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 Background: The increase use of medicinal plants during last 5 
years encourages us to study the possible effects of Coustus 
Speciosus. 
Objective: In the present study, we tested the effect of Costus 
speciosus on the toxicity of Lead acetate.  
Results: The results showed an increase of EPO and high 
expression levels of GATA-1 and FOG-1 while there is a low 
expressional level of SCF in animals treated with Costus 
speciosus. 
Conclusion: Costus Specious has the ability to ameliorate the 
toxicity of lead acetate on erythropioesis. 
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INTRODUCTION 

In last 5 years, research on more than 

13.000 plants has been conducted. A lot of 

evidence has collected to demonstrate 

huge potential of the medicinal plants 

employed in traditional system 
(1)

. World 

Health Organization (WHO) define 

medicinal plants as a herbal preparation 

which is produced by introducing plant 

materials into various of process which 

include extraction, fractionation, 

purification, concentration, or other 

physical or biological processes which 

may be produced for basis for herbal 

product or for the immediate consumption 
(2)

. Overall, 80% of the world’s population 

has dependability in traditional medicine, 

chiefly based on plant drugs for their 

primary healthcare 
(3)

. Vast numbers of 

articles focused on the therapeutic 

activities of medicinal plants; their 

anticancer, antiviral, anti-diabetics 

antifungal activities are published 
(4)

. In 

the present work, we study Costus 

speciosus (Koen) Sm. (Zingiberaceae) (C. 

speciosus) as a wide used medicinal plant. 

The plant is widely distributed in India in 

the tropical or sub-tropical climate from 

the sea level to the Himalayas, excluding 

the arid and semi-arid areas of Punjab, 

Haryana, Rajasthan, Gujarat and the 

peninsular India 
(5)

. The plant rhizomes are 

used as purgative, anthelmintic, 

depurative, febrifuge, expectorant, tonic, 

and useful in burning sensation, 

constipation, leprosy, worm infection skin 

disease, fever, asthma, bronchitis, 

inflammations and anemia 
(6)

. The plant is 

also used as anti-diabetic agent 
(7)

. 

Eremanthin isolated from C. speciosus 

possess hypoglycemic and 

antihyperlipidimic activities 
(8)

. Its 
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antioxidant 
(9, 10)

, antifungal 
(11)

, 

antituberculosis 
(12)

 hepatoprotective 
(13)

 

and oestrogenic activities 
(14)

 are reported. 

In addition, the ethanol extract of the 

leaves and rhizome of Costus speciosus 

possesses anti-inflammatory and 

antipyretic properties 
(15)

. Testing the 

effect of the plant on the blood cells 

formation process is lacking many points. 

This gives us the impetus to test the effect 

of the plant on the lead acetate-induced 

deterioration in erythropoiosis. There is an 

excessive amount of pollutants such as 

heavy metals present in animal and human 

feed 
(16, 17)

. Lead is the most common 

heavy toxic metal and its toxic effect has 

been recognized for more than 2000 years 

ago. Lead accumulates virtually in every 

tissue of the body and effects almost all the 

body systems especially RBCs 
(18)

. In the 

line of its toxicity, Lead induces an 

oxidative stress promoting Reactive 

oxygen species production (ROS) causing 

rapid cellular damage 
(19, 20)

. It well known 

that Lead is hemato-toxic metal 
(21)

. Its 

toxic effect on the haematological system 

induces anaemia 
(22)

. On the other way; 

Lead acetate also is implicated to induce a 

toxic effect on haematological process as it 

induces reduction in RBCs, PCV, Hb, 

MCV, MCH and MCHC, which revealed 

microcytic hypochromic anemia 
(23)

. 

Erythropoiesis is stimulated by the 

hormone erythropoietin (EPO), 

synthesised by the kidney 
(24)

 and regulated 

by the combined effects of micro 

environmental and growth factors that 

promote the survival, proliferation and/or 

differentiation of erythroid progenitors, 

and nuclear factors that regulate the 

transcription of genes involved in the 

establishment of the erythroid phenotype 
(25)

. The factors include; Stem Cell Factor 

(SCF), which plays an important role in 

erythropioesis as it, maintains the 

hematopoietic stem cells in bone marrow 
(26)

. Another Erythroid transcription factor 

also known as Guanine Adenine thymine 

adenine (GATA)-binding factor 1 or 

GATA-1 is a protein that in humans is 

encoded by the GATA-1 gene 
(27)

. This 

protein plays a role in erythroid 

development by regulating the switch of 

fetal hemoglobin to adult hemoglobin 
(28)

. 

Transcriptional activities of GATA factors 

are modulated through physical interaction 

with other transcription factors as Friend 

of GATA (FOG)-1; a protein first sought 

as a cell-restricted cofactor for GATA-1 in 

erythroid cell differentiation. The 

association of FOG-1 with GATA-1 is 

mediated through the amino-finger of 

GATA-1 
(29)

. Furthermore genetic ablation 

of FOG-1 in mice leads to arrested 

erythroid differentiation, resembling loss 

of GATA-1 itself 
(30)

. In the present work, 

we try to examine the ameliorative effect 

of Costus speciosus on the toxicity of lead 

acetate induced deterioration of 

erythropioesis in experimental rats.  

MATERIAL AND METHODS 

Experimental design: Fifty males of 

Sprague-Daley rats weighting 200-250 gm 

were housed in groups of tens in stainless 

steel cages in room with temperature 

23°C±2°C and relative humidity of 55% ± 

5%, with a light-dark phase of 12 hours 

with free access to basal diets and water. 

All animals from all experimental groups 

were left to free access to water and 

designed basal diet all over the 

experimental periods. After 

acclimatization for 7 days, all rats were 

randomly assigned to five groups: Group 

(A) served as control they did not receive 

any type treatment during the experiment. 
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Group (B) received I.P doses of lead 

acetate for 5 days consecutively at a daily 

dose of 50 mg /Kg Body weight. Group 

(C) injected with lead acetate and received 

aqueous extract of C. speciosus at a dose 

of 200mg/Kg body weight for 1 week. 

Group (D) injected with lead acetate and 

received aqueous extract of C. speciosus at 

a dose of 200 mg/Kg body weight for 2 

weeks. Group (E) injected with lead 

acetate and received aqueous extract of C. 

speciosus at a dose of 200 mg/Kg body 

weight for 4 weeks. 

Preparation of plant extract: One-kilo 

gram of Costus Specious rhizomes were 

ground using mixer grinder and packed in 

to soxhlet apparatus and carried out 

extraction using water for Aqueous 

extraction, The powdered rhizome was put 

in to a steel container and boiled for three 

hours using 1.5 liters of water. The 

procedure was repeated for 3 times for 

maximum extraction. The extract was 

filtered using muslin cloth and again 

filtered using wattmann filter paper to 

remove any fines present. The extract was 

freezed using liquid nitrogen further it is 

subjected for liophilization at BSC, 

Bangalore. The yield of the extract was t 

1.5 % w/w. aqueous extracts of Costus 

Specious was freely soluble in water the 

extract was suspended in 5% Tween-8026 

and used for oral administration. Each time 

fresh preparations of the extracts were 

prepared when required. Costus Specious 

extracts were administrated to rats by 

using stomach tube directly in to mouth 
(31)

. 

Sampling protocol: Blood samples were 

collected from rats without anticoagulant, 

kept for a time, centrifuged at 3000 rpm, 

the resulting supernatant were collected 

and used for estimation of serum 

erythropoietin. Bone marrow from the 

thigh bone was taken and weighted then 

immediately kept in liquid nitrogen until 

be used for determination the mRNA 

expression levels of SCF, GATA-1 and 

FOG-1 genes. 

Molecular and biochemical 

determinations  

Biochemical determination of serum 

erythropoietin using Rat EPO 

(Erythropoietin) ELISA Kit Catalog No: 

E-EL-R0007 (Elabscience Biotechnology 

Co.,) according to the method described by 

Samagawa et al. 
(32)

.   

Molecular determination of mRNA 

expression levels of SCF, GATA-1 and 

FOG-1 genes in bone marrow using semi-

quantitative RT-PCR.  

RNA extraction: Total RNA was extracted 

with PAX gene™ bone marrow RNA 

extraction kit (30) with Cat. No. 764133 

using PAX gene bone marrow RNA tubes 

from PreAnalytix (Qiagen®/ BD 

Hemogard®, Franklin Lakes, NJ, USA). 

cDNA synthesis: the first strand cDNA 

was synthesized using (Qiagen RT- PCR 

kits 20). Material No.1042845.  

RT-PCR: RT-PCR was performed using 

SCF, GATA-1 and FOG-1 and 

glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH) was used as 

housekeeping gene specific 

oligonucleotides primers pair as the 

following; the primer pairs for SCF were F 

5'-GAAGAAAACGCACCGAAGAA-3' 

and R 5'-

TAAGGCTCCAAAAGCAAAGC-3'. 

GATA-1 primer pairs were F 5`-

GAAGCGAATGATTGTCAGCA-3 and R 

5`-TTCCTCGTCTGGATTCCATC-3` 

with Accession number (NM012764). 

FOG-1 primer were F 5′-

AACCGGCTACAGCAGGGTGCAGG-3, 
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R 5′-CCCTCGAGAA-

GTGTCAAGGGTCCTGGTGGTG-3), 

and GAPDH primer pairs were F 5`-

CCCGT-AGACAAAATGGTGAAGGTC-

3`and R 5`-

GCCAAAGTTGTCATGGATGACC-3`.  

The amplification was performed using 

thermal cycler (Takara MP, Japan). PCR 

cycling conditions was; 28-30 cycles at 

95/5 minutes initial denaturation, 94°C/2 

minutes denaturation, 55°C/60 secs, 

53°C/45 secs, 60°C/30 secs and 60°C/60 

secs respectively and 72°C elongation 

temperature and chilled in ice for 

5minutes. Then the amplified PCR 

products were electrophoresed on 

Eithidum bromide treated 1.5% Agarose 

gel in 1X Trisacetate EDTA running buffer 

(1 x TAE). The electrophoresis picture was 

taken and analysed by Bio-doc analyser 

software (Biometra, Germany). 

Statistical analysis  

The data was processed using the statistical 

package for social science (SPSS Inc., 

Chicago, IL, version 18, USA). All results 

are expressed as mean ± SD. Comparison 

among groups was made by Student’s t-test 

(unpaired), One-way analysis of variance 

(ANOVA). Duncan's test was used for 

testing the inter-grouping homogeneity. 

Statistical significance was set P ≤0.05. 

RESULTS 

Serum erythropoietin level (U/l): There is 

a significant decrease in erythropoietin 

levels in lead acetate treated groups if 

compared with their control in the same 

duration of the experiment. While its level 

starts to elevate in Costus Specious extract 

treated groups reaching its highest level 

after 4 weeks of treatment table 1.  

mRNA expression levels of SCF, GATA-1 

and FOG-1 genes:  the mRNA expression 

of SCF showed the highest level in lead 

acetate treated group. While it gradually 

decreased to reach its lowest level in lead 

acetate + Costus specious extract 4 weeks 

treated group. The lowest mRNA 

expression level of GATA-1 was shown in 

the lead acetate treated group. The lowest 

mRNA expression level of FOG-1 was 

shown in lead acetate treated group while 

it gradually increased to reach its highest 

expression level in lead acetate + Costus 

specious for 4 weeks when compared to 

their control group.  

DISCUSSION 

In the present study, we tended to test the 

effect of Costus speciosus on the Lead-

induced toxicity on erythroid system. We 

used lead acetate to induce the toxicity. In 

the fact Lead has long been known to exert 

its toxic effects on the erythropoietic 

system that are associated with the 

development of anaemia 
(22)

. Bone marrow 

is one of the most important targets for 

Lead toxicity 
(33)

 so we choosed the bone 

marrow as our target for the study. In the 

present study, we confirmed the toxicity of 

Lead through its effect on Erythropoietin 

(EPO). The animals treated with Lead 

acetate as a source of Lead showed a low 

EPO levels (4.54 U/l) when compared with 

their control (6.14U/l) in the all duration of 

the experiment. Authors from many years 

ago confirmed the toxic effect of Lead on 

the erythropioesis 
(23, 34 and 35)

. As the 

problem of the Lead toxicity become a 

global and widespread all over the world, 

our duty as a researchers is to find a 

possible ways for treatment to save both 

animals/plants. An alternative way for the 

treatment today; is the use of medicinal 

plants as they are natural and save and no 

fear from side effects 
(1, 3)

.  Over this, 

medicinal plants are rich in nutrients and 

natural ingredients used for nontraditional 
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medicine 
(2)

. Costus speciosus is an 

important member of these plants. It is 

worldwide spread and has many 

therapeutic applications 
(8-14)

. We tested 

the effect of Costus speciosus on 

erythropioesis; the results showed a 

significant effect of Costus speciosus on 

EPO and some transcriptional factors in 

the experimental rats. EPO levels showed 

a significant increase in the animals treated 

with Costus speciosus (4.88, 5.2 and 5.74 

U/l) after 1, 2, 4 weeks respectively, if 

compared with animals treated with Lead 

acetate only (4.54 U/l). We tended the 

increase of EPO level in Costus speciosus 

treated animals due to the ameliorative 

effect of the plant itself. The ability of the 

plant to increase EPO levels is a marker 

for improvement of erythropioesis, as it is 

the main stimulator of the process of 

erythropioesis 
(25)

. Synergistically, with 

EPO a transcriptional factor SCF is acting. 

Both EPO and SCF are needed for 

erythroid cell production 
(36)

.  In contrary 

to its effect on EPO; Costus speciosus 

induce high expression level of SCF in 

Lead treated animals. We tended this 

increase due to the ability of lead to 

increase the need of the cells to produce 

SCF, which is the main motivator and 

sensitizer of EPO production 
(37)

.  Another 

two factors act co-operatory to promote 

erythropioesis is GATA-1 and FOG-1. It is 

recorded that mice developed without 

GATA-1 are died as embryos 
(28)

.  Both 

GATA-1 and FOG-1 react to differentiate 

blood cells 
(27)

. While their interaction 

mechanism/s are not clear 
(38)

; mutations 

for one or both of them induce severe 

thrombocytopenia and dyserthropoietic 

anemia 
(39-41)

. Animals treated with Costus 

speciosus showed high expression levels 

of both GATA-1 and FOG-1 genes this 

illustrate the great influence of Costus 

speciosus on erythropioesis. In conclusion, 

Costus speciosus has the ability to 

ameliorate the toxic effect of Lead acetate 

on erythropioesis in rats as it elevated the 

EPO levels and increase the expression 

levels of GATA-1 and FOG-1 genes.  
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Table 1:  Serum erythropoietin level (U/l) in experimental rats  

Groups/duration 1 week 2 weeks 4 weeks 

Control 6.14±0.235
ab 

6.14±0.235
ab 

6.14±0.235
ab 

Lead acetate 

treated 

4.54±0.25
c 

4.54±0.25
c 

4.54±0.25
c 

Lead acetate + C. 

Specious extract 

4.88±0.19
cd 

5.2±0.2
d 

5.74±0.22
d 

Means ± S.E within the table and bearing different superscripts (a, b, c and d) are significant t 

at P < 0.05. 

 

Figure 1: mRNA expression levels of (1); SCF, (2); GATA-1, (3); FOG-1, (4); GAPDH 

while a; control group, b; Lead acetate treated group, c; lead acetate + C.specious treated 

group for 1 week, d;  lead acetate + C.specious treated group for 2 weeks, e; lead acetate + 

C.specious treated group for 4 weeks.  


