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Abstract 


Background: Tambaklorok area is located in the northern part of the densely populated city of Semarang with rapid industrialization. Heavy metal exposure such as lead poses a very high risk to human health. One of such risks is anemia, as characterized by decreased levels of hemogblobin (Hb). Heme synthesis is inhibited, Hb levels decrease, the erythrocytes life span shortens and hematopoiesis activity increases, marked by the number of reticulocytes exceeding normal. Lead exposure is pro-oxidant which is susceptible to old erythrocyte cells to G6PD enzyme deficiency, causing basophilic stippling. The purpose of this study was to determine the correlation between hemoglobin levels and the of reticulocytes and basophilic stippling counts.
Methods: This research is an analytic study with cross-sectional approach. The population is Tambaklorok Semarang residents who have lived in the area for at least 5 years. As many as 104 samples were taken using Lameshow formula with purposive sampling technique. Hb levels were measured using a hematology analyzer. Reticulocyte count was calculated using bryliant creacyl blue staining and basophilic stippling using Giemsa staining. Correlation between hemoglobin levels and reticulocyte as well as basophilic stippling counts was examined using Gamma statistical tests
[bookmark: _GoBack]Results. Average Hb levels less than normal were 41 (39.4%, reticulocyte counts were more than normal 17 (16.35%, and basophilic stippling counts were 15 (14.42%. Gamma statistic test results showed p value of Hb levels with the number of reticulocytes 0,000 (r = -0.66), p value of Hb with basophilic stippling was 0.196 (r = -0.13), and the reticulocytes counts with basophilic stippling was 0.451 (r = -0.07).
Conclusion: Tambaklorok anemic population reached 39.4%. There is a correlation between hemoglobin levels and reticulocyte counts. However, there is no association between hemoglobin levels and basophilic stippling and between reticulocytes counts and basophilic stippling.
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INTRODUCTION
Tambaklorok area is located in the northern part of the city of Semarang which has developed into various industrial fields having the potential to increase heavy metal contamination such as lead (Pb). (1) Dense population and high use of gasoline fuel, battery production, soldering  production, pipe manufacturing, paint manufacturing, ceramic coatings, children's toys, consumption of green mussels are description of the environment around the Tambaklorok area. Besides, many industries also dispose their wastes through river mouths and flow directly into the sea. Wastes discharged into the sea have not been treated through standard waste treatment processes. This condition can cause many fish and green shells exposed to heavy metals including lead (Pb). Several studies have proven that Tambaklorok area of both ​​aquaculture ponds and air contains lead that exceeds the threshold. In its waters the Pb levels of 0.06 ppm have been found, above the quality standard of 0.008 ppm. (2) In its air area, compared to other areas in the city of Semarang the highest Pb levels was found to be 8.41 µg / m3 above the quality threshold of 2 µg / m3 per 24 hours. (3) The results of a study conducted by Marianti A, Prasetya AT, 2013, lead levels in the hairs of North Semarang residents showed 56 residents had the highest lead levels of 17,028 ppm and an average of 8,304 ppm. The cause is thought to originate from consumed drinking water containing an average Pb level of 6 ppm. (4) The high exposure of Pb in the air or in waters has potentially increased its exposure to humans because Pb toxicity can be through inhalation, digestion, and skin
	High lead exposure in humans can cause health problems including anemia. The level of lead exposure ≥ 10 µg / dl is significantly associated with the incidence of anemia, impaired iron absorption, and haematological parameters. (5) Anemia is a decrease in the ability of blood to carry oxygen, usually due to a decrease in total red blood cell (HR) time in circulation to below normal levels as indicated by decreased levels of hemoglobin and hematocrit (Robbin). (6) Decreased hemoglobin levels occur because of the heme biosynthesis due to exposure to lead. The mechanism of lead toxicity in the heme biosynthesis process occurs through the inhibition of enzyme activity at the beginning, middle, and end of heme biosynthesis. (7) This can cause an increase in ALA levels in the blood and urine. The intermediate enzyme that is inhibited by lead exposure is coproporfirinogen oxidase which can cause an increase in coproporfirinogen levels. The last enzyme that is inhibited by lead in the process of biosynthesis of heme is ferrokhelatase. (6) (8) Obstacles that occur in ferrokhelatase will cause an increase in protoporphyrin levels in red blood cells / free erithrocyte protoporphirin (EPP), decrease heme levels, hemoglobin levels, shorten the life span erythrocyte cells, and increased reticulocytes. (9) (10) (11). The number of reticulocytes has increased due to homeostasis in the body through the process of hematopoiesis. The process of homeostasis is a compensatory response that can increase HR regeneration up to five to eightfold, which is characterized by an increase in erythrocyte cells that are young or contain residual RNA, namely reticulocytes into the peripheral blood. (6) (12) (13) Research conducted by Santosa B has proven that lead exposure to Rattus nurvegicus without the addition of Zn supplementation had a higher reticulocyte counts and heme synthesis decreased. (14)
	Lead is a pro-oxidant that causes oxidative stress on erythrocyte membranes that are susceptible to endogenous or exogenous oxidant lesions, thus shortening erythrocyte life span and triggering the hemolytic anemia. (15) (16) Older erythrocyte cells progressively experience a deficiency of the glucose-6 phosphate dehydrogenase (G-6PD) enzyme and are most susceptible to oxidant stress. G-6PD deficiency causes accumulation of hydrogen peroxide which results in denaturation of the globin chain through oxidation of the sulfhydryl group and settles in erythrocytes in the form of an inclusion body called basophilic stippling. (17) (18)  In such condition, lead can cause deficiency of the G-6PD enzyme and inhibit the pyrimidine-5'-nucleotidase enzyme which can cause the accumulation of ribo nucleid acid (RNA) and erythrocyte ribosomes, characterized by the presence of basophilic stippling in erythrocytes. (19) The presence of basophilic stippling can be used as an indicator of lead poisoning. It has been reported in previous studies that the administration of lead in experimental animals, namely Rattus nurvegicus, obtained a higher basophilic stippling counts in the control group without administration of a material that could bind lead. (20) Based on this description, it is not yet known to what extent the relationship of hemoglobin levels to the reticulocytes and basophilic stippling counts in the Tambaklorok region whose lead exposure exceeds the threshold level.

METHODS
	This type of research is analytic with cross-sectional approach in January to March 2020. The population is the residents of Tambaklorok Semarang and the number of samples is 104 taken based on the Lemeshow, S formula (21) Sampling used a purposive sampling technique with no limit to age groups in the residents who have lived at least five years. Lead level data from Tambaklorok residents as secondary data were obtained from the research by Marianti A, Prasetya AT, 2013. Hemoglobin levels were measured using a hematology analyzer, reticulocyte count was counted absolute (%) in blood smear preparations using supravital bryliant creacyl blue staining, and basophilic stippling count was calculated on the blood smear preparations using Giemsa staining. To find out the correlation of hemoglobin levels, reticulocyte counts, and basophilic stippling counts was tested using the Spearman rho correlation test.    
	The study was conducted after obtaining ethical clearance from the Medical Faculty (FK) UNISULA Semarang Ethical Commission No. 064 / III / 2020 /Komisi /Bioetik. The Head of the Clinical Pathology Laboratory of the University of Muhammadiyah Semarang, agreed to carry out the research after receiving notification of the results of ethical clearance. Examination of hemoglobin levels, reticulocyte counts, and basophilic stippling counts was carried out at the Unimus clinical pathology laboratory.

RESULTS OF THE STUDY
	Tambaklorok area is a coastal area located in the northern part of the city of Semarang. The livelihoods of the population are mostly fishermen, traders, factory workers and casual workers. Tambaklorok region encompasses 5 RWs (Community Units) namely RW 12,13,14,15, and 16 from which 104 people were taken as samples purposely representing the five RWs. Distribution of respondents consists of 35 men and 69 women with ages ranging from teenagers to seniors. They have lived in Tambaklorok for over 10 years in the area where based on previous research the waters, air, and environment contained lead exposure beyond the threshold. Hb levels, retilulocyte counts, and basophilic stippling counts as parameters to prove lead exposure were shown in the following results.
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Figure. 1. Retilulocyte and Basophilic Stippling 

Table 1. Frequency distribution of hemoglobin level, reticulocyte counts , and basophilic counts based on normal values ​​in Tambaklorok residents

	No
	Variables
	Number of  Samples 
	Results

	
	
	
	< N
	%
	N
	%
	>N
	%

	1
	Hb Levels
	104
	41
	39,4
	63
	50,6
	0
	0

	2
	Retilulocyte Counts
	104
	0
	0%
	87
	83,65
	17
	16,35

	3
	Basophilic Stippling Counts
	104
	0
	0%
	89
	85,57
	15
	14,42



	Based on table 1, Hb levels below normal were still relatively high at 39.4%, reticulocyte counts were more than normal at 16.35%. The basophilic stippling counts more than normal were 14.42% below the retilulocyte counts. Generally Hb levels, reticulocyte counts, and basophilic stipling counts are mostly within normal limits.

Table 2 Average Hb levels, reticulocyte and basophilic stippling counts in Tambaklorok residents
	No
	Variables
	N
	Avergare
	SD
	Hihest
	Lowest

	1
	Hb level
	104
	12,26 gr/dl
	± 1,53
	15,70
	7,90

	2
	Reticulocyte counts
	104
	0,77
	± 0,46
	2,30
	0,00

	3
	Basophilic stippling counts 
	104
	0,04
	± 0,10
	0,70
	0,00



	Based on table 2, the average Hb level, reticulocyte counts, and the basophilic stippling counts were within the normal limits. The lowest average of Hb level was 7.90 gr / dl, the highest average of reticulocyte counts was 2.30, and the highest average of basophilic stippling counts was 0.70.

Table 3. Correlation test of Hb levels, reticulocyte counts, basophilic stippling counts of Tambaklorok residents
	No
	Variabel
	N
	Koefisien korelasi
	P value

	1
	Hb level and reticulocyte counts 
	104
	-0,66
	0,000

	2. 
	Hb level and basophilic stippling counts
	104
	-0,13
	0,196

	3. 
	Reticulocyte counts and basophilic stippling counts 
	104
	-0,07
	0,451



Based on table 3, the Spearman'rho test was performed to see the correlation and significance of Hb levels, the reticulocyte counts, and the basophilic stippling counts. Of the three variables tested, the Hb level and the  reticulocyte counts were significantly  correlated with p value of 0.00. These three variables have a negative relationship .
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Figure 2. Description of the direction of correlation of variables Hb levels, reticulocyte counts, basophilic stipling counts

Figure 2 clarifies the direction of correlation between Hb and reticulocyte counts, Hb and basophilic stippling counts, as well as reticulocyte counts and basophilic stippling. All have a negative correlation which means the higher one variable, the lower the second variable and vice versa. In the figure of correlation between Hb level and reticulocyte counts, it is clear that the graph is in accordance with the statistical test, i.e.,  the correlation coefficient is -0.66 and the p value is 0.00.

DISCUSSION
	The average Hb level is still within its normal limit,  the lowest normal limit of 12.26 gr/dl, however there were 39.4% of the population having hb level below the normal limit, with the lowest Hb level value of 7.9 gr/dl when viewed based on its normal value. Pursuant to the theory and previous study, lead exposure can reduce Hb level to cause anemia. (5) (22) Decreased Hb levels are caused by heme biosynthesis inhibition due to Pb exposure. (23) Hemoglobin consists of heme and globin molecules. Each hemoglobin molecule has four identical heme groups attached to the four globin chains. A pair of alpha chains are arranged on a pair of non-alpha chains (beta chains on adult hemoglobin). The heme molecule is composed of porphyrins and iron. Porphyrin is an integral part of the hemoglobin molecule, with the iron between the four porphyrin rings to form heme. (6) (7) The fusion of iron with porphyrins occurs in the final stage of heme synthesis through the help of the ferrochelatase enzyme. This enzyme is the final stage enzyme in the heme biosynthesis process which can be inhibited by the presence of lead. The inhibition of the ferrokhelatase enzyme causes the failure of heme biosynthesis, so as to disrupt the formation of hemoglobin. (24) As a result of disruption in the hemoglobin formation, a decrease in hemoglobin may occur, indicating a presence of anemia, in addition to other nutritional intake that affects anemia.
	Studies relating to the biosynthesis process of heme have been widely carried out. Heme synthesis occurs in living cells that begin with mitochondria and end in mitochondria. (25) (26) The two starting ingredients for heme synthesis are succinyl-CoA, which originate from the citric acid cycle in mitochondria and the amino acid glycine. To activate glycine pyridoxal phosphate is needed. The combination of succinyl-CoA with glycine produces α-amino-β-ketoadipat which rapidly undergoes decarboxylation to form α-aminolevulenate (ALA), catalyzed by ALA synthase and the reaction sequence occurs in the mitochondria. Furthermore, in the cytosol, the union of two ALA molecules is catalyzed by the enzyme ALA dehydrate to form two molecules of water and porphobilinogen (PBG). ALA dehydrate has many sulfidryl groups that are sensitive to lead inhibition. In addition to obstacles in δ ALAD Lead also inhibits the coproporphyrogenogen oxidase and ferokhelatase enzymes, so that lead poisoning impacts the heme biosynthesis process. (27)
	Based on normal values the reticulocyte counts ​​in 17 samples (16.35%) samples increased. According to the Kalahasthi R and Barman T study (2016), the absolute reticulocyte counts increased in 391 male battery company employees in India. (28) The increase in reticulocyte counts could be due to the decreased number of erythrocytes in the circulation. (29) The decrease in the number of erythrocytes could be caused by the shortening life span of erythrocytes due to lead exposure which can cause membrane damage. Bone marrow as a place for erythropoesis will compensate for the decrease in the number of erythrocytes in the circulation through increased erythropoiesis activity. Increased erythropoiesis activity causes immature erythrocytes such as reticulocytes to increase in circulation. The production of effective red blood cells is determined by a reticulocyte count, which assesses the functional amount made by the bone marrow. (7) Reticulocyte cells are erythrocyte cells that are still young and contain RNA residual. The reticulocyte counts can be calculated by brilliant creases blue staining that can stain the RNA residual in the cytoplasm. (30). 
	In this study there was a significant correlation between hemoglobin levels and reticulocyte counts, with p value of 0.00. This can be explained that the internal metabolism of erythrocytes is developed to maintain hemoglobin capable of transporting oxygen. The inhibition of heme biosynthesis due to lead exposure has caused a decrease in hemoglobin levels so that it can cause impaired erythrocyte metabolic activity in maintaining the elasticity and survival of peripheral erythrocyte cells. This condition is related to impaired development and distribution of erythrocyte cells thereby causing accelerated erythrocyte destruction. Bone marrow has the main function for erythropoiesis to produce erythrocyte cells which can carry the hemoglobin pigment to the tissues to deliver oxygen. Increased erythropoiesis in the bone marrow to meet the needs of hemoglobin due to increased destruction of erythrocyte cells, causing many erythrocyte cells such as reticulocytes to circulate peripherally. The continuous destruction of erythrocytes causes erythropoietin levels to increase and reticulocytosis begins to appear even it gives a picture of reticulocyte shift in peripheral blood. (31) (32) Percentage in peripheral blood is a useful indication to describe erythropoiesis in the bone marrow. Lead can interfere with heme synthesis, thereby changing the concentration of enzymes and intermediates in the synthesis of heme or its derivatives. Lead poisoning can cause an increase in the proportion of immature red blood cells in the blood, i.e., reticulocytes.
	In this study a lot of basophilic stippling cells in erythrocytes were found, this could be explained that the lead entering the blood circulation about 90% went to erythrocytes. Erythrocyte membranes were susceptible to injury by endogenous and exogenous oxidants. Erythrocyte membranes occur in compounds or chemical reactions that can produce potentially toxic oxygen species called pro-oxidants. If the amount of pro-oxidants increases, it can cause oxidative stress. (33) Free radicals can cause oxidation to reduce glutathione (GSH) to oxidized glutathione (GSSG) through the formation of hydrogen peroxide. (34) Normally reduced intracellular glutathione (GSH) decreases oxidants. However, due to the continuous lead exposure, there will be an enzyme negligence that plays a role in glutathione metabolism and reduces the ability of erythrocytes to protect themselves from oxidative injury and cause hemolytic anemia. (35) In this condition it is mostly caused by deficiency of the glucose-6- enzyme phosphate dehydrogenase (G6PD) and inhibits the enzyme pyrimidine-5'-nucleotidase which can cause accumulation of RNA (ribo nucleid acid) and erythrocyte ribosomes characterized by the presence of basophilic stippling in erythrocytes. Oxidative stress due to lead can cause membrane damage and shorten erythrocyte life span, and G-6PD deficiency can inhibit erythrocyte maturation in the bone marrow. Regeneration of GSH in cells with G6PD deficiency will cause accumulation of hydrogen peroxide which causes denaturation of the globin chain through oxidation of sulfidryl groups. Glucose-6-phosphate dehydrogenase (G6PD) is the initial enzyme involved in the pentose phosphate pathway in erythrocyte metabolism. This enzyme catalyzes the secretion of hydrogen from glucose-6-phosphate to produce 6 phosphogluconate (6-PG) and is required for erythrocytes in inhibiting oxidative stress. This enzyme deficiency causes erythrocytes to be unable to neutralize oxidative stress which causes instability of hemoglobin and hemolysis molecules. NADPH has a very important role in reducing the glutathione system of red blood cells, the main recervatory for erythrocytes against oxidative stress and irreversible denaturation. Oxidative stress is very susceptible to erythrocytes that are old, so that the remaining cells in the peripheral blood are young cells with adequate enzyme levels to withstand stress. (36) The response of erythropoiesis in the bone marrow will trigger the entry of young cells that contain many active enzymes and reticulocytosis occurs. Thus, hemolysis due to oxidative stress because of the toxic substances such as lead is the most common clinical manifestation of G6PD anzyme deficiency.
	The Hb level and the basophilic stippling counts has no significant correlation. This can be explained that the lead toxicity in human causes several negative effects, but the effect of lead exposure toxicity is highly dependent on the organ affected. In addition, the lead toxicity was also influenced by several factors, namely the level of lead toxicity that enters the body, duration of exposure, age, sex, eating habits of certain foods, physical conditions, and the ability of body tissues to accumulate metals. (23) Pb toxicity is cumulative and depending on the organ affected. If the affected is the haemopoietic system, the Pb inhibits the formation of hemoglobin systems, causing anemia. The presence of basophilic stipling in the blood does not pass through the biosynthetic pathway but rather damage to the membrane in the erythrocyte wall because Pb is pro-oxidant which causes oxidative stress and irreversible denaturation in the erythrocyte wall.

CONCLUSSION
Tambaklorok anemic population reached 39.4%. There is a correlation between hemoglobin levels and reticulocyte counts. However, there is no association between hemoglobin levels and basophilic stippling and between reticulocytes counts and basophilic stippling. 
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