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ABSTRACT

Objective: This study aims to investigate the potential of Scenedesmus dimorphus as a cure for aplastic anemia in mice (Mus musculus).

Methods: Fifty male mice divided into five groups, mice suffering anemia due to induction of chloramphenicol. Oral administrated of S. dimorphus 
for 28 days with a dose of 2.5 g/50 ml, 5.0 g/50 ml, and 7.5 g/50 ml, respectively, to cure aplastic anemia in mice and samcobion as standard drug.

Results: Induction of chloramphenicol caused the mice to suffering aplastic anemia and weight loss in mice. Biomass of S. dimorphus has an effect 
of against hematological parameters and total blood count estimation. The result shows significant (p<0.05 ANOVA) on weight gain, an increase of 
erythrocyte counts, and hemoglobin level, whereas an increase of hematocrit and reticulocyte values have non-significant, and a dose of S. dimorphus 
5.0 g/50 ml were the treatment most effective for anemia in mice.

Conclusion: Based on the results of this study, S. dimorphus biomass has the healing benefit of aplastic anemia due to the administration of 
chloramphenicol.
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INTRODUCTION

Microalga Scenedesmus dimorphus has a high nutritional content, so 
it is widely used as a supplement to improve health. The nutritional 
component of S. dimorphus consists of a protein with a fairly complete 
amino acid composition with 9 essential amino acids and 8 non-essential 
amino acids [1]. Lipid content polyunsaturated chain fatty acids (LC_
PUFA), especially eicosapentaenoic acid (EPA) and docosahexaenoic 
acid (DHA), useful for the prevention of cardiovascular disease, in 
humans DHA is important for brain and eye development in infants [2,3] 
and to support cardiovascular health and DHA is also important for 
plasma, male and female red blood cells (RBC) [3]. Vitamin B12, 
Vitamin C, folic acid, and iron are quite high in microalgae [4]. Extracts 
of bioactive compounds in methanol from S. dimorphus have activity as 
an antioxidant and antibacterial of acne [5].

Anemia is a pathological state in the body characterized by a decrease 
in hemoglobin (HGB) levels, decreased RBC count, and a decrease in 
hematocrit (HMT) values that also have an impact on the decreased 
oxygen transport capacity, cause hypoxia of tissue. Anemia is defined 
as a reduction in total RBC mass below normal limits [6,7]. The 
measurement of RBC mass from anemic patients is usually diagnosed 
based on a reduction in HMT (the ratio of RBC packed to total blood 
volume) and blood HGB concentrations to levels below the normal range 
[8]. The anemia classification is based on the mechanisms and clinical 
approaches used to classify anemia, according to RBC morphology 
changes. Morphological characters that provide clues to the etiology 
include the size of RBC (normocytic, microcytic, or macrocytic); a degree 
of hemoglobinization, reflected in the color of RBC (normochromic or 
hypochromic); and shape. To characterize, the type of anemia should be 
doing the physical examination and laboratory tests, such as evaluation 
of HMT index, HGB, and red blood [9]. RBC index should include cell 
count, mean corpuscular volume (MCV), mean corpuscular hemoglobin 
(MCH), MCH concentration (MCHC), and red blood cell distribution 
width (RDW) [9,10].

Aplastic anemia, a condition in which the erythrocytes and other blood 
elements are no longer formed, may be primarily due to hereditary but 
rare. The secondary type is caused by a direct destruction of the bone 
marrow as a side effect of the drug. Drug-associated aplastic anemia 
results from hypersensitivity or excessive dose of the drug. Some 
medications have associations with aplastic anemia, both of which 
have little effect to severe effect on aplastic anemia disease. A clear link 
between the use of certain drugs and bone marrow failure problems is 
still encountered in rare cases. Some of the drugs attributed to aplastic 
anemia include dose-dependent drugs (cytostatic, gold preparations) 
and independent dose drugs (chloramphenicol, phenylbutazone, 
anticonvulsants, and sulfonamides) [11]. Some of the factors that cause, 
anemia is iron deficiency, bleeding, genetic, bone marrow disorders, 
Vitamin B12 deficiency, Vitamin C and folic acid, malnutrition, 
malabsorption, and chronic disease [12]. Anemia currently occurs in 
patients with hypertension, heart disease, hyperlipidemia, diabetes 
mellitus, and thyroid patients, which is a further complication of the 
disease [13]. Anemia is common in acute malaria the effect of combining 
spirulina powder and bitter extracts reduces parasitemia because the 
antiparasitic activity of sambiloto and spirulina is beneficial to increase 
the number of erythrocytes and Hb in mice infected by Plasmodium 
berghei [14]. Based on the causal factors of anemia, this study was 
conducted to utilize S. dimorphus microalgae for anti-anemia drugs 
because these microalgae have nutrient content of iron, folic acid, 
Vitamin B12, Vitamin C, and DHA which can be used to cure anemia 
disease. A study demonstrating DHA is important for plasma and male 
RBC [4], a potential microalgae source of PUFA (LC-PUFA), especially 
EPA and DHA [15]. S. dimorphus local isolates that have been identified 
biomolecule [16], and cultivated in mediums with urea nitrogen 
sources, obtained biomass, a high protein content of 6.75%, consisting 
of 9 essential amino acids and 8 non-essential amino acids, 16.52% LC 
and 2.48% beta-carotene [1,17]. The production of lipids in microalgae 
is influenced by nitrogen sources in its growth medium, at S. dimorphus 
the use of urea nitrogen sources is much better for lipid production, and 
S. dimorphus can produce palmitic fatty acid and oleic acid [17].
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METHODS

Cultivation of S. dimorphus
S. dimorphus microalgae are obtained from a collection of microalgae 
in the Biochemistry Laboratory, University of Andalas. The Bold’s Basal 
Medium is used for the cultivation of S. dimorphus by modifying the 
nitrogen source with urea.

Animal
Adult male mice as experimental animals weighing between 20 and 
30 g, which has been acclimatized for 2 weeks, and 50 mice divided into 
five groups, each group consists of 10 mice.

Experimental design
The experimental design used in this research is randomized block 
design. Each treatment group in mice was given a chloramphenicol 
suspension (dose 1.3 mg/20 g body weight), to make anemia mice, 
after 14 days administration of chloramphenicol, was discontinued. The 
treatment group consisted of Group 1 (G1), fed pellets, drinking water 
and administration of chloramphenicol for 14 days (negative control). 
Group 2 (G2), fed pellet, drinking water, administration chloramphenicol 
for 14 days and given the anti-anemia drug (samcobion dose1.3 mg/20 
g body weight) as positive control. Group 3 (G3), fed pellets and drinking 
water, administration chloramphenicol for 14 days and followed by 
S. dimorphus microalgae with the dose of 2.5 g/50 ml. Group 4 (G4) 
and Group 5 (G5) were treated the same as with G3, followed by S. 
dimorphus with the dose of 5 g/50 ml and 7.5 g/50 ml, respectively. 

Microalga S. dimorphus is administered orally, performed once daily 
and observations performed on days to 0, 14, 21, and 28, against HMT 
values, HGB, erythrocyte, and reticulocyte (RET).

Blood sample collection
Blood samples were taken from the tail of mice by tail snipping method 
and blood samples inserted into a blood tube for the biochemical 
analysis.

Measurement of mice body weight
The weight of the mice was performed after chloramphenicol 
administration from day 0 to day 28 after 2 weeks of acclimation in each 
treatment group (G1, G2, G3, G4, and G5).

Hematology analysis
Identification of hematological parameters, consisting of HGB, RBC 
(erythrocytes), HMT, and RET. Measurements were made using a 
hematology analyzer. Blood sampling was done by injuring the mice tail 
vein, then blood coming out of the mice tail was collected in the EDTA 
tube and analyzed.

Statistical analysis
The result is expressed as mean ± standard deviation with the sample 
(n=10) at p<0.05. Statistical analysis of data is done using Microsoft 
Excel software (Microsoft 1 Excel 2010). Statistical significance was 
analyzed using two factors with ANOVA replication.

RESULTS

The influence of S. dimorphus on mice body weight and erythrocytes
Measurement of body weight in mice was done at every group after 
induction of chloramphenicol for 2 weeks starting from day 0 after 
acclimatization until the 28th day. Giving chloramphenicol in mice 
is 1% of body weight. The induced effects of chloramphenicol and S. 
dimorphus administration on mean body weight of mice increased as 
shown in (Table 1). Mice weight in groups of 1, 2, 3, 4, and 5 increased 
on 0 day and 7th day, on the 14th day lost weight and next increase on the 
21st day and 28th day.

The effect of chloramphenicol on mice causes a decrease in the number 
of erythrocytes, from day 0 to day 14, in all treatment groups, the mice 
are suspected of aplastic anemia, a condition in which erythrocytes and 

other blood elements are not formed, caused by direct destruction bone 
marrow as a side effect of the drug. The administration of  S. dimorphus 
at treatment G3, G4, and G5, based on observation day 21 and 28, an 
increase in the number of erythrocytes in each treatment group, on the 
21st day obtained the number of erythrocytes was 4.92 ± 0.35, 5,28 ± 0, 
38, and 5,05 ± 0,41 (million / μl), respectively and at day 28, obtained 
5,55 ± 0,54, 5,93 ± 0,11, and 5 , 33 ± 0.35 (million / μl), respectively, and 
the greatest increase in erythrocytes in the treatment of G4 (Table 1). 

Based on statistical test results using ANOVA to observe the effect of 
chloramphenicol and S. dimorphus on each treatment group (G1 - G5) 
to body weight up to day 28 there was a significant difference between 
the treatments at p <0.05 and the number of erythrocytes in the mice 
between the groups treatment on observation days 0 to 28 there was 
a significant difference (p <0.05) as shown in Table 1.The Duncan test 
was then performed to see the difference between treatment groups 
in body weight and the number of erythrocytes from mice. Significant 
differences were seen in G4 treatments with S. dimorphus in a dose of 
5.0 g/50 ml.

The influence of S. dimorphus on HGB
Results of observations from days 0 to 28 in each treatment group were 
obtained, HGB values decreased from day 7th to 14th day in all groups, 
to below normal limits and backup to normal on day 21 and 28. The 
HGB value increased after the 14th day in G4, the highest among all 
treatments, due to S. dimorphus administration, at a dose of 5.0 g/50 ml 
is an effective dose to cure anemia. The administration of an anti-anemia 
(samcobion) drug in mice (G2 treatment) increased HGB values above 
the normal limits on the 21st and 28th day, respectively, 13.45±0.65 g/dl 
and 13.86±0.95 g/dl, but the value was lower than that of S. dimorphus 
at all treatment doses. The effective dose of S. dimorphus administration 
was 5.0 g/ml on days 21 and 28 in HGB values of 14.80±0.67 g/dl and 
15.35±0.91 g/dl, respectively. Based on these observations, it can be 
concluded that administration of S. dimorphus is more effective for 
curing anemia than with anti-anemia treatment (Table 2).

The results of a statistical test using ANOVA to see the effect of 
S. dimorphus microalgae in each treatment group on HGB, it can be 
interpreted that the HGB of mice between groups of treatment giving 
S. dimorphus, significantly different (p<0.05), as shown in Table 2. 
Further with Duncan test, to see the differences between treatment 
groups for HGB of mice. Significant differences were seen in G4 
treatments, with S. dimorphus microalgae given in dose 5.0 g/50 ml.

The effect of S. dimorphus against of HMT value
The chloramphenicol induction of 1.3 mg/g body weight resulted in a 
gradual decrease in HMT values start of day 7, and the most significant 
decrease occurred on day 14, and after administration of suspension 
S. dimorphus and samcobion drug, a caused increased HMT values in 
all groups of mice. The highest HMT values were seen in G4 (Table 3).

In this study, on 0 days, all animals under normal circumstances are 
characterized by HGB levels, and HMT values are in the normal range . 
In the negative control group (G1), only given of chloramphenicol 
suspension for 14 days, obtained a decrease in HMT value, and on days 
21 and 28 showed a slight increase HMT values in mice (Table 3). Based 
on the results of the ANOVA test, to observe the effect of S. dimorphus 
on the HMT value on the groups (G3, G4 and G5) to observations from 
day 0 to 28 there was no significant difference in each treatment group 
at p <0.05.

The influence of S. dimorphus against the number of RET
Chloramphenicol decreased the number of RET on observation from 
days 0 to day 14, where on day 0 treatment, the normal RET counts, 
values were between 0.70±0.10 and 0.74±0.08% (Table 4), based on 
the WHO reference normal range of RET 0.5–1.5%. The administration 
of chloramphenicol causes a decrease in the number of RET on day 14 
is in the range of 0.3 ± 0.07-0.4 ± 0.24%, this value is below normal 
conditions compared to the normal threshold in accordance with the 
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Estimated complete blood count, consisting of RBC, HGB, MCH, MCHC, 
HMT, RET, MCV, and RDW was determined to identify anemia (Table 5).

DISCUSSION

Aplastic anemia is expressed as severe hematologic syndrome, 
characterized by apical bone marrow associated with peripheral 
pancytopenia, caused by the destruction of hematopoietic cells in the 
bone marrow and possibly causing bone marrow failure. Aplastic anemia 
can be caused by several factors such as autoimmune disease and 
exposure to external / environmental factors, administration of drugs 
such as chloramphenicol, severe deficiency (vitamin B, folic acid and 
iron), pregnancy, or, idiopathic. The theory of autoimmune hypotheses 
is commonly accepted, namely, the theory that states the destruction 
of hematopoietic cells by the immune mechanism. Based on the results 
obtained, weight loss of mice on the 7th day after administration of 
chloramphenicol is the induced effect of chloramphenicol on mice, causing 
mice to suffer from aplastic anemia. Aplastic anemia can occur because 
chloramphenicol functions to suppress the bone marrow [9], resulting 
in reproductive inhibition and proliferation of bone marrow stem cells 
against all red blood cell components resulting in aplastic anemia in 
mice causing weight loss [18]. The administration of S. dimorphus 
weight gain of mice suffering from aplastic anemia on day 14 to day 
28, to achieve near normal weight, because S. dimorphus can boost the 
immune system and repair the damage and proliferation of stem cells, 
bone marrow and all RBC components, so that body weight gradually 
improves, as is the case with Spirulina can improve the ability to correct 
anemia and characterized by increased IDO activity and white blood 
cell count [19].

Induction of chloramphenicol to mice causes a decrease in the 
amount of erythrocytes in all treatments occurring on day 14 
after chloramphenicol administration, a decrease in the amount 
of erythrocytes leading to aplastic anemia. Aplastic anemia results 
from decreased RBC production, no young erythrocytes and young 
leukocytes in peripheral blood, due to hematopoietic injury, which 
occurs due to impaired bone marrow failure [20].

The administration of S. dimorphus may increase the number of 
erythrocytes on days 21 and 28 in all treatments. The highest increase 
of erythrocytes occurs in Group 4; this is because S dimorphus can 
function as an immune stimulator to boost the immune system, thus 
healing the hematopoietic injury and overcoming bone marrow failure, 
increasing the stimulation of erythropoietin hormone secretion, and 

Table 1: Mean body weight and number of erythrocytes of mice on observation days 0–28

Treatment Mean of body weight (g) Number of erythrocytes (million/µL) on observation days

0 14 21 28
Negative control (G1) 33.44±0.383a 5.62±0.39a 4.39±0.16b 4.59±0.12a 4.89±0.88b

Positive control (G2) 32.92±0.383a 5.61±0.53a 4.20±0.74b 4.97±0.38a 4.97±0.04b

Dose 2.5 g/50 mL (G3) 32.06±1.535b 5.61±0.53a 4.32±0.60b 4.92±0.35a 5.55±0.54b

Dose 5.0 g/50 mL (G4) 34.24±0.758ab 5.67±0.24a 4.36±0.11b 5.05±0.38ab 5.33±0.11ab

Dose 7.5 g/50 mL (G5) 33.50±1.097c 5.67±0.24a 4.36±0.23b 5.05±0.41a 5.33±0.35b

WHO criteria, anemia is defined as a number of erythrocytes <5 (million/µL), mean±SD (n=10). SD: Standard deviation abA statistically significant differences (p<0.05)

Table 2: Mean HGB levels of mice between treatments on observation days to 0–28

Treatment HGB (g/dL) on observation days

0 14 21 28
Negative control (G1) 13.15±0.98a 11.50±1.02b 12.62±0.31a 13.26±0.66b

Positive control (G2) 15.65±1.06a 11.71±1.88b 13.45±0.65a 13.86±0.95b

Dose 2.5 g/50 mL (G3) 15.29±0.90a 11.68±0.90b 14.28±0.85a 14.89±1.21b

Dose 5 g/50 mL (G4) 15.18±0.55a 11.71±0.86b 14.80±0.67ab 15.35±0.91ab

Dose 7.5 g/50 mL (G5) 15.10±0.68a 11.49±0.91b 13.38±0.53a 13.48±1.00b

WHO criteria, anemia is defined as an HGB level of <13 g/dl for men and <12 g/dl for women. Data expressed mean±SD (n=10). SD: Standard deviation,  
HGB: Hemoglobin abA statistically significant differences (p<0.05)

Table 3: The value of HMT on mice between groups on 
observation days 0–28

Treatment HMT values (%) on observation days

0 14 21 28
Negative 
control (G1)

56.50±0.76 56.01±1.18 58.28±0.78 59.48±0.28

Positive 
control (G2)

59.98±4.63 56.20±2.03 63.01±1.88 63.70±0.86

Dose 2.5 g/50 mL  
(G3)

59.47±2.04 56.39±4.07 63.46±1.45 64.42±3.41

Dose 5.0 g/50 mL  
(G4)

59.98±3.53 56.87±4.42 64.84±2.71 65.24±2.57

Dose 7.5 g/50 mL  
(G5)

60.51±3.04 56.01±7.01 59.66±3.25 60.79±1.97

Data expressed mean±SD (n=10). SD: Standard deviation, HMT: Hematocrit

Table 4: The number of RET between treatments on observation 
days 0–28

Treatments The number of RET (%) on observation days

0 14 21 28
Negative 
control (G1)

0.72±0.08 0.40±0.07 0.58±0.08 0.7±0.07

Positive 
control (G2)

0.70±0.12 0.36±0.08 0.50±0.07 0.72±0.08

Dose 2.5 g/50 mL  
(G3)

0.70±0.10 0.30±0.07 0.60±0.10 0.96±0.11

Dose 5.0 g/50 mL  
(G4)

0.72±0.08 0.36±0.08 0.80±0.07 1.18±0.21

Dose 7.5 g/50 mL  
(G5)

0.74±0.08 0.42±0.04 0.74±0.05 0.98±0.21

Data expressed mean±SD (n=10). SD: Standard deviation, RET: Reticulocyte

WHO reference. The administration of S. dimorphus may increase 
the number of RET on day 21 and 28, respectively, with a range of 
0.50±0.07–0.80±0.07% and 0.70±0.07–1.18±0.21% (Table 4).

The Statistical test using ANOVA to observe the effect of S dimorphus on the 
number of RET in each treatment group (G3, G4 and G5) on observation 
from day 0 to 28, there was no significant difference at p <0,05.
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CONCLUSION

The induction of Chloramphenicol leads to weight loss of mice, and 
a decrease in hematologic value (RBC, HGB, HMT, and RET), this is 
because chloramphenicol  can cause bone marrow disorders, resulting 
in aplastic anemia in mice. The administration of S. dimorphus in male 
mice (Mus musculus) increased weight, RBC, and HGB in each treatment 
group significantly. Increased HMT and RET were not significant 
between treatments. The treatment of S. dimorphus is much better 
than using an anti-anemic drug. Based on the results of the study, S. 
dimorphus has benefit to cure anemia.
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