cisplatin-induced 
nephrotoxicity in mice, Chin J Integr Med 10(5), 
555-560, 2012. 

61. Dash G, Murthy P, Studies on wound healing 
activity of Heliotropium indicum Linn. leaves on 
rats, ISRN Pharmacol 2011, 2011. 

62. Simonsen HT, Nordskjold JB, Smitt UW, Nyman 
U, Palpu P, Joshi P, In vitro screening of Indian 
medicinal plants for antiplasmodial activity, J 
Ethnopharmacol 74(2), 195-204, 2001. 

63. Bero J, Ganfon H, Jonville M-C, Frédérich M, 
Gbaguidi F, DeMol P, In vitro antiplasmodial 
activity of plants used in Benin in traditional 

medicine to treat malaria, J Ethnopharmacol 
122(3), 439-444, 2009. 

64. Savadi R, Alagawadi K, Darade S, Antifertility 
activity of ethanolic extract and its n-hexane and 
benzene fractions of Heliotropium indicum 
leaves on albino rats, J Pharm Res 2(5), 927-930, 
2009. 

65. Veda Vijaya T, Sasi Kumar S, Asokan B, 
Sengottuvelu S, Jaikumar S, Anticataract activity 
of ethanolic extract of Heliotropium indicum 
leaves on galactose induced cataract in rats, Int J 
Pharmacol Toxicol 5, 18-20, 2015. 

66. Boye A, Koffuor G, Amoateng P, Ameyaw E, 
Abaitey A, Analgesic activity and safety 
assessment of Heliotropium indicum Linn. 
(Boraginaceae) in rodents, Int J Pharm 8, 91-100, 
2012. 

67. Jain S, Singh B, Jain R, Antimicrobial activity of 
triterpenoids from Heliotropium ellipticum, 
Fitoterapia 72(6), 666-668, 2001. 

68. Jain SC, Sharma R, Antimicrobial activity of 
pyrrolizidine alkaloids from Heliotropium 
ellipticum, Chem Pharm Bull 35(8), 3487-3489, 
1987. 

69. Singh B, Dubey M, Estimation of triterpenoids 
from Heliotropium marifolium Koen. ex Retz. in 
vivo and in vitro, I. Antimicrobial screening,  
Phytother Res 15(3), 231-234, 2001. 

70. Urzúa A, Echeverría J, Rezende MC, Wilkens M, 
Antibacterial properties of 3 H-Spiro [1-
benzofuran-2, 1’-cyclohexane] derivatives from 
Heliotropium filifolium, Molecules 13(10), 2385-
2393, 2008. 

71. Modak B, Rojas M, Torres R, Rodilla J, Luebert 
F, Antioxidant activity of a new aromatic geranyl 
derivative of the resinous exudates from 
Heliotropium glutinosum Phil., Molecules 12(5), 
1057-1063, 2007. 

72. Modak B, Rojas M, Torres R, Chemical analysis 
of the resinous exudate isolated from 
Heliotropium taltalense and evaluation of the 
antioxidant activity of the phenolics components 
and the resin in homogeneous and heterogeneous 
systems, Molecules 14(6), 1980-1989, 2009. 

73. Modak B, Salina M, Rodilla J, Torres R, Study of 
the chemical composition of the resinous exudate 
isolated from Heliotropium sclerocarpum and 
evaluation of the antioxidant properties of the 
phenolic compounds and the resin, Molecules 
14(11), 4625-4633, 2009. 

74. Goyal N, Sharma SK, Bioactive 
phytoconstituents and plant extracts from genus 
Heliotropium, Int J Green Pharm 8(4), 217-225, 
2014. 



Turk J Pharm Sci 13(2), 259-280, 2016

277

75. Modak B, Sandino AM, Arata L, Cárdenas-Jirón 
G, Torres R, Inhibitory effect of aromatic geranyl 
derivatives isolated from Heliotropium filifolium 
on infectious pancreatic necrosis virus 
replication, Vet Microbiol 141(1), 53-58, 2010. 

76. Reina M, Gonzalez-Coloma A, Gutierrez C, 
Cabrera R, Henriquez J, Villarroel L, Bioactive 
saturated pyrrolizidine alkaloids from 
Heliotropium floridum, Phytochemistry 46(5), 
845-853, 1997. 

77. Valenzuela B, Imarai M, Torres R, Modak B, 
Immunomodulatory effects of the aromatic 
geranyl derivative filifolinone tested by the 
induction of cytokine expression, Dev Comp 
Immunol 41(4), 675-682, 2013. 

78. Evans WC, Trease and Evans' pharmacognosy. 
Elsevier Health Sciences, Saunders, Philadelphia, 
2009. 

79. Akramov S, Shadmanov Z, Samatov A, Yunusov 
SY, Alkaloids of Senecio jacobea, Heliotropium 
acutiflorum and H. transoxanum, Chem Nat 
Compd 4(4), 221-222, 1968. 

80. Hartmann T, Witte L, Chemistry, biology and 
chemoecology of the pyrrolizidine alkaloids. In : 
Alkaloids: chemical and biological perspectives, 
Ed(s): SW Pelletier, pp. 155-233, Pergamon, 
1995. 

81. Birecka H, Frohlich MW, Glickman LM, Free 
and esterified necines in Heliotropium species 
from Mexico and Texas, Phytochemistry 22(5), 
1167-1171, 1983. 

82. Zalkow L, Bonetii S, Gelbaum L, Gordon M, 
Patil B, Shani A, Deveer DV, Pyrrolizidine 
alkaloids from Middle Eastern plants, J Nat Prod 
42(6), 603-614, 1979. 

83. Marquez V, Chromatographic separation of the 
Alkaloids of Bulnesia retamo, Heliotropium 
arborescens, and Cestrum auriculatum, Bol Soc 
Quim Peru 27, 161-172, 1961. 

84. Rizk AF, Naturally occurring pyrrolizidine 
alkaloids, CRC press, Boca Raton, Boston, 1990. 

85. Rizk A, Hammouda F, Roeder E, Wiedenfeld H, 
Ismail SI, Hassan NM, Hosseiny HA, Occurrence 
of pyrrolizidine alkaloids in Heliotropium 
bacciferum Forssk, Sci Pharm 56, 105-110, 1988. 

86. Farrag NM, Abdel-Aziz E, El-Shafae A, Ateya 
A, El Domiaty M, Pyrrolizidine alkaloids of 
Heliotropium bacciferum Forssk from Egypt, 
Pharm Biol 34(5), 374-377, 1996. 

87. Reina M, Mericli AH, Cabrera R, González-
Coloma A, Pyrrolizidine alkaloids from 
Heliotropium bovei, Phytochemistry 38(2), 355-
358, 1995. 

88. Lakshmanan AJ, Shanmugasundaram S, 
Helibractinecine, a pyrrolizidine alkaloid from 
Heliotropium bracteatum, Phytochemistry 36(1), 
245-248, 1994. 

89. Lakshmanan AJ, Shanmugasundaram S, 
Heliscabine, a pyrrolizidine ester alkaloid from 
Heliotropium scabrum, Phytochemistry 39(2), 
473-475, 1995. 

90. Marquina G, Laguna A, Velez H, Ripperger H, 9-
Angeloylretronecine N-oxide from Heliotropium 
bursiferum, Die Pharmazie 43(1), 55-56, 1988. 

91. Eröksüz H, Eröksüz Y, Ozer H, Ceribasi A, 
Tosun F, Tamer U, Kızılay CA, Toxicity of 
dietary Heliotropium circinatum to rats, Vet Hum 
Toxicol 45(4), 198-201, 2003. 

92. Farsam H, Yassa N, Sarkhail P, Shafiee A, New 
pyrrolizidine alkaloids from Heliotropium 
crassifolium, Planta med 66(4), 389-91, 2000. 

93. Catalfamo JL, Martin WB, Birecka H, 
Accumulation of alkaloids and their necines in 
Heliotropium curassavicum, H. spathulatum and 
H. indicum, Phytochemistry 21(11), 2669-2675, 
1982. 

94. Mohanraj S, Subramanian PS, Culvenor CC, 
Edgar JA, Frahn JL, Smith LW, Cockrum P, 
Curassavine, An alkaloid from Heliotropium 
curassavicum Linn. with a C8 necic acid skeleton, 
J Chem Soc Chem Commun 10, 423-424, 1978. 

95. Subramanian P, Mohanraj S, Cockrum P, 
Culvenor C, Edgar J, Frahn J, Smith LW, The 
alkaloids of Heliotropium curassavicum, Aust J 
Chem 33(6), 1357-63, 1980. 

96. Davicino J, Pestchanker M, Giordano O, 
Pyrrolizidine alkaloids from Heliotropium 
curassavicum, Phytochemistry 27(3), 960-962, 
1988. 

97. Akramov S, Kiyamitdinova F, Yunusov SY, 
Alkaloids of Rindera cyclodonta, R. echinata, 
and Heliotropium dasycarpum, Chem Nat 
Compd 3(4), 244, 1967. 

98. Hammouda F, Rizk A, Ismail S, Atteya S, 
Ghaleb H, Madkour M, Poisonous plants 
contaminating edible ones and toxic substances 
in plant foods. Part 3, Pyrrolizidine alkaloids 
from Heliotropium digynum Forssk. (=H. luteum 
Poir.), Die Pharmazie 39(10), 703-705, 1984. 

99. Shafiee A, Salimi M, Farsam H, Yassa N, 
Pyrrolizidine alkaloids from Heliotropium 
dissitiflorum Boiss, DARU 10(4), 168-170, 2002. 

100. Suri O, Sawhney R, Atal C, Pyrrolizidine 
alkaloids from Heliotropium eichwaldii & 
Lindelofia spectabilis, Indian J Chem 13, 505-
506, 1975. 



Muhammad Khurm GHORI, Muhammad Abuzar GHAFFARI, Sajid Nawaz HUSSAIN, Majid MANZOOR, Mukhayar AZIZ, Wajid SARWER

278

101. Yassa N, Farsam H, Shafiee A, Rustaiyan A, 
Pyrrolizidine alkaloids form Heliotropium 
esfandiarii, Planta Med 62, 583-584, 1996. 

102. Yassal N, Farsamz H, Rustaiyan A, Shafieezi 
A, Alkaloids of Boraginaceae II, pyrrolizidine 
alkaloids of Heliotropium europaeum L. 
population garmsar, J Sci I R Iran 10, 39-42, 
1999. 

103. Tosun F, Tamer U, Determination of 
pyrrolizidine alkaloids in the seeds of 
Heliotropium europaeum by GC-MS, J Fac 
Pharm 33(1), 7-9, 2004. 

104. Constantinidis T, Harvala C, Skaltsounis AL, 
Pyrrolizidine N-oxide alkaloids of 
Heliotropium hirsutissimum, Phytochemistry 
32(5), 1335-1337, 1993. 

105. Souza JSN, Machado LL, Pessoa OD, Braz-
Filho R, Overk CR, Yao P, Pyrrolizidine 
alkaloids from Heliotropium indicum, J Braz 
Chem Soc 16(6B), 1410-1414, 2005. 

106. Dash G, Abdullah M, A review on 
Heliotropium indicum L. (Boraginaceae), Int J 
Pharm Sci Res 4, 253-258, 2013. 

107. Ravi S, Lakshmanan AJ, Herz W, Iso-
lycopsamine. A pyrrolizidine alkaloid from 
Heliotropium keralense, Phytochemistry 29(1), 
361-364, 1990. 

108. Reina M, Gonzalez-Coloma A, Gutierrez C, 
Cabrera R, Henriquez J, Villarroel L, 
Pyrrolizidine alkaloids from Heliotropium 
megalanthum, J Nat Prod 61(11), 1418-1420, 
1998. 

109. Kiyamitdinova F, Akramov S, Yunusov SY, 
Alkaloids from the family Boraginaceae, Khim 
Prir Soedin 3, 411-412, 1967. 

110. Mohanraj S, Kulanthaivel P, Subramanian PS, 
Herz W, Helifoline, a pyrrolizidine alkaloid 
from Heliotropium ovalifolium, Phytochemistry 
20(8), 1991-1995, 1981. 

111. Zalkow L, Gelbaum L, Keinan E, Isolation of 
the pyrrolizidine alkaloid europine N-oxide 
from Heliotropium maris-mortui and H. 
rotundifolium, Phytochemistry 17(1), 172, 
1978. 

112. Asibal CF, Gelbaum LT, Zalkow LH, 
Pyrrolizidine alkaloids from Heliotropium 
rotundifolium, J Nat Prod 52(4), 726-731, 1989. 

113. Roeder E, Breitmaier E, Birecka H, Frohlicht 
MW, Badzies-Crombach A, Pyrrolizidine 
alkaloids of Heliotropium spathulatum, 
Phytochemistry 30(5), 1703-6, 1991. 

114. Mattocks A, Chemistry and toxicology of 
pyrrolizidine alkaloids, Academic Press, 1986. 

115. Smith L, Culvenor C, Plant sources of 
hepatotoxic pyrrolizidine alkaloids, J Nat Prod 
44(2), 129-152, 1981. 

116. Mattocks A, Strigosine, the major alkaloid of 
Heliotropium strigosum, J Chem Soc, 1974-
1977, 1964. 

117. Crowley H, Culvenor C, The alkaloids of 
Heliotropium supinum L., with observations on 
viridifloric acid, Aust J Chem 12(4), 694-705, 
1959. 

118. Trigo JR, Witte L, Brown Jr KS, Hartmann T, 
Barata LE, Pyrrolizidine alkaloids in the arctiid 
mothHyalurga syma, J Chem Ecol 19(4), 669-
679, 1993. 

119. Medina JC, Gauze GF, Vidotti GJ, Sarragiotto 
MH, Basso EA, Peixoto JL, Structural 
characterization of saturated pyrrolizidine 
alkaloids from Heliotropium transalpinum var. 
transalpinum Vell by NMR spectroscopy and 
theoretical calculations, Tetrahedron Lett 
50(22), 2640-2642, 2009. 

120. Mughal TA, Ethnomedicinal studies of flora of 
southern Punjab and isolation of biologically 
active principles, Lahore College for Women 
University, Lahore, 2009. 

121. Guntern A, Ioset J-R, Queiroz EF, Foggin CM, 
Hostettmann K, Quinones from Heliotropium 
ovalifolium, Phytochemistry 58(4), 631-635, 
2001. 

122. Tandon H, Tandon B, Mattocks A. An 
epidemic of veno-occlusive disease of the liver 
in Afghanistan, Pathologic features, Am J 
Gastroenterol 70(6), 607-613, 1978. 

123. McDermott WV, Ridker PM, The Budd-Chiari 
syndrome and hepatic veno-occlusive Disease: 
Recognition and treatment, Arch Surg 125(4), 
525-527, 1990. 

124. Ridker PM, Ohkuma S, Mcdermott WV, Trey 
C, Huxtable RJ, Hepatic venocclusive disease 
associated with the consumption of 
pyrrolizidine-containing dietary supplements, 
Gastroenterology 88(4), 1050-1054, 1985. 

125. Pass D, Hogg G, Russell R, Edgar J, Tence I, 
Rikard-‐Bell L, Poisoning of chickens and ducks 
by pyrrolizidine alkaloids of Heliotropium 
europaeum, Aust Vet J 55(6), 284-288, 1979. 



Turk J Pharm Sci 13(2), 259-280, 2016

279

126. Kasem WT. Anatomical and 
micromorphological studies on seven species of 
Heliotropium L. (Boraginaceae Juss.) in South 
West of Saudi Arabia, Am J Plant Sci 6(09), 
1370, 2015. 

127. Alwahibi M, Bukhary N, Anatomical study of 
four species of Heliotropium L.(Boraginaceae) 
from Saudi Arabia, Afr J Plant Sci 7 (1), 35-42, 
2013. 

128. Hoyam O, Maha A, Leaf and stem anatomy of 
five species from the Genus Heliotropium L. 
(Boraginaceae) in Sudan, J Chem Pharm Res 
4(10), 4575-4581, 2012. 

129. El-Ghazaly G. Pollen morphology of the family 
Boraginaceae in Qatar, Qatar Univ Sci J 15(1), 
65-75, 1995. 

130. Dasti AA, Bokhari TZ, Malik SA, Akhtar R, 
Epidermal morphology in some members of 
family Boraginaceae in Baluchistan, Asian J 
Plant Sci 2(1), 42-47, 2003. 

131. Cheeke PR, Toxicants of plant origin: 
alkaloids, CRC Press, U.S.A. 1989. 

 
 

Received: 23.01.2016 
Accepted: 14.04.2016

 



Muhammad Khurm GHORI, Muhammad Abuzar GHAFFARI, Sajid Nawaz HUSSAIN, Majid MANZOOR, Mukhayar AZIZ, Wajid SARWER

280


