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PART-III TECHNICAL INFORMATION

1. SCIENTIFIC BACKGROUND OF THE PROJECT:

Significance of overall problem

Epidemiology of arsenic poisoning: An environmental health disaster is unfolding in Bangladesh and neighboring countries due to a high concentration of arsenic in drinking water and in soil. Tens of millions of people in many districts are drinking ground water with arsenic concentrations far above acceptable levels. The ground water contains more than 50 (g/l of arsenic in up to 1,000,000 water wells (1). Measured concentrations range up to 1000 (g/l (1-7).  The limits set for Bangladesh drinking water is 50 (g/l and the WHO recommended limit is 10 (g/l.  Thousands of people have already been diagnosed with poisoning symptoms, even though much of the at-risk population has not yet been assessed for arsenic-related health problems.

Although arsenic poisoning is a recently recognized environmental problem in Bangladesh and neighboring countries, it has been prevalent in many parts of the world for quite sometime (8-11).

Health effects of arsenic poisoning:  The health effects of chronic human exposure to non-overtly toxic doses of arsenic in drinking water and food can be broadly divided into cancer effects and noncancer effects.  Chronic exposure to arsenic causes its toxic effects to all organs and cells of the body.  It interferes with the action of enzymes, essential cations and transcriptional events ensuing a multitude of multisystemic noncancer effects. Chronic arsenic exposure may cause hyperpigmentation and keratoses leading to skin cancer, gastrointestinal disturbances ranging from mild abdominal cramping and diarrhea to severe life-threatening gastrointestinal hemorrhage secondary to esophageal varices, hepatocellular necrosis, insidious development of peripheral vascular disease leading to gangrene of the extremities, hypertension and ischemic heart disease, hematological abnormalities, obstructive and restrictive pulmonary diseases, generalized immunosuppression, peripheral neuropathy, and metabolic disorders including diabetes (12).  In recent times, an increase in the prevalence of some diseases in Bangladesh such as diabetes may be explained by the chronic exposure to arsenic.

A. Related work already performed or progress at the contracting institute/organization

Our Observation

Findings on arsenic intoxication and antioxidants: In a study, we treated rabbits with 3 to 5 mg arsenic trioxide (As2O3) per kg BW through a feeding tube once daily for 7 days.  Arsenic feeding was stopped and followed by administration of apple polyphenols (15 mg/kg) or a recipe of vitamins plus trace elements (VMS) for 7 days.  We collected blood samples for measurements of whole blood GSH, nitrite/nitrate and TBARS in serum before administering the first dose of arsenic (pre-arsenic normal values), 7 days after arsenic treatment (arsenic-induced values), and after 7 days of treatment (polyphenols or VMS-induced values).  We found that As2O3 treatment decreased the concentration of whole blood GSH levels, and increased TBARS and nitrite/nitrate levels as compared to the normal (basal) levels (Fig 1).  These changes indicate oxidative injury caused by arsenic intoxication.  Treatment with polyphenols or with VMS reversed these changes to normal levels.  Although, all these changes could be reversed to some extent by stopping the arsenic administration, but the treatment with antioxidant solutions would reverse the changes more effectively (Fig. 2).
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B. Related work already performed or on progress at other institute in the country

Since arsenic problem is a great threat to the nation, research program on this problem has been taken up by the institutes such as the Community Hospital, DPHE, AECD, DOE, BUET Dhaka, Jahangirnagar University and at BCSI mainly to determine the arsenic content of ground water.Most of these organizations are focusing on research involving water testing and purification by filters, tube well identification and replacement, geological, and geochemical studies.

We will use animal model of chronic arsenic intoxication to clarify mechanism of arsenic toxicity.  From our preliminary study we know that oxidative stress is a major cause of arsenic-related health effects.  Therefore, our approach is to prevent arsenic-induced oxidative stress in the body by identifying cost-effective and suitable (ideal) anti-oxidative agents which is abundant in the nature.  As far as we know, no research group adopts this approach in the country.

C.  References to important related literature relevant to the project (including own publications)

There are a number of possible modes of action of arsenic carcinogenesis, where oxidative stress and DNA damage playing the central role (12, 13).  Arsenic poisoning has inhibitory effects on mitochondrial respiratory function by inhibiting the pyruvate dehydrogenase complex (Figure 3).  Inhibition of mitochondrial respiration results in decreased cellular production of ATP and increased production of hydrogen peroxide.  These effects cause formation of reactive oxygen species, resulting in oxidative stress and DNA damage.

By using human-hamster hybrid cells, Liu et al. have shown arsenite induces a dose-dependent increase in intracellular oxyradical production (14). Concurrent treatment of cells with arsenite and the radical scavenger dimethyl sulphoxide (DMSO) reduced the oxyradical concentration to control levels.  This provides that reactive oxygen species, particularly hydroxyl radicals, play an important causal role in the genotoxicity of arsenical compounds in mammalian cells. Barchowsky A et al. measured the reactive species generated in cultured porcine vascular endothelial cells exposed to levels of arsenite that initiate cell signaling (15). They found that superoxide and H2O2 are the predominant reactive species produced by endothelial cells after arsenite exposures that stimulate cell signaling and activate transcription factors. Flora SJ provides in vivo evidence of arsenic-induced oxidative stress in liver, brain and RBC (16). He reports that twelve weeks of arsenic (12 mg/kg) exposure was found to deplete glutathione (GSH) levels, increase oxidized glutathione (GSSG) and promote malondialdehyde (MDA) production in liver, brain and RBC samples suggesting arsenic–induced oxidative stress. In order to assess possible risk to brain function by drinking arsenic contaminated water, in a study, rats were given arsenic mixed in drinking water for 40 days. There was increased lipid peroxidation at all doses of arsenic, including the 'permissible limit', decrease in glutathione level, superoxide dismutase and glutathione reductase activities, indicating the free-radical-mediated degeneration of brain (17).  It is known that arsenic induces chromosomal aberrations and sister chromatid exchanges (SCEs). In a search for the genotoxic mechanism, Nordenson and Beckman L have studied the effects of the oxygen-radical-scavenging enzymes superoxide dismutase (SOD) and catalase (CAT) on arsenic-induced SCEs in cultured human lymphocytes (18). Their results indicate that SOD and possibly also CAT have a protective effect against arsenic-induced DNA damage.  Together, it appears that oxidative stress is the main cause of pathological and clinical features of chronic arsenic poisoning.
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2. SCIENTIFIC SCOPE OF THE PROJECT

A. Research Objectives

Objectives: In this study, we want to examine if tea (the plant polyphenols) reduce the oxidative injuries to tissues caused by chronic exposure to non-overtly toxic doses of arsenic through drinking water.

In addition to further confirm our preliminary findings of arsenic detoxifying properties of polyphenols, this study will examine if the treatment is effective even when arsenic contaminated water is allowed to drink during the treatment phase.

Hypothesis: We hypothesize that tea will reduce the arsenic-induced toxic injuries to cells, help eliminate the poison from the body and enhance the ability of the body’s defense mechanism against the oxidative stress in rabbits caused by chronic exposure to non-overtly toxic doses of arsenic through drinking water.

B. Relationship of these objectives to the present state of knowledge in the field

Scientific Basis of the Hypothesis: Ingestion of arsenic V (AsV) and arsenic III (AsIII) are readily absorbed from gastrointestinal tract and causes oxidative stress by several mechanisms as described in Figure 3.

Plant polyphenols have strong antioxidative properties in addition to other systemic effects.  Therefore, it is possible that a suitable mixture of plant polyphenols will neutralize the free radicals produced in the cells due to chronic arsenic toxicity.  In a preliminary study, we found that intoxication of rabbits with sub-lethal doses of arsenic administration for one week via a feeding tube increases thiobarbituric acid reacting substances (TBARS) indicating lipid peroxidation by free radicals, and treatment with the plant polyphenols reverses the TBARS levels in serum.  In addition, we found that this treatment also reverses the arsenic-induced depletion of GSH levels in whole blood of rabbit.

It has long been known that arsenate (AsV) is reduced to arsenite (AsIII) and subsequently methylated to form MMA and DMA in humans and experimental animals (Figure 4). The methylated metabolites of arsenic are also the predominant forms excreted in the urine of most species.  It has also been widely accepted that arsenite is the active or carcinogenic form of arsenic and that methylation is simply or solely a mechanism of detoxification and excretion.  The basis for this assumption is that the methylated forms of arsenic are far less acutely toxic than either arsenite (AsIII) or arsenate (AsV).  In these biotransformation reactions, glutathione (GSH) acts as a reducing agent of arsenate to form arsenite and S-adenosylmethionine acts as a methyl group donor, ultimately producing MMA and DMA.  Therefore, plant polyphenols may play a role in the biotransformation mechanisms by increasing the GSH levels.  In the previous study, we found that arsenic treatment causes a decrease in the blood levels of GSH and the treatment with plant polyphenols increases the GSH levels to the basal (normal) value.




C. Research plan including proposed methods or technique is going to be used

1.  Plan of action:

Rabbits will be exposed to arsenic contaminated drinking water and will be evaluated for oxidative stress. Then, a randomized control trial of tea will be done in rabbits.  Details of the procedures are given below.

2. Methodology:

Study Sites: 1. Centre for Health and Population Research: ICDDR,B


          2. Department of Pharmacy, University of Dhaka

All the facilities to perform this study are available in these two study sites.

Steps:

1. Recruit a total of 42 rabbits, 1.6 kg to 2.1 kg BW

2. Administration of arsenic trioxide, 2.0 mg/kg/day, once daily for 14 days through orogastric tube

3. Randomly assign (weight matching) to control, tea concentration 1 and tea concentration 2 groups; 14 rabbits in each group

4. Administration of tea, once daily for the next 14 days

5. Sacrifice the rabbits with overdose of sodium pentobarbital

(Total duration 28 days) 

Preparation and administration of tea:

Take 10.0 g of tea (dried tea powder, Ispahani, 8 bags). Boil for 10 ninutes in 80 mL to 100 mL water and filter. The tea-water is cooled to room temperature and one-fourth (tea concentration 1) of it is allocated for each rabbit irrespective of the weight. Tea is given to rabbits through orogastric tube. Similarly, 20.0 g of tea is boiled and given to rabbits of tea concentration 2 groups. The control group is given plain water after boiling.

(Three groups: control, Tea 1 and Tea 2)

Sample collections:

Blood:

For GSH, TBARS, NOx and arsenic concentrations (total and speciations)

1) Baseline (pre-arsenic)

2) Post-arsenic – on day 14

3) Post-treatment with tea

i) On day 3 post-treatment

ii) On day 7 post-treatment

iii) On day 14 post-treatment

Urine:

For total arsenic concentration and speciatons


Follow the schedule of blood sample collections.

Hair and nail:

For total arsenic concentration and speciatons


Follow the schedule of blood sample collections

Liver, kidney, and heart:

For total arsenic concentration and speciations


Collect post-mortem samples only

Data Analysis: The null hypothesis is that the tea does not have any effects on antioxidative defense against arsenic toxicity, glutathione (GSH) concentrations, nitrite/nitrate and serum TBARS concentrations.  Data will be analyzed by using Student’s t-test for determining the difference between two means and by using ANOVA for repeated measures of parameters.  Other analyses will be performed as appropriate.

3.  Time schedule of activities with milestones

	Serial No.
	Name of milestones
	Starting date
	Completion date (Approx.)

	1
	Batch 1
	As soon as fund is available
	21 wks from date of starting

	2
	Batch 2
	End of Batch 1
	21 wks from date of starting


D. How the project is related to the stated objective of the Special Allocation for Science and Information & Communication Technology Program of GOB?

The Peoples’ Republic of Bangladesh and different NGO’s have recognized the hazard of arsenic as a risk to human health.  Millions of arsenic-affected people need to be saved by effective and safe treatment.  Therefore, to supplement government’s action plans, all other organizations should come forward and share the responsibilities of overcoming the arsenic problem in the country.

The treatment goal of the poisoning due to chronic exposure to arsenic is to eliminate the poison (arsenic) from the environment, to neutralize the poison in the body or eliminate it from the body, to reduce the toxic effects and repair the damage to organs and cells.  Rapid elimination of the poison from the environment is certainly a difficult task if we consider the huge strategic planning and money we need for this.  Therefore, we need cost-effective preventive and/or curative methods for the poisoning.  So, we hypothesize from our preliminary observation and published reports that the plant polyphenols may be an effective agent to neutralize the poisonous effects of arsenic and to eliminate the poison from the body.  Tea also has different polyphenols and it has antioxidative properties. This study will elaborate our knowledge of what extent arsenic toxicity cause oxidative damage and will examine the efficacy of the tea in reducing the damage.  In addition, this study will show if the treatment is effective even when the arsenic contaminated water is allowed to drink during the treatment phase.  Indeed, we can hardly avoid health hazards related to arsenic in an environment where we are constantly exposed to some degree of arsenic contamination not only in drinking water, but also in foods grown in heavily arsenic contaminated soil.  Therefore, tea would be a very cost-effective remedy to counter this menacing health hazards.

The results of this study would be of great help to the scientists, doctors and the Government for proper treatment and adopting appropriate mitigation measures.  The results are of public interest.  Therefore, the project fulfill the criteria set by Science and technology Ministry and it would receive special attention regarding funding.

E. How the programme is related to academic degree programme? (If applicable) (only for universities/institute awarded academic degree)

This project will provide sufficient academic materials for pursuing higher academic degrees by university students at different levels of their credientials, i.e., M.Phil, Ph.D. etc.

F. What outputs from the project can be considered for the assessment of its success?

The following expected outputs of the project justify its merits:

a) Clarification of the mechanisms of arsenic-related health effects

b) Identification of an ideal and cost-effective antioxidant agent for detoxification arsenic ingested through contaminated drinking water

c) Enhancement of national arsenic programme by incorporating the treatment component to it

d) Coordination of research facilities among different academic and research institutes of Bangladesh

e) Extension of academic opportunities for the university students for higher education.

3. LIST OF FACILITIES AVAILABLE (Equipment and other facilities including laboratory space)

(i) Animal Resource Centre for animal studies

(ii) Spectrophotometer and other analyzers

(iii)  Well equipped pharmacology laboratory

(iv)  Well equipped physiology laboratory

(v) Investigators and offices

PART-IV BUDGET INFORMATION
1. BUDGET
A. Current year

Items









Cost (Thousand Tk)

	 
	 
	 
	 
	 

	   Sl. No.
	Account Description
	Time
	Salary Support

	1
	
	Prof. A. K. Azad Chowdhury
	20%
	nil

	2
	
	Ms. Mastura Akhtar
	50%
	nil

	
	
	Research Assistants (two)
	
	         nil

	 
	
	
	
	

	 
	 
	Supplies and materials
	 
	Cost (Thousand Tk)

	1
	 
	Rabbits, n=50, US$ 26.40 (Tk 1478.4)/rabbit
	 
	   74

	2
	
	Maintenance cost of animals during toxicity
	 
	   45

	 
	 
	Exp., US$ 4.0 (Tk 224)/animal/wk (Tk 224x4 wksx50 rabbits)
	 
	

	3
	
	Total antioxidant assay Kit (50 samples)
	 
	    87

	 
	 
	5 kits, US$ 292 per kit
	 
	

	4
	
	GSH assay Kit (100 samples)
	 
	   117

	 
	 
	5 kits, US$ 390 per kit
	 
	

	5
	
	TBARS assay Kit (50 samples)
	 
	    92

	 
	 
	4 kits, US$ 415 per kit
	 
	

	6
	
	SOD assay Kit (100 samples)
	 
	    46

	 
	 
	2 kits, US$ 415 per kit
	 
	

	7
	
	Catalase assay kit (100samples)
	 
	    46

	 
	 
	2 kits, US$ 415 per kit
	 
	

	      8
	
	As2O3 (100 g)
	
	      5

	9
	 
	Tea
	 
	      1

	
	
	TotTotal
	
	   513

	
	
	
	
	


2. Status of legal personality and accounting system?

All named investigators are Bangladeshi citizens.  The accounting system will be maintained as per standard Govt. rule.

PART-V: PREVIOUS FUNDING INFORMATION UNDER SPECIAL ALLOCATION FROM 

M/O SCIENCE AND INFORMATION & COMMUNICATION TECHNOLOGY (MOSICT)

1. Did you get any funding under special allocation from MOSICT since 1997-98?






Yes

No





(If answer is no please escape the following section)

2. Funding year: 2001-2002

3. Amount of fund (in Taka): 100,000.00 (One hundred thousand Taka)

4. What was the title of the project? Biomedical, environmental, and behavioural consequences of arsenic poisoning in Bangladesh

5. Project is completed or not? Not completed, because the fund is returned on October 27, 2002 after receiving a letter from the Ministry. About sixty thousand taka is returned and the rest is used in the experiments.

6. If not what is the expected date of completion? Expected to complete after refunding of the project.

7. Already submitted working report or scientific report or not? Not

8. Expected date of submission of Scientific Report?

9. Any paper published in any international/local journal from this report?

10. Quote the name of journal, date of publication and title of the paper.

PART-V DECLERATION /CERTIFICATION

It is certified that-

a) The same project has not been submitted to any other agency/agencies for financial support.

b) The research work proposed in this not a duplicate work already done or being done in the field (i.e. area of research).

c) We agree to accept the terms and conditions developed for the special allocation for Science & Technology.

d) Associates scientific investigators assure the responsibility of the project in case the chief scientific investigator leaves the Institute/Organization.

Signature and Name of the                       

Signatutre and Name of the Head of the 

Principal Investigator                                                       Organization/Institute/University
(with seal)







(with seal)

…………………………………………….……………………………………………..

Prof. A.K. Azad Choudhury




Signature and Name of the Associate Scientific  Investigators

Figure 3. Mechanisms of arsenic toxicity.  As(V) competes with inorganic phosphate for ADP.  Therefore, ADP-As(V) is formed, inhibiting formation of ATP from ADP.  Ultimately, this causes oxidative stress.  As(V) is biotransformed to As(III).  As(III) inhibits cellular enzymes, especially binding to the sulphydryl groups ultimately causing oxidative stress.  It also inhibits cellular glucose uptake, gluconeogenesis and fatty acid oxidation.
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Figure 4. Biotransformation of inorganic arsenic to less toxic metabolites. GSH, reduced glutathione; GS-SG, oxidized glutathione; MeAs(V), methylated arsenic V; As(V), arsenic V species; As(III), arsenic III species.
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Fig. 1. Changes in whole blood GSH, serum TBARS and serum nitrite/nitrate levels in arsenic intoxicated rabbits.  Rabbits were treated with arsenic trioxide at a dose of 3-5 mg/kg/day, single dose, for 7 days. Arsenic, arsenic-intoxicated state; TBARS, thiobarbituric acid reacting substances. **p<0.0001, *p<0.05 vs. normal.





Fig. 2. Changes in GSH, TBARS and NOx (nitrite/nitrate) after antioxidant treatments.  Rabbits were treated with arsenic trioxide at a dose of 3-5 mg/kg/day, single dose,  for 7 days.  Then, the rabbits were treated with polyphenos (15 mg/kg/day) or with the recipe of vitamins and trace elements (VMS; per kg BW, beta carotene 0.2 mg, calcium ascorbate 25.0 mg, d-alpha tocopherol 9 mg, folic acid 13.3 g, selenium 3.3 g, zinc citrate 0.5 mg).  The changes are expressed as % increase or % decrease from the arsenic intoxicated state as shown in Fig.3.  n=10 or more for all measurements.  All the treatment effects were significantly different from placebo effects.
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