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Abstract: Ajuga bracteosa (Lamiaceae) is known for its ethnomedicinal importance. In order to rationalize

its medicinal applications and establish biogeochemical link, the mineral elements (Na, K, Ca, Mg, Zn,

Mn, Cu, Fe, Cr) of leaves and roots of Ajuga bracteosa and the nearby soil were studied.  The herb

contains comparatively larger amounts of chromium (leaves 25 mg and roots 20 mg per 100 g) which may

be correlated to its use as remedy for diabetes. The considerably larger amounts of potassium (leaves 139

mg, roots 159 mg per 100 g) than sodium (leaves 21 mg, roots 29 mg per 100 g) may have some

correlation with the use of the herb in hypertension.
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INTRODUCTION

Ajuga bracteosa Wall belongs to family Lamiaceae

(Labiatae), which is a large family comprising about

170 genera.  The genus Ajuga consists of about 40-[1 ,2]

50 species. A. bracteosa is distributed in subtropical

and temperate regions from Kashmir to Bhutan,

Pakistan, Afghanistan, China and Malaysia.   In[3]

Pakistan it is found in northern hilly areas, where in

local Hindko/Punjabi language it is called kori booti

(lit., bitter herb) owing to its bitter taste. A decoction

of the leaves of the herb is used in the traditional

medicine for a number of diseases including diabetes,

hypertension, fever, malaria and stomach pain. The

plant is astringent and used as tonic and in the

treatment of agues.  The local people also use its[4 ]

leaves extract for blood purification.   The juice of[5 ,6]

the root is also used in the treatment of diarrhea and

dysentery.  According to Asia Pacific Medicinal Plant7

Database the leaves are regarded as stimulant, diuretic

and tonic.  The extract is also used to cure swollen[8]

wounds, bites of insects, eye troubles, diseases of

bladder, as well as tumors.   [9 ,10]

The chemical investigations  have shown that[11,12]

A. bracteosa contains compounds of the class

diterpenoids and withasteroids, which are a group of

28naturally occurring C  steroidal lactones built on an

intact or rearranged ergostane framework. Withasteroids

exhibit a number of biological activities such as

a n t im ic ro b ia l ,  a n t i t u m o r ,  a n t i - i n f l a m m a to ry ,

hepatoprotective, immunomodulatory, cytotoxic,

antisecticidal and insect-antifeedant properties.  [13-15]

The literature survey showed that no work on

mineral elements of this herb has yet been reported. In

order to develop biogeochemical link, establish 

ethnomedicinal significance and  investigate its possible

pharmacological role, the mineral elements present in

the leaves and roots of Ajuga bracteosa and in the soil

samples collected from the area in which this herb

grows in Abbottabad ( NWFP, Pakistan) were studied

and  are being reported in this paper.

RESULTS AND DISCUSSION

The study of mineral constituents of the leaves and

roots of Ajuga bracteosa indicated the presence of

macronutrients (Na, K, Ca, and Mg) and micronutrients

(Fe, Zn, Cr, Cu, and Mn) in variant amounts both in

the herb as well as in the soil samples collected from

its vicinity. The results are shown in Table-1and Table-

2 for the former and latter samples respectively. The

latter values for trace elements in non-agricultural soil

reflect quite divergence than the corresponding mineral

contents recently reported in the agricultural soil of

Peshawar, Swat and Kohat (NWFP, Pakistan)[16]

The uptake pattern of various elements by the

herbs/vegetables in the concerned areas of their soil

depends upon various factors. These include

synergetic/antagonistic behaviour of various elements,

nature of aquatic organisms affecting the ecological

conditions, pH related changes, etc.[17-20]

In order to evaluate the pharmacological /medical

/nutritional significance of Ajuga bracteosa, we need to

investigate the physiological and other functional roles

of various minerals found in this herb. 

Sodium and Potassium: Sodium is the common

mineral determined in Ajuga bracteosa for which

Estimated Safe and Adequate Dietary Intake varies

from 1100-3300 mg which is 1875-5625 mg for
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potassium. The ions of these metals are electrolytes

which maintain “body water balance” and carry out

nerve functions. The requirement of K for daily intake+ 

is obviously quite higher in concentration within body

cells, while Na  (along with Cl ) ions are found in+ -

excess especially in extra cellular fluids such as blood

plasma.  The role of Potassium in controlling blood[21]

pressure is well known. In this context, the higher

quantity of potassium as compared to sodium makes

this herb significant (Table-1). In case of K-deficient

individuals, the intake of a decoction of this herb will

certainly assist to overcome its deficiency and thus is

likely to enhance its functional role.[22]

Calcium and Phosphorus: Calcium and phosphorus

together are important elements which remarkably

contribute to body structure especially in the formation

of bones and teeth. The bones have living tissues and

secrete collagen, which forms the framework of

connected tissues and bones. Calcium, with other

elements, is involved in nerves transmission and blood

clotting. The Recommended Dietary Allowance (RDA)

necessitates 800 mg of Ca  as daily dose for adult2+

males and females, while 1200 mg for teenagers and

pregnant women. Overdose of Ca supplement may

suppress utilization of other minerals. The intake of Ca

reduces absorption of Na  and assists in reducing blood+

pressure. Its deficiency leads to stunted growth due to

softening/ weakening of bones and causes diseases like

rickets, osteomalacia and osteoporosis . The intake[23,24]

of aqueous extracts provides about 200 mg of calcium

from 100 grams of this herb (Table-1).   This will

certainly mitigate the deficiency of calcium content in

the needy individuals.

Magnesium: Magnesium  is an important mineral[25-34]

element which is a component of bones and many

enzymes. It plays important role in the regulation of

blood sugar levels and blood pressure. It is necessary

for the transmission of nerve impulses, which affects

contraction and relaxation of muscles. 

Generally speaking spontaneous deficiency of Mg2+

in humans is unlikely. However, its prolonged

deficiency causes neurological disturbances. When Mg2+

deficiency falls to 1.0 meq/L, a syndrome resulting

delirium tremens may be precipitated resulting in semi

coma, tremor, carpopedal spasm and general

neuromuscular irritability, with marked susceptibility to

auditory, mechanical and visual stimuli. The

administration of M g  brings about prompt2 +

improvement.

We must bear in mind that Daily Requirement

Allowance (RDA) of Mg  has not been fully2+

established, but its Estimated Safe Intake Requirement

falls between 200-300 mg/day. [Table-1] Luckily we

can get about 300 mg of Mg  from 100 g of Ajuga2+

bracteosa, which can be utilized to play its

pharmacological function to sustain a healthy body. 

Zinc: Zinc  is another important mineral which[35-43]

makes contribution to human health as a component of

70 enzymes with a variety of functions. It promotes

proper growth along with sexual maturity. The adult

RDA requirement for Zn  is about 15 mg. Is2+

deficiency leads to the loss of appetite, retards growth,

causes reproductive failure, impairs immune function,

delays healing of wounds and decreases taste sharpness.

Animals fed on peanut meal, having a supplement of

Zn  ions, develop a syndrome called parakeratosis2+

with nausea and vomiting.

The aqueous decoction of Ajuga bracteosa, which

contains very small amount of Zn 1.2-2.0 mg/100 g2+ 

of the herb (Table-1), may not alleviate symptoms of

this type of disease. However, the administration of .02

3% ZnCO  in the diet can cure this disease. Its excess

causes nausea and vomiting along with diarrhea. It may

adversely affect Cu metabolism by depressing its

absorption.

Iron: Like many other minerals, iron  is a[44,45]

component of many enzymes and is an essential part

of hemoglobin (blood protein) and myoglobin (muscle

protein).The RDA requirements for adult males and

females are 10 mg and 18 mg respectively. Thus,

women require more dietary iron since they lose blood

during menstruation and childbirth. They also need 30-

60 mg of supplementary iron during lactation at least

for 2-3 months after delivery. Deficiency of Fe may

lead to anemic conditions and an individual feels “run

down” and his work efficiency is adversely affected. Its

prolonged deficiency impairs immune functions.. The

use of an aqueous decoction of Ajuga bracteosa, which

can provide only 2-3 mg of Fe per 100 g of the herb,

cannot yield appreciable pharmacological benefit in the

absence of dietary iron.

Copper: Copper  is involved in many biological[46-50]

functions. It is a component of various enzymes and

plays its role in the synthesis of collagen, regulation of

normal cardiovascular and immune functions. However,

its severe and prolonged deficiency may promote

anemic conditions, bring about cardiovascular changes

and cause infirmity of bones (due to depression of iron

metabolism). However, its depletion and enrichment

both are damaging. Excess deposition of Cu in tissues

is seen in man in Wilson’s disease, with pertinent

associated effects. The Estimated Safe Adequate and

Dietary Intakes for Cu is only 0.9 mg. But on the2+ 

average we get only 0.3mg/100g of Ajuga bracteosa,

which is small but may still be physiologically useful. 
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M anganese: Manganese is an essential trace

element.  Definite requirement of Mn  for[51,52] 2 +

individuals has not been rationally established.

However, Estimated Safe and Adequate Dietary Intake

indicates 2.5-5.0 mg as its sufficient amount. Mn salts

are poorly absorbed from intestine and get concentrated

in liver and kidney, particularly in mitochondria. The

aqueous decoction obtained from 100 g of Ajuga

bracteosa (Table-1) contains about 2 mg of this trace

element. This may partially be helpful in compensating

its deficiency, if excessive amount of mineral is

ingested, it may interfere with absorption of iron.

Under such conditions resulting anemia may be

prevented by increasing dietary intake of iron.

Chromium:,Chromium  is an other essential[53-64]

mineral that human require in trace amounts. It is an

important component of many body building strategies

to and in the development of lean muscle mass, as well

as in the treatment of diabetes and for weight loss.

Chromium increases the metabolism of proteins, fats

and carbohydrates. Significantly, it enhances the

efficiency of insulin to regulate blood sugar levels. A

person deficient in chromium can lead to fatigue, high

cholesterol levels, anxiety, atherosis and slow healing.

Its deficiency also diminishes the body’s ability to

convert glucose to energy and therefore leads to high

blood glucose levels and increased insulin production.

Within the body, chromium is also used as Glucose

Tolerance Factor (GTF), which consists of chromium,

niacin (Vitamin B3) and a number of amino acids. The

GFT improves insulin efficiency and activity of insulin

receptors in cells.  Poor insulin production leads to

hypoglycemia and adult diabetes. Thus it is essential to

add chromium to patients fed insulin intravenously, to

avoid the onset of diabetes. However, keeping in view

of this toxic effect, it has been recommended that 200-

400 µg/day of Cr-picolenate may be used safely to

avoid full blown diabetes. It has also been found that

this compound affects a number of functions of

neurotransmitter of people suffering from depression or

other emotional disorders. Most of the vegetables/fruits

provide very little chromium. Its absorption in intestinal

tract is low. The absorbed chromium is stored in the

liver, spleen, soft tissues and bones. The body’s

chromium content may be reduced under several

conditions, e.g., infection, acute exercise, pregnancy,

lactation, stressful states etc. To meet the nutritional

requirement of Cr on daily basis, Recommended

Dietary Allowance (RDA) has been developed along

with Estimated Safe and Adequate Intake. Individuals

suffering from diabetes when given a dose of 150-250

µg/day were found to correct their diabetes symptoms.

The older people are more vulnerable to chromium

depletion than younger ones. There is considerable

possibility that supplemental chromium may help to

treat impaired glucose tolerance and type-2 diabetes. In

this connection, research activities are still going on. It

is worthwhile to mention that 20-25 mg of Cr

obtainable from 100 g of Ajuga bracteosa (Table-1),

may be quiet sufficient for the relief of diabetic

patients. Hence, this herb may be taken in an

appropriate manner to relieve diabetic patients and help

in various other functions affected by chromium

deficiency.

Conclusion: We may conclude that human body needs

major minerals (Ca, P, S, K, Na and Mg), and trace

2, elements (Fe, Zn, Cu, I Mn, Cr and others), which are

essential for growth, health and wellbeing, and

reproduction. We must bear in mind that the

consequences of essential trace mineral deficiency may

be just as severe as those of a deficiency of a major

essential mineral. Many elements are associated with

one another in maintaining our normal growth and

health. Ajuga bracteosa is characterized by its

comparatively larger potassium to sodium ratio, and

higher quantities of magnesium and chromium. As

these elements have a role in regulating blood sugar

level and blood pressure, the herb may prove to be a

useful remedy for diabetes and hypertension.

MATERIALS AND METHODS

The chemicals and reagents used in the present

work were of analytical grade (E. Merck, Germany).

The solutions of the samples and the standard were

prepared in double deionised water. The atomic

absorption spectrophotometer used for trace elements

analysis was Varian Model AA240.

The leaves and roots of the perennial herb Ajuga

bracteosa (Lamiaceae) were collected in October 2007

from hills near Abbottabad, Pakistan, and were

identified by the taxonomist Dr Syed Muqarrab Shah,

Department of Botany, Hazara University. The soil

samples were also collected from the vicinity of the

herb. 

Digestion of Leaves and Roots Samples: The samples

of leaves and roots were cleaned visually to remove

any dust particles and were then washed with the

deionised water. The dried samples were then ground

to fine powder.

Weighed and ground samples of leaves and roots

were separately placed in a pre-cleaned silica crucible

and heated on flame for about 10 minutes to remove

moisture and volatile matter. Then in each case the

crucible was heated strongly in a muffle furnace at

600<C  for  about  4 hours which converted the

samples   into  ash.  The ash was dissolved in conc. 
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Table 1: Quantity of Trace Elements in mg/100 g

Elements Leaves Roots Soil

1 Sodium, Na 21.4 28.6 40.6

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 Potassium, K 139.2 159.4 163.2

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 Calcium, Ca 201.3 211.3 220.4

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 M agnesium, M g 271.6 312.7 138.6

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 Zinc, Zn 2.0 1.2 1.4

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 Chromium, Cr 25.0 20.2 0.48

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7 M anganese, M n 2.0 1.3 1.41

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

8 Iron, Fe 3.0 2.1 8.21

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

9 Copper, Cu 0.37 0.23 1.82

Table 2: Trace Elements in Various Soil Samples (M icrogram/g)

Elements Abbottabad Peshawar* Swat* Kohat*

1 Zinc, Zn 14.00 5.36 6.31 5.18

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 Chromium, Cr 4.80 2.26 1.98 2.18

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 M anganese, M n 14.1 28.76 20.75 19.63

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 Iron, Fe 82.1 197.00 205.00 218.00

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 Copper, Cu 18.2 0.80 0.76 0.89

* Data collected by Agriculture University Peshawar  16

3HNO  (12 mL) by adding the acid gradually. A clear

solution was obtained. Then the total volume was made

100 mL by adding twice distilled water to the

dissolved material. The content was then filtered, and

the filtrate was used for the analysis. The experiments

were done in triplicate and the results were averaged

(Table-1).

Digestion of Soil: The soil samples were taken from

the depth of about 10 cm in vicinity of the herb. After

drying at 105<C, the soil was screened to obtaind fine

dust. A weighed, ground sample of the soil was placed

3in a conical flask and treated with conc. HNO  (10mL)

by adding the acid gradually. The flask was then

heated on a hot plate for about an hour. Then, after

3 2 2adding 4 mL conc. HNO and 2 mL H O  (30%), the

flask was further heated for one hour. The contents of

the flask were cooled and diluted with deionised water

to 100 mL final volume. The solution was used for the

analysis of trace elements (Table-1 & 2)
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