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1. Introduction
  

	 Anadara is one of highly nutritious shellfish, 
have wide acceptance in the society. In Indonesia, 
the harvest of Anadara nodifera is abundance and, 
the shells is becoming waste since only the meat 
is valuable. Shellfish is well known to increase 
testosterone levels in humans (Zhang et al. 2021). To 
add,  Astuti et al. (2019) have reported the application 
of Anadara granosa shell to increase the level of 
testosterone in rat. However the hypothetical potency 
of Anadara nodifera has not yet explored.
	 Testosterone is a vital male hormone. It controls 
voice, growth, muscle strength, spermatogenesis, 
and sex drive (Astuti et al. 2006, 2019; Josiak et al. 
2014; Ko et al. 2021; Yuneldi et al. 2021a, 2021b, 

2021c, 2021d). Common practice of injecting 
anabolic hormones such as testosterone in male birds 
is proposed to maintain the performance. However 
constant low dose injection of synthetic testosterone 
may induce a down-regulation mechanism, a drastic 
reduction of testosterone level. During down-
regulation, the amount of testosterone receptor is 
decreased leading to poor voice quality and in severe 
cases the birds may lose voice (Pomara et al. 2016). 
The testosterone hormone in the body is naturally 
converted into oestrogen by an aromatase enzyme 
causing a challenge in maintaining a steady high 
level of testosterone (Çinar et al. 2017). However the 
conversion could be depress by aromatase blocker. 
The inhibition of testosterone to oestrogen will 
maintain high levels of testosterone in the body then 
provide sufficient supply for body-effects related to 
testosterone. Therefore, a natural agent capable of 
acting as a natural aromatase blocker is essential 
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to prevent conversion of testosterone to estradiol  
(Astuti et al. 2018, 2019). Astuti et al. (2019) found 
0.18 mg/200 g BW of Anadara granosa shell powder 
was able to increase testosterone hormone in rats. 
In Aves, the administration at 0.9 mg/kg BW have 
improved the voice quality of Pelung chickens 
(Yuneldi et al. 2012d) also boost the testosterone 
level in layers (Yuneldi et al. 2012a). These finding 
unveil the possibility to improve the voice quality of 
singing birds.
	 Synthetic aromatase blocker have been identified 
and applied i.e. Fadrozole for Pimephales promelas 
fish (Saari et al. 2017); Anastrozole, Letrozole  
(Linardi et al. 2017), also Exemestane for aging 
broiler rooster  (Bazyar et al. 2019). However, long 
term administration of synthetic substance may 
lead to adverse reactions, also raising issues from 
drug residue in certain organs. 
	 Astuti et al. (2019) have reported reduction 
expression of aromatase CYP19 receptors in the brain 
following Anadara granosa powder shell treatment 
rat. Here, akin genus of Anadara, the Anadara 
nodifera, was evaluated as aromatase blocker CYP19 
notably in syrinx as voice controller in canary birds. 
The Anadara nodifera shell is estimated to contain 
high Zinc which may act as aromatase blocker.
	 This research was intended to identify and 
evaluate natural aromatase blockers which are 
capable of improving the sound quality of male 
canaries, riskless, obtainable, and inexpensive. Also, 
to improve the utilisation of Anadara nodifera shell 
which is considered waste. 

2. Materials and Methods

2.1. Ethical Clearance
	 The research procedures performed in this study 
were in accordance with the Integrated Research 
and Testing Laboratory (LPPT) UGM Research Ethic 
Committee Number: 00021/04/LPPT/V/2019.

2.2. Preparation of Anadara nodifera Shell 
Powder 
	 The clams was collected from beaches in Gunung 
Kidul, Daerah Istimewa Yogyakarta, Indonesia. 
Initially the clams was boiled then the shells was 
separated from the meat. Afterward the shells 
was scrubbed and sundry for 1-2 days. The shells 
then boiled with NaOH 1N at 50°C for 3 hours and 
neutralised by washing. Subsequently the shells 

were dried in the oven at 120°C for 6 to 8 hours then 
grinded to powder.

  2.3. Experimental Design	
	 This experiment was employing 27 adult male 
Canary birds with approximate weight of 30 g. 
The animals were divided into 3 groups with 9 
repetition each i.e T0: received Carboxymethyl 
Cellulose Sodium (Na-CMC) as control, T1: received 
Zinc Sulphate 0.013 mg/30 g BW, and T2: received 
NAB 0.3 mg/30 g BW. Treatment T2 was NAB or 
shell powder of Anadara nodifera was diluted 1:1 in 
Na-CMC.  Each birds was treated orally for 21 days 
(Astuti et al. 2020; Yuneldi et al. 2021a).

2.4. Blood Withdrawn and Organ Collection 
	 Prior bleeding the birds were sedated by 
intramuscular route using combination of Ketamine 
and Xylazine at 25–40 mg/kg and 5–50 mg/
kg respectively. The blood then withdrawn via 
intracardial and contained in Ethylen Diamine Tetra 
Acetaticacid (EDTA) tube.
	 Subsequently the birds were euthanised by 
separating the head and the body using sharp knife 
according to IOWA University, 2016 (Bird Euthanasia 
Procedure, Comparative Medicine and Animal 
Resources Centre, Iowa State University, 2016).

2.5. Complete Blood Test Count
	 The collected blood was processed for complete 
blood count including haemoglobin (Hb) and 
differential leucocytes in haemo analyser. Since in 
Aves, the red blood cells are nucleated (Beaufrère et 
al. 2013), the haemo analyser could not distinguish 
between erythrocytes and leukocytes. Therefore the 
erythrocyte count was done manually employing an 
improved Neubauer tube. According Mohammed et al. 
(2021) and Onyishi et al. (2017) that mean corpuscular 
volume (MCV), mean corpuscle haemoglobin (MCH) 
and mean corpuscle haemoglobin concentration 
(MCHC) were obtained from the red blood cell (RBC) 
count, packed cell volume (PCV) and haemoglobin  
(Hb) concentration through the following formula:

HbMCH (pg) = 

MVC (fL) = 

MCHC (g/dL) =

PVC

Hb

RBC

RBC

PVC

x 10

x 10

x 10
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2.6. Testosterone Level Measurement
	 The level of testosterone was measured from blood 
plasma employing ELISA (Calbiotech). The blood 
was centrifuged at 3,000 rpm for 20 minutes then 
assay. The ELISA was performed as per manufacturer 
direction. The steps for measured testosterone levels 
were 50 μl standard solution and samples were 
poured into wells and then 100 μl enzyme conjugate 
reagent was added, 50 μl Biotin reagent was added 
into each well. Swing the microplate gently for 20-
30 seconds to mix the reagents and incubated for 
60 minutes, at room temperature. Next, the wells 
were rinsed 3 times using 300 μl wash buffer. 
Subsequently, 100-300 μl TMB substrate reagent 
was added to the wells, while the microplate was 
covered and incubated for 30 minutes. Then, 50 μl 
stop solution was added to the wells and absorbance 
was read using ELISA Reader or Microplate Reader 
(ZENIX-320) with the absorbance wave of 450 nm 
for 15 minutes (Yuneldi et al. 2021d).

2.7. Immunohistochemical Staining Methods
	 The syrinx, brain and testis were fixated in PBS-
10% formalin for 18-24 hours followed by paraffin 
embedding. The paraffin block was sectioned at 4 µm 
thick then mount on coated poly-L-Lysine (Sigma®) 
slide glass, deparaffinated and rehydrated. Following 
probing with aromatase CYP19 (C-16) SC-14245 
monoclonal antibody (Santa Cruz Biotechnology) 
at 1:100, the section was chromogenic stained with 
biotin secondary antibody at 1:100 anti mouse, then 
labelled with streptavidin-biotin peroxidase and 
mounted with Canada balsam after dehydrated. 
Brown stained cells indicated the expression of 
CYP19 aromatase (Astuti et al. 2019).

2.8. Statistical Analysis
	 The statistical analysis of the available parameters 
were employing one way ANOVA with 95% CI  (α = 

0.05). If significant distinction found the test was 
proceed to Tukey HSD. The analysis was performed 
in SPSS v.15 (Yuneldi et al. 2018, 2021c).

3. Results

3.1. Description of Complete Blood Count
Complete blood count examination plays 

important role in diagnose a disease since noticeable 
changes may occur prior clinical signs observed. 
There was no significant changes (p>0.05) in the 
complete blood count (Table 1). This indicated the 
bird’s health was not affecting by the treatment.

3.2. Testosterone Hormone
	 The testosterone hormone analysis showed 
significant changes of T2 (NAB) compared to T0 
(Control) and T1 (Zinc Sulphate) (p<0.05). Although 
the hormone level in T1 (Zinc Sulphate) was elevating 
in comparison to T0 (Control) however it was not 
significantly different (p>0.05) (Table 2). This finding 
showed the Zn contained in Anadara nodifera shell 
powder was able to boost testosterone level in male 
Canaries.

3.3. The Expression of CYP19 Aromatase in 
Syrinx, Brain, and Testis after Treatment
	 The immunohistochemistry staining of syrinx, 
brain and testis signified the derivation of Cyp19 
aromatase expression of T0 (Control), treatment 
group T1 (Zinc Sulphate) and T2 (NAB). However 
the Cyp19 aromatase expression of T0 and T1 was 
detectable in contrary to T2 (NAB). This condition 
indicate the aromatase enzyme was greatly supressed 
consequently reduced the testosterone conversion 
into oestrogen (Figure 1C). Similar explanation also 
visible in brain, the expression of Cyp19 aromatase 
gene at T0 was highly distinct then gradually 

Table 1. The haemoglobin, hematocrit, erythrocytes, leukocytes, MCV, MCH, and MCHC measurement of the male Canary

a, bDifferent superscripts in the same row indicate significant differences (p<0.05)

Variables

Haemoglobin (gr/dL)
Hematocrit (%)
Erythrocyte (million/Ul)
Leukocyte (thousand/mm3)
MCV (fL)
MCH (pg)
MCHC (g/dl)

Average ± SD
T0 (control) T1 (Zinc sulphate) T2 (NAB)
12.13±0.52a

50.33±9.26a

3.61±0.74a

3.60±0.22a

139.88±24.69a

34.45±4.97a

24.83±4.59a

12.07±0.79a

44.33±3.90a

3.91±0.54a

3.33±0.27a

134.32±19.92a

31.64±6.77a

27.56±4.20a

12.47±0.70a

43.67±2.78a

3.33±0.43a

3.30±0.38a

133.50±14.31a

37.95±5.29a

28.73±3.41a
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decreased to T1 and finally invisible at T2 (Figure 
2C). Comparable to brain, the Cyp19 aromatase gene 
in T0 testis also distinctly expressed and at T1 and T2 
the expression was gradually imperceptible (Figure 
3C).
	

Table 2. Testosterone level of male Canary after 21 days of 
treatment

a, bDifferent superscripts in the same column indicate 
significant differences (p<0.05)

Treatment Average ±SD (ng/mL)
T0 (Control)
T1 (Zinc sulphate)
T2 (NAB)

0.035±0.007b

0.056±0.011b

0.305±0.159a

Figure 1. (A) The aromatase gene Cyp19 is strongly expressed in T0 (Control), (B) Cyp19 gene in T1 (Zinc sulphate) is 
modestly expressed, (C) the aromatase Cyp19 gene in T2 (NAB) is not expressed. The voice controller organ 
Syrinx is indicated by arrow. Magnification: 400x

A B C

Figure 2. (A) The aromatase Cyp19 receptor in T0 (Control) is strongly expressed (brown colour), (B) the aromatase Cyp19 
receptor in T1 (Zinc sulphate) is lightly expressed, (C) the aromatase Cyp19 receptor in T2 (NAB) is not expressed. 
The brain sex-drive organ of male Canary is indicated by brown colour (arrow). Magnification: 400x 

A B C

Figure 3. (A) The aromatase Cyp19 receptor in T0 (Control) is strongly expressed (brown colour), (B) The aromatase Cyp19 
receptor in T1 (Zinc sulphate) is lightly expressed, (C) the aromatase Cyp19 receptor in T2 (NAB) is not expressed. 
The testis on male Canary. Magnification: 400x

A B C
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4. Discussion

4.1. Complete Blood Test Description Post 
Treatment
	 Treatment with Anadara shell powder was not 
generate adverse reaction in the complete blood test 
count of the male canary. The average PCV value in 
Aves is 40% (Bickford 2007). According to Nwogor 
et al. (2015) and Nwogor et al. (2020) reported that 
normal ranged from 26.0-45.2%. This is in accordance 
with the findings of Zeryehun et al. (2017) which also 
revealed that normal PCV in avian species is 35-50%. 
El-Hendy et al. (2001) reported Zn deficiency have 
adverse effect to growth rate, specific organ weight, 
haematology parameter, Zn, Cu, and Fe serum level 
in rat. Further description by Darwish et al. (2021) 
that level of Zinc was related to the absorbance of 
iron in blood cells. In food, Zinc is highly contained 
in oyster (Kaur et al. 2014). The shell of Anadara 
granosa is containing macrominerals i.e. Zn, Mg, 
Ca, Na, Fe, and K and has the highest Zn contents 
compared to P viridis and T telecospium (Astuti et al. 
2019). However excessive Zinc could lead to Copper 
deficiency since zinc is able to competitively inhibit 
copper attachment in the gastrointestinal tract. 
Metallothionein upregulation gene expression plays 
an important role in this phenomenon (Kaur et al. 
2014). Macromineral Zinc is found in Anadara nodifera 
and serve as an aromatase blocker (Sankako et al. 
2012). In addition, Oyster (Ostrea edulis Linnaeus) 
is rich in zinc and copper complexes (Coombs 1974; 
Wang and Wang 2014).

4.2. Testosterone Level after Treatment
	 The Zn content in clam shell powder plays an 
important role as an aromatase blocker to inhibit 
the aromatase enzyme from converting testosterone 
into oestrogen (Astuti et al. 2019; Yuneldi et al. 
2021a; Yuneldi et al. 2021d). Enzyme of aromatase 
is a cytochrome P450 enzyme (CYP19A1 isoform) 
action which catalyse the conversion of androgens to 
oestrogens. The aromatase inhibitors (AI) application 
in short men was beneficial by increasing height 
(Linardi et al. 2017). Zinc contained in oyster meat is 
able to boost testosterone level in human (Brenowitz 
2013). Aromatization is notorious to play an important 
role in the testosterone signalling pathway of brain. 
Furthermore, oestrogen metabolites together with 
testosterone regulate and activate masculine neural 
circuits (Roselli 2007).

	 The combination of Zinc and Se for treatment 
is found ineffective since those elements act 
antagonistically. A similar antagonistic mechanism 
also recognised in cooper (Pb) and Zn as described 
by Kaur et al. (2014): the supplementation of cooper 
increased Zinc conjugation to large molecules and 
depleted the ratio of zinc coupled with smaller 
molecules hence manifest the antagonism between 
copper and zinc. Excessive zinc in the body may lead to 
copper deficiency through competitive inhibition to 
bind in the gastrointestinal tract. The gene expression 
of metallothionein upregulation may be responsible 
in this phenomenon. On contrary, zinc deficiency 
results in excessive conversion of testosterone into 
oestrogen (Sauer et al. 2016). Zinc acts as an inhibitor 
aromatase enzyme which convert oestradiol to 
testosterone. Zinc is transferred from and out of the 
cells by transport  protein (Çınar et al. 2017). 
	 T1 (Zinc sulphate) treatment as aromatase blocker 
was not showed significant result (p>0.05), however 
the Zinc contained in oyster shell powder or treatment 
T2 (NAB) was greatly affected the level of testosterone 
(p<0.05) including the Cyp19 aromatase expression 
(Table 2, Figure 1, 2, and 3). Similar description also 
observed in rat (Astuti et al. 2019); rooster layer 
(Yuneldi et al. 2021a) and Bangkok chicken (Astuti 
et al. 2021). Souza et al. (2021) have reported during 
the conversion of testosterone to oestrogen, the 
aromatase enzyme (Cyp19) acts by producing a C-19 
gem-diol. Subsequently, the A-ring aromatization 
is provided by the abstraction of 1β-Hydrogen and 
electron transfer also deprivation of the molecular 
structure to accomplish a single substitution.
	
4.3. The Expression of CYP19 Aromatase in 
Syrinx, Brain, and Testis Post Treatment
	 Immunohistochemical staining showed a decrease 
in the aromatase receptor Cyp19 in the syrinx, brain, 
and testis, although the decrease was not distinctive 
as in the NAB treatment (Figure 1C, 2C, and 3C). The 
immunohistochemistry staining demonstrated the 
weak expression of Cyp19 aromatase receptors in 
syrinx, brain and testis if compared to T0 (Control) 
(Figure 1, 2, and 3). However this finding was 
contrary to Daragó et al. (2020) which indicated 
the elevation of Testosterone level in Wistar rat 
following Zinc treatment, and androgen receptor 
(Çınar et al. 2017). The aromatase inhibitors are 
classified into steroid/non-steroidal, reversible 
(ionic bonds) and irreversible (suicide inhibitors, 
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covalent bonds) according to the generation. Steroid 
aromatase inhibitors are androstenedione analogues 
with a pseudo-compound mechanism that binds 
irreversibly to the androgen attachment site of the 
enzyme, while non-steroidal aromatase inhibitors 
show their function by binding via heme bonds to the 
cytochrome P450 enzyme (Permadi 2013; Souza et al. 
2021).  
	 Previous research has showed the administration 
of a synthetic aromatase blocker, Letrozole, was 
capable of reducing peripheral oestradiol levels 
in non-human primates (Gervais et al. 2019) also 
assumed to treat inflammation (Fusi et al. 2014). 
Letrozole and Anastrozole are thought to be able to 
bind to the heme group of cytochrome P450 reversibly. 
In fact, aromatase blockers may act as inducers or 
inhibitors of cytochrome P450 enzymes. Since it is 
non-steroidal, it is estimated that zinc contained in 
shellfish performs by linking itself with its lone pair 
of electrons carried by the azole ring heteroatom, 
then interacting with the Fe atom of the porphyrin 
ring in the aromatase binding site, causing enzyme 
inactivation (Prachayasittikul et al. 2014). Further 
explanation is the complexation of ions and metallic 
bonds occurs dynamically and is reversible. The 
metabolism of aromatase blockers has involved three 
chemical processes, i.e hydroxylation, N-dealkylation 
and glucuronidation (Linardi et al. 2017). 
	 Brenowitz (2013) reported that testosterone 
is able to increase the synthesis of brain-derived 
neurotrophic factor (BDNF) in HVC, then BDNF protein 
will be released into postsynaptic cells in the RA 
nucleus where it has trophic. This is also supported 
by the documentation of capability Anadara granosa 
shell to increase the singing frequency of Canaries 
and Pelung chickens (Astuti et al. 2020; Yuneldi et 
al. 2021d). It is then assumed that Anadara nodifera 
also capable of increasing the frequency and sound 
quality of male canaries. However, the Zinc as an 
aromatase blocker nonetheless requires further 
research to administer as a single administration 
or a combination with other macromolecules, or 
incorporated in a compound. 
	 Our results showed the application of Anadara 
nodifera was able to increase the testosterone levels, 
to reduce the expression of the CYP19 aromatase 
receptor in the brain, syrinx, testis, and was not 
affecting the complete blood counting. To conclude, 
the treatment T2 was NAB 0.3 mg/30 g BW (shell 
powder of Anadara nodifera was diluted 1:1 in Na-
CMC) could act as a natural aromatase blocker to 
increase testosterone levels. This was demonstrated 
in the reduction of the CYP19 aromatase receptor 
expression. Nevertheless, no evidence was found 

NAB treatment could generate significant effects to 
the complete blood count. 
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