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Summary

Ballota nigra, also known as black horehound is a common medical herb used in folk medicine around the 
world. First reported mentions of its medical properties and use goes as far as the 13th century. The use 
of black horehound depends on regions and countries. It is used mostly to treat e.g. mild sleep disorders, 
nervousness, upset stomach, wound healing. It can be used as an anti-inflammatory, antibacterial, antipro-
tozoal, antifungal drug. Moreover, it has been reported as a potential cancer drug. This extensive usage is 
particularly interesting for us. The aim of this review is to present available data on B. nigra pharmacological 
effects and known traditional uses gathered from a wide range of scientific articles published in 1997–2020.
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INTRODUCTION

Nowadays, the black horehound is an object of inter-
est mainly in the countries of the Middle East, which 
is reflected in the amount of articles and research con-
ducted in that region. Due to the number of its poten-
tial applications and common occurrence in Europe 
this article is to raise interest in this special herb. Bal-
lota nigra is a plant from the Lamiaceae family, it is 
a herbaceous perennial, occurring in Europe, North 
Africa, Western Asia and North America. The whole 
plant is pubescent and fresh green. It has herbaceous 
ascending stems, wooden and branched at bottom, 
covered by down folded hairs. The plant has a tap-
root system. The leaves are 0.5 to 1 cm long and the 
lower leaves are a little bit longer. It has purplish flow-
ers, that are organized in verticillasters, subspherical 
to about one-sided, with 15 to 30 flowers. The whole 
plant gives off an unpleasant odour [1].

Other names of black horehound are as follows: 
Ballota, Ballote Fétide, Ballote Noire, Ballote Puante, 
Ballote Vulgaire, Black Stinking Horehound, Mar-
rube Fétide, Marrube Noir, Marrubio Negro.

The black horehound has been of interest to the 
medical world for many years, and to this day it is 
used in traditional medicine in many regions of the 
world. Its versability translates into a large num-
ber of 'traditional' uses, ranging from wound care 
to psychiatric problems. Most often it is used in the 
form of leaf tea, it can also be used in the form of 
essential oils or tinctures [2].

It is mainly used as an ad hoc sedative agent, but it 
can also be used to relieve discomfort in neurotic dis-
orders and depression. The 5-phenylpropanoids com-
pounds from the plant are mainly responsible for these 
properties [3]. An essential oil from aboveground parts 
has at least 70 chemical compounds [4]. The chemi-
cal compounds responsible for the pharmacologi-
cal effects of black horehound are mainly substances 
from phenylpropanoid glycosides, diterpenes and 
carboxylic acids. One of the most important groups 
is the phenylpropanoid glycosides such as lavanduli 
folioside, which has a negative chronotropic effect 
and it lowers the blood pressure.[5] Other important 
compound in this group is forsythioside B, which has 
neuroprotective and cardioprotective properties [6, 7]. 
From the group of diterpenes, the substance balloni-
grin is also interesting because it can potentially inhibit 
the development of cervix cancer [8].

In many researches that provided evidence for 
the pharmacological effects of B. nigra, researchers 
used an extract of black horehound, which makes it 
impossible to indicate exactly which compound was 

responsible for a given effect. This could be an idea 
for further work on this herb.

The aim of this article is to provide an overview of 
information about the black horehound, with particular 
emphasis on the possible clinical applications. The range 
of its traditional uses was also taken into account. In the 
chemotaxonomy part, the chemical composition of the 
plant is included, as well as the composition of essential 
oils, depending on the part from which they were ob-
tained. The text also includes information on the dosage, 
forms of use, intake and the toxicity of B. nigra.

CHEMOTAXONOMY

B. nigra has a wide variety of phytochemical com-
pounds. Many studies have proven that black hore-
hound contains terpenoids, flavonoids, steroids, 
carboxylic acids, phenylpropanoids. Essential oils 
obtained from various parts of the plant also contain 
a wide range of chemicals.

Phytochemicals compaunds extracted from B. nigra:

-- diterpenes: 7α-acetoxymarrubiin, ballonigrin 
[9], ballotenol [10], dehydrohispanolone (his-
panone) [3], marrubiin [12], preleosibirin [13], 
7α-acetoxyroyleanone [14];

-- flavones: ladanein [14], apigenin, luteolin, chrys-
oeriol [15], tangeretin [16];

-- flavonols: 5-hydroxy-3,7,4′-trimethoxyflavone, 
kumatakenin, retusin [17];

-- flavone glycosides: apigenin-7-O-β-D-
glucopyranoside [18];

-- acyl flavonoid glycosides: luteolin-7-lactate, 
luteolin-7-O-[2-O-β-D-glucopyranosyl-lactate] [19];

-- C-glycosyl flavonoids: vicenin-2 [18];

-- triterpenoids: oleanolic acid, ursolic acid [20];

-- steroids: β-sitosterol [14];

-- carboxylic acids: caffeic acid, E-caffeoyl-L-malic 
acid, chlorogenic acid, fumaric acid, quinic acid, 
shikimic acid [21];

-- nitrogen-containing compounds: choline (foetida) 
[22], 4-hydroxyproline betaine, stachydrine [23];

-- phenylpropanoids: alyssonoside, angoroside A, 
arenarioside, ballotetroside, forsythoside B, lavan-
dulifolioside [21], martynoside [14], verbascoside 
(acteoside) [24] and phytol [25].
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Main compounds: (>3% of the essential oil):

B. nigra

-- aerial parts: caryophyllene oxide, epi-α-muurolol, 
δ-cadinene, α-cadinol, γ-amorphene, β-bourbonene, 
6,10,14-trimethyl-2-pentadecanone, (E)-caryophyl-
lene, germacrene D, aromadendrene, γ-muurolene, 
germacrene D-4-ol, α-bisabolol, α-amorphene [26] 
β-pinene, α-pinene, sabinene, α-phellandrene [27];

-- corollas: palmitic acid, 2,2,6-trimethyl-4-methy-
lene-3,4-dihydro-2H-pyran, hexahydrofarnesylace- 
tone, myristic acid, caryophyllene oxide, pentadeca-
noic acid, palmitoleic acid, germacrene D [29];

-- calyx: palmitic acid, dodecanal, palmitoleic acid, 
myristic acid, pentadecanoic acid, lauric acid, 
trans-isoelemicin, hexahydrofarnesylacetone, pen-
tadecene, methyleugenol;

-- leaves: β-caryophyllene, germacrene D, α-humulene, 
(E)-phytol [28], palmitic acid, palmitoleic acid, myris-
tic acid, pentadecanoic acid, farnesyl acetone, dihydro-
actinidiolide [29];

-- stems: β-caryophyllene, germacrene D, α-humulene, 
δ-cadinene, (E)-phytol [28], methyl salicylate, palmitic 
acid, 2,2,6-trimethyl-4-methylene-3,4-dihydro-2H-
pyran, myristic acid [29];

-- root: p-vinylguaiacol, borneol, myrtenol, trans-
pinocarveol, 1-octen-3-ol, pinocarvone, 2-methyl-
3-phenylpropanal, p-cymen-8-ol, trans-carveol, 
β-pinene, α-pinene , sabinene, α-phellandrene [28]

B. nigra subsp. anatolica

-- aerial parts: germacrene D, nerolidol sclareol ox-
ide, linalyl acetate, β-caryophyllene, spathulenol, 
linalool, longipinene epoxide [30], hexadecanoic 
acid, β-bisabolene, hexahydrofarnesyl acetone, 
1-isobutyl-4-isopropyl-2,2-dimethyl succinate, 
β-eudesmol [31], 1-hexacosanol, caryophyllene 
oxide, germacrene-D, α-selinene, Z-8-octadecen-
1-ol acetate, 2,5-di-tert-butyl-p-benzoquinone, 
arachidic acid, tetracosane, heneicosane, heptaco-
sane, 2-methyl-1-hexadecanol, octadecane, butyl 
phthalate [32], β-caryophyllene, germacrene D, 
1-octen-3-ol, (E)-2-hexenal, α-humulene, caryoph-
yllene oxide [33], β-caryophyllene, germacrene D, 
caryophyllene oxide, 1-octen-3-ol, (E)-2-hexenal, 
α-humulene, β-bourbonene [34], (E)-phytol, ger-
macrene D, β-caryophyllene, caryophyllene oxide, 
(E)-β-ionone [35], germacrene D, β-caryophyllene, 

caryophyllene oxide, caryophylladienol I, (E)-
2-hexenal, hexadecanoic acid, α-humulene [4];

-- fruiting aerial parts: β-caryophyllene, caryophyl-
lene oxide, germacrene D, (E)-2-hexenal, β-pinene, 
limonene, 1-octen-3-ol, linalool [36];

-- aerial parts flowering: β-caryophyllene, caryoph-
yllene oxide, germacrene D, (E)-2-hexenal, 1-octen-
3-ol [36];

-- flowers: hexenal, (E)-β-caryophyllene, ger-
macrene D, cis-3-hexene-1-ol, pentanal, limonene, 
(E)-2-hexenal [37].

Ballota nigra subsp. curdica

-- aerial parts: caryophyllene oxide, β-caryophyllene 
, germacrene D, 1-undecene, isoaromadendrene ep-
oxide [38].

Ballota nigra subsp. uncinata

-- aerial parts: caryophyllene oxide, hexadecanoic 
acid, β-caryophyllene, germacrene D, hexahydro-
farnesyl acetone, spathulenol, caryophyllene II; bi-
cyclogermacrene [31].

PHARMACOLOGICAL EFFECTS

Various biologically active compounds that are pres-
ent in B. nigra have an impact on the human body. 
Many of those effects can be useful in pharmacother-
apy. The variety of those compounds is reflected in 
numerous pharmacological effects such as: anticho-
linesterase activities, antidepressant activity, antip-
roliferative and cytotoxic activities, sedative activity, 
antiprotozoal activity, hypoglycaemic activity, hypo-
lipidemic activity and tyrosinase inhibitory activity.

Antidepressant and sedative activity

Studies from 1996 showed that water extract of B. nigra, 
subsp. anatolica had antidepressant activity. In this study 
authors compared it with other substances such as ami-
triptyline and Passiflora extract. In the forced swimming 
test when compared to amitriptyline (379.0 s), Passiflora 
extract (388.9 s), B. nigra had an slightly longer time of 
immobility (496.4 s), however, the result compared to 
the control group (570.0 s) was better [39].

In a clinical study where patients with anxiety 
disorder and symptoms of depression and sleep 
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disorders, were administered liquid extract of B. nig-
ra for 90 days. After 60 days, 65% of patients showed 
improvement, and after 90 days 73% of patients re-
ported a relief in disease symptoms. Patients with 
sleep disorders experienced particularly remarkable 
improvement [40].

B. nigra is traditionally used and well-known 
for its sedative activity [40]. It is proven that 
5 phenylpropanoids (feoyl-L-malic acid, verbasco-
side, forsythoside B, arenarioside, and ballotetroside) 
from B. nigra showed a binding affinity to morphinic, 
dopaminergic and benzodiazepine receptors [3].

Antiproliferative and cytotoxic activities

Ballotinone and ballonigrin, natural compounds 
of B. nigra have a docking activity against the ac-
tive site of the protein E6, a HPV virus protein, that 
plays a major role in molecular genesis of cervix 
cancer. The E6 protein binds and deactivates to the 
human tumour suppressor protein p53, creating a 
p53-HPV oncoprotein complex. The binding of 
ballotine and ballonigrin to E6 protein can play an 
important role in prevention of cervix cancer [8]. 
Another compound that can be found in B. nigra, 
7α-acetoxyroyleanone, was proven to have in vitro 
cytotoxic activity against MIA PaCa-2 and melano-
ma (MV-3) cancer cell lines [41].

Additionally, it seems that 7α-acetoxyroyleanone, 
through inhibition of DNA synthesis, causes cyto-
toxic activity against other cancer cell lines: murine 
skin (B16), breast (MCF-7), colon cancer (HCT-8), 
and leukaemia (CEM and HL-60) [42].

Anticholinesterase activities

The cholinesterase enzymes are known for hydroly-
sis of choline esters, most importantly ACh, which 
finishes the neural transmission in central neural 
system (CNS), neuromuscular junction and in au-
tonomic nervous system. In comparison with BChE 
the AChE, concentration is much higher in the 
brain, however, the BChE concentration is much 
higher in the circulatory system. The BChE is also 
known as the nonspecific cholinesterase that can 
hydrolyse more substrates. On the other hand, the 
AChE is known to be a specific cholinesterase and 
it is 20-fold more efficient in ACh hydrolysis. The 
inhibition of those enzymes leads to the elevation 
of ACh, thus, it is useful in myasthenia gravis, glau-
coma, Alzheimer’s disease [43].

Studies have shown that an acetone extract from 
B. nigra subsp. anatolica (whole plant) have been 
proven to be superior over ether, water, methanol 
and the petroleum extracts in matter of inhibiting 
acetylcholinesterase and butyrylcholinesterase. The 
BChE inhibition was stronger (71.58%) than AChE 
inhibition (44.71%). Comparing the acetone extract 
of B. nigra with galanthamine (standard drug), the 
extract had higher inhibitory effect against BChE 
[32]. However, the inhibition of BChE has not found 
any usage in medicine [44].

Hypoglycaemic and hypolipidemic activity

The plant extract of B. nigra caused a reduction in 
blood glucose level in albino rats. It is suspected to 
have an insulinotropic effect, but further studies are 
necessary to prove it [45]. Nonetheless, this can be 
a very useful for treating diabetes mellitus in which 
control of the blood glucose level is the most impor-
tant treatment target [46]. A study has also shown 
that B. nigra can decrease the total serum choles-
terol with no changes in triglycerides levels [47]. 
LDL cholesterol increases the risk of cardiovascular 
disease, so its lowering will be a positive factor for 
human health [48]. Both of those effects can be also 
helpful in treatment of patients with metabolic syn-
drome, thus it can reduce the risk of coronary heart 
disease and stroke etc. [49].

Tyrosinase inhibitory activity

A study from 2014 proved that an extract from 
B. nigra subsp. curdica from Iran has a considerable 
tyrosinase inhibitory activity [50].

Considering the fact that tyrosinase is an enzyme 
that plays a key role in melanin biosynthesis, this ex-
tract can be helpful in the treatment of melasma, solar 
lentigo and other anomalous skin pigmentation [51].

Antibacterial activity

An EtOH extract from B. nigra stems can lower the 
production of δ-hemolysin, which is an virulence 
factor of Staphylococcus aureus and due to this fact it 
is safe to say that B. nigra has anti-quorum sensing 
activity. Hence, it might be useful as an alternative 
to antibiotics [52].

In the study it was reported that the water ex-
tract of B. nigra exhibited a dose-dependent biofilm 
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formation inhibition for methicillin-resistant S. au-
reus [53].

Other research indicating B. nigra antibacterial ac-
tivity:
•	 Escherichia coli, Staphylococcus aureus, Proteus 
mirabilis, Klebsiella pneumoniae, Enterococcus faeca-
lis, Salmonella typhi [54];
•	 Escherichia coli, Staphylococcus aureus, Bacillus 
mycoides, B. subtilis, Micrococcus lysodeikticus, Kleb-
siella pneumoniae, Candida albicans [28];
•	 Staphylococcus aureus, S. aureus MRSA, Proteus 
mirabilis [55];
•	 B. nigra subsp. anatolica →Bacillus subtilis, B. ce-
reus, Staphylococcus aureus, Escherichia coli, Proteus 
vulgaris, Salmonella typhimurium, Pseudomonas ae-
ruginosa [56];
•	 B. nigra subsp. anatolica → Bacillus cereus, Pseudo-
monas aeruginosa, Klebsiella pneumoniae, Staphylococ-
cus capitis, S. aureus, S. epidermidis, Propionibacterium 
acnes, Moraxella nonliquefaciens [57];
•	 B. nigra subsp. foetida → Escherichia coli, Entero-
bacter cloacae, Pseudomonas aerouginosa, P.  fluores-
cens, Staphylococcus aureus, S. epidermidis [33].

Antifungal activity

•	 Aspergillus niger, A. flavus, A. fumigatus, Fusarium 
solani [54];
•	 B. nigra subsp. anatolica → Candida albicans, De-
baryomyces hansenii, Kluyveromyces fragilis, Rose-
monas rubra [53];
•	 B. nigra subsp. foetida → Candida albicans, C. gla-
brata, C. tropicalis [34].

Antiprotozoal activity

In a 2014 study, extracts of B. nigra’s stems, leaves, 
and roots in EtOH were partitioned between water 
and several organic solvents and an antileishmanial 
activity was observed [54].

Antioxidant activity

Oxidative stress occurs when an overwhelming 
amount of free radicals are produced in human 
body. It can lead to the development of many dis-
eases, such as cancer [58], Alzheimer’s disease, Par-
kinson’s disease, multiple sclerosis, amyotrophic 
lateral sclerosis (ALS), memory loss, depression 

[59], asthma and chronic obstructive pulmonary 
disease (COPD) [60], rheumatoid arthritis [61], 
cataracts[62], foetal growth restriction [63] and pre-
eclampsia [64], hypertension [65], atherosclerosis, 
ischaemia, cardiomyopathy, congestive heart failure 
and cardiac hypertrophy [66].

The antioxidant activity of B. nigra was proven in 
many tests, such as: FRAP [67], SAFQ [68], DPPH 
[69, 21], and free radicals such as O2, H2O2, OH [3], 
ABTS (B. nigra subsp. anatolica) [32].

Dosage

The single adult dose of B. nigra contains from 1.5 to 
5 g of the drug, taken as a tea infusion or as an ex-
tracts prepared with ethanol (max. 45% v/v) or wa-
ter. The same dosage is for elder people. For children 
(aged 3–12) preparations of B. nigra should be given 
only under medical supervision, it should be a non-
alcoholic preparation and the dosage must be cor-
related with body weight [70].

No studies about the usage of black horehound during 
pregnancy and lactation is available, thus it should not 
be used during this period without medical advice [40].

Toxicity and adverse effects

Black horehound, when used in proper therapeutic 
dosage, seems to be a safe drug with no health hazards 
or side effects [1]. Studies available present little proofs 
of toxic activity of B. nigra. Mongold et al. tested the 
safety on mice, giving them 2 g/kg of their body mass. 
No death was stated, even after 15 days of administra-
tion there were no signs of toxic activity [71].

Studies on 28 patients, in which the black hore-
hound was administered 3 times a day as 5 ml of 
liquid preparation for 90 days. Only 2 minor adverse 
effects were reported: nausea (alleviated by taking 
the drug after meals) and fatigue, which abated as 
the study progressed [70].

No cases of overdose are reported. There are no 
contraindications for B. nigra. However, due to its 
sedative effects, driving ability and machine operat-
ing might be affected [40].

TRADITIONAL USES

Black horehound is known in traditional medicine. 
For ages, it has been used for the treatment of many 
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symptoms and diseases. Some of pharmacological 
effects of B. nigra, as presented in this article, have 
been proven, however, many of them still lack re-
search-based evidence [1].

The use of B. nigra differs among countries. As 
it was mentioned in 13th century Ibn al-Baytar’s 
Compendium of Simple Medicaments, in Mo-
rocco and eastern Andalusia the black horehound 
herb was used for the treatment of animal bites, 
wounds, ulcers, hemorrhoids, menstruation dis-
orders, toothaches, sores and nervousness [2]. In 
Turkish traditional medicine, B. nigra, called there 
“Yalanci Isirgan”, was used for a variety of clinical 
situations as a sedative, diuretic, digestive, anti-
inflammatory, antiseptic, and also as an antipara-
sitic drug. Otherwise it was used for the treatment 
of wounds, hemorrhoids, and dysmenorrhea [72]. 
B. nigra subsp. uncinata in the regional tradition of 
Taurus mountains (Turkey) is used to treat stom-
ach upset and flatulence [73]. Another subspecies 
of B. nigra subsp. anatolica, also found use in the 
Turkish traditional medicine. It was used external-
ly, as an antiseptic and for treatment of inflamed 
sore in foot or armpit [74]. In France, it is used for 
the management of nervous disorders (e.g. mild 
sleep disorders) and cough [1]. In Italy, in the up-
per Lucca Province, the folk tradition was to use 
it in the form of poultice for wounds and sprains 
[75] and in Dolomiti Lucane, a decoction of the 
black horehound was used in form of washes for 
its haemostatic properties [76]. In the south Italian 
pharmacopoeia, a rinse of B. nigra served as treat-
ment of skin rashes and it was also drunk to pro-
mote circulation.

B. nigra is used not only in medicine. In the tra-
dition of Rotonda (Italy), the whole plant of black 
horehound is used in repellent fumigation against 
insects, mostly due to containing diterpenes [77]. 
In Serbia, a tea from dried root and an alcohol 
extract of the black horehound have been used to 
treat nervous disorders and cancer [28]. Moldavi-
ans noted the sedative, antispasmodic, stimulant 
and vermifuge effect of the B. nigra. A plant infu-
sion was used to treat flatulence, vomiting, convul-
sive cough, esophageal spasms, abdominal colic, 
rheumatism and mental disorders, such as hyste-
ria, anxiety, psychic asthenia and palpitations [78]. 
B. nigra is used in repellent fumigation against in-
sects. B. nigra from Lamiaceae was already report-
ed for its content in diterpenes, compounds with 
well-known insecticide and antifeedant activities 
[77].

CONCLUSIONS

Taking into account the growing public interest in 
medicinal plants, as well as the above-mentioned 
variety of pharmacological effects of B. nigra, the 
black horehound can be a very useful herb in every-
day life. The compounds contained in the B. nigra 
may prove helpful even in more complicated medi-
cal cases, however, the amount of clinical trials so far 
does not allow for unequivocal determination of its 
usefulness. Therefore, it is suggested to work further 
on this plant.

At the moment, B. nigra has a well-documented 
use as a sedative agent. Laboratory studies have 
also demonstrated other properties of substances of 
black horehound, such as anticholinesterase, antide-
pressant, antiproliferative and cytotoxic, antiproto-
zoal, hypoglycaemic, hypolipidemic and tyrosinase 
inhibitory activities.

Most compounds showing biological activity are 
found in the aboveground parts of the plant, among 
which the dominant groups are phenylpropanoids, 
flavonoids, diterpenes or derivatives of ortho-dihy-
droxycinnamic acid.

There is an evidence of the use of the black hore-
hound even in the 13th century. The country where 
it has gained popularity as a traditional medicinal 
herb is Turkey. There is also evidence of its use in 
other countries such as Morocco, Italy, France, Ser-
bia and Moldova. Use varied by region, but was most 
commonly used as a sedative and wound sanitizer.

ACKNOWLEDGEMENTS

Article written by the Student Science Club at the 
Department of General Pharmacology and Phar-
macoeconomics, Pomeranian Medical University in 
Szczecin, ul. Żołnierska 48, 71-210 Szczecin, Poland.

Ethical approval: The conducted research is not re-
lated to either human or animal use.

Conflict of interest: Authors declare no conflict of 
interest.

REFERENCES

1.	 Brendler T, Wyble C, Hamid M, Nathan J, Potter 
JC, Rodgers K, et al. Physician’s desk reference for 
herbal medicines. J Equine Vet Sci 1999; 19:254.



62 F. Przerwa, A. Kukowka, I. Uzar

2.	 El-Gharbaoui A, Benítez G, González-Tejero 
MR, Molero-Mesa J, Merzouki A. Comparison 
of Lamiaceae medicinal uses in eastern Moroc-
co and eastern Andalusia and in Ibn al-Baytar’s 
Compendium of Simple Medicaments (13th cen-
tury CE). J Ethnopharmacol 2017; 202:208-224. 
doi: http://dx.doi.org/10.1016/j.jep.2017.03.014

3.	 Daels-Rakotoarison DA, Seidel V, Gressier B, 
Brunet C, Tillequin F, Bailleul et. al. Neuro-
sedative and antioxidant activities of phenyl-
propanoids from Ballota nigra. Arzneimittel-
forschung 2000; 50(1):16-23. doi: http://dx.doi.
org/10.1055/s-0031-1300158

4.	 Rigano D, Marrelli M, Formisano C, Menichini F, 
Senatore F, Bruno M, et al. Phytochemical profile 
of three Ballota species essential oils and evalu-
ation of the effects on human cancer cells. Nat 
Prod Res 2017; 31(4):436-444. doi: http://dx.doi.
org/10.1080/14786419.2016.1185722

5.	 K. Miłkowska-Leyck, Filipek B, Strzelecka H. 
Pharmacological effects of lavandulifolioside 
from Leonurus cardiaca. J Ethnopharmacol 
2002; 80(1):85-90. doi: http://dx.doi.org/10.1016/
s0378-8741(02)00016-8

6.	 Jiang WL, Tian JW, Fu FH, Zhu HB, Hou J. Neu-
roprotective efficacy and therapeutic window of 
forsythoside B: In a rat model of cerebral ischemia 
and reperfusion injury. Eur J Pharmacol 2010; 
640(1-3):75-81. doi: http://dx.doi.org/10.1016/j.
ejphar.2010.04.055

7.	 Jiang WL, Fu FH, Xu BM, Tian JW, Zhu HB, Jian-
Hou. Cardioprotection with forsythoside B in rat 
myocardial ischemia-reperfusion injury: Relation 
to inflammation response. Phytomedicine 2010; 
17(8-9):635-639. doi: http://dx.doi.org/10.1016/j.
phymed.2009.10.017

8.	 Nishandhini Marimuthu, Viswanathan T, Ma-
hendran Radha JS. Computational screening of 
the phytocompounds from the plant Ballota nigra 
Linn. against the human papillomavirus (HPV) 
E6. Res J Pharm Tech 2017; 10(9):3095. doi: http://
dx.doi.org/10.5958/0974-360X.2017.00549.2

9.	 Savona BG, Piozzi F, Archirafi V, Hanson JR, 
Siverns M. Structures of three new diterpenoids 
from Ballota species. J Chem Soc Perkin Trans 
1 1976; 2(322):1976-1978. doi: http://dx.doi.
org/10.1039/P19770000322

10.	 Savona G, Piozzi F, Hanson JR, Siverns M. Struc-
ture of ballotinone, a diterpenoid from Ballota 
nigra. J Chem Soc Perkin I 1976:1607-1609. doi: 
http://dx.doi.org/10.1039/p19760001607

11.	 Titier K, Bouchet S, Péhourcq F, Moore N, Moli-
mard M. High-performance liquid chromato-
graphic method with diode array detection to 
identify and quantify atypical antipsychotics and 
haloperidol in plasma after overdose. J Chro-
matogr B Analyt Technol Biomed Life Sci 2003; 
788(1):179-185. doi: http://dx.doi.org/10.1016/
s1570-0232(02)01003-6

12.	 Savona G, Piozzi F, Hanson JR, Siverns M. Struc-
ture of ballotinone, a diterpenoid from Bal-
lota nigra. J Chem Soc Perkin Trans 1. 1976; 
3(15):1607-1609. doi: http://dx.doi.org/10.1039/
P19760001607

13.	 Bruno M, Savona G, Pascual C, Rodríguez B. 
Preleosibirin, a prefuranic labdane diterpene 
from Ballota nigra subsp. foetida. Phytochem-
istry 1986; 25(2):538-539. doi: http://dx.doi.
org/10.1016/S0031-9422(00)85521-1

14.	 Tóth E, Tóth G, Máthé I, Blunden G. Martyno-
side, forsythoside B, ladanein and 7a-acetoxy-
royleanone from Ballota nigra L. Biochem Syst 
Ecol 2007; 35(12):894-897. doi: http://dx.doi.
org/10.1016/j.bse.2007.04.009

15.	 Zhukov IM BV. Chromatospectrophotometric 
determination of flavonoids and dioxycinnamic 
acids in the above-ground part of Ballota nigra L. 
Farmatsevtichnii Zhurnal (Kiev) 1989; 5:55-58.

16.	 Kisiel W, Piozzi F Tangeretin from Ballota nigra. 
Polish J Chem 1995; 69:476-477.

17.	Citoglu GS, Yilmaz BS, Tarikahya B et al. 
Chemotaxonomy of Ballota species. Chem Nat 
Compd 2005; 41:299-302 (2005). doi: http://
dx.doi.org/10.1007/s10600-005-0134-7

18.	 Darbour N, Baltassat F RJ. The presence of an 
O-heteroside and a C-heteroside of apigenine 
in leaves of Ballota-foetida Lamk (Labiatae). 
Pharmazie 1986; 41:605-606.

19.	 Bertrand M, Tillequin F, Bailleul F. Two ma-
jor flavonoids from Ballota nigra. Biochem Syst 
Ecol 2000; 28(10):1031-1033. doi: http://dx.doi.
org/10.1016/s0305-1978(00)00015-6

http://dx.doi.org/10.1016/j.jep.2017.03.014


63Ballota nigra L. – an overview of pharmacological effects and traditional uses

Vol. 66 No. 3 2020

20.	 Janicsák G, Veres K, Kakasy AZ, Máthé I. Study 
of the oleanolic and ursolic acid contents of some 
species of the Lamiaceae. Biochem Syst Ecol 2006; 
34(5):392-396. doi: http://dx.doi.org/10.1016/j.
bse.2005.12.004

21.	 Vrchovská V, Spilková J, Valentão P, Sousa C, An-
drade PB, Seabra RM. Antioxidative properties 
and phytochemical composition of Ballota nigra 
infusion. Food Chem 2007; 105(4):1396-1403. doi: 
http://dx.doi.org/10.1016/j.foodchem.2007.05.016

22.	 Balansard J. Pharmacological study of Ballota 
foetida. C R Seances Soc Biol 1934; 115:1295-
1297.

23.	 Blunden G, Yang MHE, Yuan ZX, Smith BE, Patel 
A, Cegarra JA, et al. Betaine distribution in the 
labiatae. Biochem Syst Ecol 1996; 24(1):71-81.

24.	 Seidel V, Bailleul F, Libot F, Tillequin F. A phenyl-
propanoid glycoside from Ballota nigra. Phyto-
chemistry 1997; 44(4):691-693. doi: http://dx.doi.
org/10.1016/s0031-9422(96)00578-x

25.	 Popa D, Pasechnik G. Higher terpenoids of 
some species of Labiatae. Chem Nat Comp 1974; 
10:543.

26.	 Morteza-Semnani K, Saeedi M, Akbarzadeh M. 
The essential oil composition of Ballota nigra. 
Chem Nat Comp 2007; 43:722-723. doi: http://
dx.doi.org/10.1007/s10600-007-0245-4

27.	 Jamzad M, Abdolhossein R, Jamzad Z, Masoudi 
S. Essential oil composition of Salvia indica L., 
Thymus caucasicus Wind. Ex Ronniger subsp. 
Grossheimii (Ronniger) Jalas. and Ballota nigra 
L. three Labiatae species from Iran. J Essent Oil 
Bear Plants 2013; 14:76-83. doi: http://dx.doi.org/
10.1080/0972060X.2011.10643903

28.	 Vukovic N, Sukdolak S, Solujic S, Niciforovic N. An-
timicrobial activity of the essential oil obtained from 
roots and chemical composition of the volatile con-
stituents from the roots, stems, and leaves of Ballota 
nigra from Serbia. J Med Food 2009; 12(2):435-441. 
doi: http://dx.doi.org/10.1089/jmf.2008.0164

29.	 Kolisnyk YS, Kovaleva AM, Goryacha O V. The 
study of the volatile oils composition obtained 
from vegetative and generative organs of Ballota 
nigra L. Vìsnik Farm 2014; 0(2(78)):59-62. doi: 
http://dx.doi.org/10.24959/nphj.14.1967 

30.	 Kazemizadeh Z, Amini T, Nazari F, Habibi Z. Vol-
atile constituents of Ballota nigra subsp. anatolica 
from Iran. Chem Nat Comp 2009; 45(5):737-
738. doi: http://dx.doi.org/10.1007/s10600-009-
9415-x

31.	 Kaya A, Kürkçüoğlu M, Dinç M, Doğu S. Com-
positions of the essential oils of Ballota nigra sub-
sp. uncinata and subsp. anatolica from Turkey. 
Indian J Pharm Edu Res 2017; 51(3):S185-189. 
doi: http:/dx./doi.org/10.5530ijper.51.3s.9

32.	 Erats A, Boga M, Yeter Y. Phytochemical profile 
and ABTS cation radical scavenging, cupric re-
ducing antioxidant capacity and anticholinester-
ase activities of endemic. Turkey J Coast Life Med 
2014; 2(7):555-559.

33.	 Bader A, Caponi C, Cioni PL, Flamini G, Mo-
relli I. Composition of the essential oil of Ballota 
undulata, B. nigra ssp. foetida and B. saxatilis. 
Flavour Fragr J 2003; 18(6):502-504. doi: http://
dx.doi.org/10.1002/ffj.1257

34.	 Fraternale D, Bucchini A, Giamperi L, Ricci D. 
Essential oil composition and antimicrobial ac-
tivity of Ballota nigra L. ssp. foetida. Nat Prod 
Commun 2009; 4(4):585-588.

35.	 Đorđević AS, Jovanović OP, Zlatković BK, 
Stojanović GS. Chemical composition of Ballota 
macedonica Vandas and Ballota nigra L. ssp. foeti-
da (Vis.). Hayek essential oils – the chemotaxo-
nomic approach. Chem Biodivers 2016:782-788. 
doi: http://dx.doi.org/10.1002/cbdv.201500254

36.	 Fraternale D, Ricci D. Essential oil composition 
and antifungal activity of aerial parts of Ballota 
nigra ssp. foetida collected at flowering and fruit-
ing times. Nat Prod Commun 2014; 9(7):1015-
1018.

37.	 Sarikaya A. Volatile component composition of 
Ballota nigra subsp. anatolica at different veg-
etation periods in Çamlica Province of KÜtahya 
City, Turkey. Applied Ecol Environ Res 2017; 
15:1929-1933. doi: http://dx.doi.org/10.15666/
aeer/1504_19291933

38.	 Majdi M, Dastan D, Maroofi H. Chemical compo-
sition and antimicrobial activity of essential oils 
of Ballota nigra subsp. kurdica from Iran. Jundis-
hapur J Nat Pharmac Prod 2016; 12:e36314. doi: 
http://dx.doi.org/10.5812/jjnpp.36314



64 F. Przerwa, A. Kukowka, I. Uzar

39.	 Vural K, Ezer N, Erol K, Sahin FP. Anxiolytic and 
antidepressant activities of some Ballota species. J 
Facult Pharm Gazi Univ 1996; 13(1):29-32.

40.	  Ballotae nigrae herba – black horehound. The 
Scientific Foundation for Herbal Medicinal Prod-
ucts 2015. https://escop.com/ballotae-nigrae-
herba-black-horehound-online-consultation/

41.	 Fronza M, Murillo R, Ślusarczyk S, Adams M, 
Hamburger M, Heinzmann B, et al. In vitro cy-
totoxic activity of abietane diterpenes from 
Peltodon longipes as well as Salvia miltiorrhiza 
and Salvia sahendica. Bioorganic Med Chem 
2011; 19(16):4876-4881.

42.	 da Araújo EC, Lima MA, Montenegro RC, 
Nogueira M, Costa-Lotufo LV, Pessoa C, et al. 
Cytotoxic abietane diterpenes from Hyptis mar-
tiusii Benth. Z Naturforsch C J Biosci 2006; 61(3-
4):177-183. doi: http://dx.doi.org/10.1515/znc-
2006-3-404. PMID: 16729573

43.	 Waiskopf N, Soreq H. Cholinesterase inhibitors: 
from molecular mechanisms of action to current 
and future prospects. From molecular mechanisms 
of action to current and future prospects [Inter-
net]. Handbook of Toxicology of Chemical War-
fare Agents. 2nd ed. Elsevier 2015:761-778. http://
dx.doi.org/10.1016/B978-0-12-800159-2.00052-X

44.	 Pohanka M. Butyrylcholinesterase as a biochemi-
cal marker. Bratisl Lek Listy 2013; 114(12):726-
734. doi: http://dx.doi.org/10.4149/bll_2013_153. 
PMID: 24329513

45.	 Nusier MK, Bataineh HN, Bataineh ZM, Daradka 
HM. Effects of Ballota nigra on glucose and insu-
lin in alloxan-diabetic albino rats. Neuro Endo-
crinol Lett 2007; 28(4):470-472. PMID: 17627273

46.	 Imam K. Management and treatment of diabetes 
mellitus. Adv Exper Med Biol 2012; 771:356-80. doi: 
http://dx.doi.org/10.1007/978-1-4614-5441-0_26

47.	 Nusier MK, Bataineh HN, Bataineh ZM, Daradka 
HM. Effects of Ballota nigra on blood biochemical 
parameters and insulin in albino rats. Neuro Endo-
crinol Lett 2007; 28(4):473-476. PMID: 17627272

48.	 Drakopoulou M, Toutouzas K, Stathogiannis K, Syn-
etos A, Trantalis G, Tousoulis D. Managing the lipid 
profile of coronary heart disease patients. Expert Rev 
Cardiovasc Ther 2016; 14(11):1263-1271. doi: http://
dx.doi.org/10.1080/14779072.2016.1221341

49.	 Wagh A, Stone NJ. Treatment of metabolic syndrome. 
Expert Rev Cardiovasc Ther 2004; 2(2):213-228. doi: 
http://dx.doi.org/10.1586/14779072.2.2.213. PMID: 
15151470

50.	 Hashemi F, Zarei MA. Tyrosinase inhibitory ac-
tivity within hexane extract of ten screened plants 
from Kurdistan Province of Iran. Int J Adv Biol 
Biomed Res 2014; 2(11):2795-2799. doi: http://
dx.doi.org/10.33945/SAMI/IJABBR

51.	 Zolghadri S, Bahrami A, Hassan Khan MT, Mu-
noz-Munoz J, Garcia-Molina F, Garcia-Canovas 
F, et al. A comprehensive review on tyrosinase 
inhibitors. J Enzyme Inhib Med Chem [Internet] 
2019; 34(1):279-309. doi: http://dx.doi.org/10.10
80/14756366.2018.1545767

52.	 Quave CL, Plano LR, Bennett BC. Quo-
rum sensing inhibitors of Staphylococcus au-
reus from Italian medicinal plants. Planta 
Med 2011; 77(2):188-195. doi: http://dx.doi.
org/10.1055/s-0030-1250145

53.	 Quave CL, Plano LR, Pantuso T, Bennett BC. Ef-
fects of extracts from Italian medicinal plants on 
planktonic growth, biofilm formation and ad-
herence of methicillin-resistant Staphylococcus 
aureus. J Ethnopharmacol 2008; 118(3):418-428. 
doi: http://dx.doi.org/10.1016/j.jep.2008.05.005

54.	 Ullah N, Ahmad I, Ahmad N, - Fozia. In vitro anti-
microbial, antiprotozoal activities and heavy metals 
toxicity of different parts of Ballota pseudodictamnus 
(L.) Benth. Pak J Pharm Sci 2017; 30(6):2203-2209.

55.	 Didry N, Seidel V, Dubreuil L, Tillequin F, Bail-
leul F. Isolation and antibacterial activity of phe-
nylpropanoid derivatives from Ballota nigra. J 
Ethnopharmacol 1999; 67(2):197-202.

56.	 Dulger G, Aki C, Dulger B. Antimicrobial activity 
of endemic Ballota nigra subsp. anatolica in Tur-
key. Asian J Chem 2010; 22(8):6497-6502.

57.	 Dulger G, Dulger B. Antibacterial activity of en-
demic Ballota nigra subsp. anatolica against some 
human eye pathogens from Turkey. Innovare J 
Life Sci 2017; 5(2).

58.	 Valko M, Izakovic M, Mazur M, Rhodes CJ, Tel-
ser J. Role of oxygen radicals in DNA damage 
and cancer incidence. Mol Cell Biochem 2004; 
266(1-2):37-56. doi: http://dx.doi.org/10.1023/
b:mcbi.0000049134.69131.89 

http://dx.doi.org/10.1080/14779072.2016.1221341
http://dx.doi.org/10.1080/14779072.2016.1221341


65Ballota nigra L. – an overview of pharmacological effects and traditional uses

Vol. 66 No. 3 2020

59.	 Halliwell B. Role of free radicals in the neu-
rodegenerative diseases: therapeutic implica-
tions for antioxidant treatment. Drugs Ag-
ing 2001; 18(9):685-716. doi: http://dx.doi.
org/10.2165/00002512-200118090-00004

60.	 Caramori G, Papi A. Oxidants and asthma. 
Thorax 2004; 59(2):170-173. doi: http://dx.doi.
org/10.1136/thorax.2002.002477

61.	 Mahajan A, Tandon V. Antioxidants and rheu-
matoid arthritis. J Indian Rheumatol Assoc 2004; 
12:139-142.

62.	 Meyer CH, Sekundo W. Nutritional supplemen-
tation to prevent cataract formation. Dev Oph-
thalmol 2005; 38:103-119. doi: http://dx.doi.
org/10.1159/000082771 

63.	 Hracsko Z, Orvos H, Novak Z, Pal A, Varga IS. 
Evaluation of oxidative stress markers in neo-
nates with intra-uterine growth retardation. 
Redox Rep 2008; 13(1):11-6. doi: http://dx.doi.
org//10.1179/135100008X259097

64.	 Braekke K, Harsem NK, Staff AC. Oxida-
tive stress and antioxidant status in fetal cir-
culation in preeclampsia. Pediatr Res 2006; 
60(5):560-564. doi: http://dx.doi.org/10.1203/01.
pdr.0000242299.01219.6a

65.	 Ceriello A. Possible role of oxidative stress in the 
pathogenesis of hypertension. Diabetes Care Feb 
2008, 31(Suppl. 2):S181-S184. doi: http://dx.doi.
org/doi.org/10.2337/dc08-s245

66.	 Bahoran T, Soobrattee MA, Luximon-Ramma 
V, Aruoma OI. Free radicals and antioxidants 
in cardiovascular health and disease. Internet J 
Med Update - EJOURNAL 2007;1(2). doi: http://
dx.doi.org/10.4314/ijmu.v1i2.39839

67.	 Erdogan-Orhan I, Sever-Yılmaz B, Altun ML, Sal-
tan G. Radical quenching activity, ferric-reducing 
antioxidant power, and ferrous ion-chelating ca-
pacity of 16 Ballota species and their total phe-
nol and flavonoid contents. J Med Food 2010; 
13(6):1537-1543. doi: http://dx.doi.org/10.1089/
jmf.2009.0237

68.	 Citoğlu GS, Coban T, Sever B, Işcan M. Antioxi-
dant properties of Ballota species growing in Tur-
key. J Ethnopharmacol. 2004 Jun; 92(2-3):275-80. 
doi: http://dx.doi.org/10.1016/j.jep.2004.03.012

69.	 Makowczyńska J, Grzegorczyk-Karolak I, Wysokińska 
H. Antioxidant activity of tissue culture-raised Ballota 
nigra L. plants grown ex vitro. Acta Pol Pharmac 2015; 
72(4):769-775.

70.	 Huriez A. Ballota medicinal drug extract use in 
anxious patient. Phytotherapy 1991; 36(37):12-19.

71.	 Mongold JJ, Camillieri S, Serrano JJ, Taillade C, 
Masse JP, Susplugas P. Etude expérimentale de 
l’activité psychotrope de Ballota nigra. Phytothé-
rapy 1991; 36(37):5-11 [in French].

72.	 Sarac N, Ugur A. Antimicrobial activities and usage in 
folkloric medicine of some Lamiaceae species grow-
ing in Mugla, Turkey. EurAsian J Biosci 2007; 4:28-37.

73.	 Yeşilada E, Honda G, Sezik E, Tabata M, Fujita T, 
Tanaka T, et al. Traditional medicine in Turkey. V. 
Folk medicine in the inner Taurus Mountains. J 
Ethnopharmacol 1995; 46(3):133-152.

74.	 Yesilada E, Honda G, Sezik E, Tabata M, Goto K, 
Ikeshiro Y. Traditional medicine in Turkey. IV. 
Folk medicine in the mediterranean Subdivision. 
J Ethnopharmacol 1993; 39(1):31-38.

75.	 Pieroni A. Medicinal plants and food medicines 
in the folk traditions of the upper Lucca Province, 
Italy. J Ethnopharmacol 2000; 70(3):235-273. doi: 
http://dx.doi.org/10.1016/s0378-8741(99)00207-x

76.	 Pieroni A, Quave CL, Santoro RF. Folk pharma-
ceutical knowledge in the territory of the Dolo-
miti Lucane, inland southern Italy. J Ethnophar-
macol 2004; 95(2-3):373-384. doi: http://dx.doi.
org/10.1016/j.jep.2004.08.012

77.	 Di Sanzo P, De Martino L, Mancini E., et al. Me-
dicinal and useful plants in the tradition of Ro-
tonda, Pollino National Park, Southern Italy. 
J Ethnobiol Ethnomed 2013; 9:19. doi: http://
dx.doi.org/10.1186/1746-4269-9-19

78.	 Ciocarlan N. Medicinal Lamiaceae species of the 
wild flora of the Republic of Moldova and their 
curative importance. Buletin Ştiinţific. Revista de 
Etnografie, Ştiinţele Naturii şi Muzeologie (Serie 
Nouă) 2013; 18(31):8-12.


