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ABSTRACT: The study focused on using Danio rerio as a model organism to study circadian rhythm.
Circadian rhythm is a 24-hour sleep wake cycle that has a significant impact on an organism's mental,
physical, and behavioural traits. Disruptions in circadian rhythm can lead to imbalance in human
health. This study helps in future investigations on the complications related to blood pressure,
breathlessness, and body immunity due to circadian rhythm disturbance. To disturb the circadian
rhythm in Danio rerio, surface waves in the aquarium was created and exposed the fish to continuous
artificial light for 96 hours. Every 24 hours, and estimated the melatonin levels to confirm the
disturbance in the circadian rhythm and then estimated RBC count in the blood using a neubauer
counting chamber. As the blood of zebrafish is less than 3% of its body weight, this was challenging
and made an attempt to estimate RBCs in the model organism. Comparing the RBC count of the
experimental fish with the control group (kept under ideal conditions), the researchers found a
significant difference. Additionally, the RBC count was compared every 24 hours to monitor changes.
The results showed a decrease in RBC count in the experimental group, along with stress and
decreased breathing rate in Danio rerio. However, this study contributes to understanding the
respiratory physiology of Danio rerio and provides valuable insights for future pharmacological
research.
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1. Introduction

Blood is the major source for circulation. Red blood cells carry out the exchange of oxygen
and carbon dioxide in the cells [1]. In piscine’s the red blood cells are nucleated and contains
cell organelles which responds to the stimuli [2]. Danio rerio blood cells bear resemblance to
mammalian blood cells. Even though in contrast to mammals the fish blood cells have
retained their nuclei. Zebrafish peripheral blood cells closely resemble mammalian blood
cells, while in fish, unlike the mammals, red blood cells retain their nuclei [3]. Circadian
rhythm 24 hours cycle completely dependent on the light, also called sleep wake cycle has
the control over the biological system and most of the behavioural changes. If circadian
rhythm is disturbed or altered, it leads to physiological changes [4]. “Disruption of circadian
regulation is associated with a wide variety of adverse health consequences, including
increased risk for premature death, cancer, metabolic syndrome, cardiovascular dysfunction,
immune dysregulation, reproductive problems, mood disorders, and learning deficits” [5].
According to the study done by the University of Surrey in 2017 by changing the amount of
potassium the cell receives, the researchers were able to increase and decrease its levels in the
cell and observe the effects on their circadian rhythms. The researchers found that higher
levels of potassium negatively impacted the circadian rhythm of the cell, as the day was
prolonged for many hours to the fishes the potassium levels were decreased.

Modification in the sleep wake cycle in shift workers leads to change in the WBC count while
the red blood cells count is unclear [6]. However the studies show differences in the count of
RBCs in the zebrafish embryo when chronodistruption is caused [7]. In this study we have
focused on the study of red blood cells in contrast to changes in the circadian rhythm.
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The red blood cells in fishes are similar to that of all vertebrates as they also carry the four
binding sites, two alpha and two gammas. However, this is changed due to pH and stress in
the fishes. This condition is explained by “Roof effect” which says that this functional
property of teleost, fish haemoglobin consists of drastic reduction in the affinity towards
oxygen molecules in haemoglobin, resulting in decreased transportation of oxygen capability
when pH decreases and oxygen concentration is high. This condition in fishes is useful to fill
their swim bladder by diffusion of oxygen molecules and also supply oxygen to their retina
as they do not possess any separate blood supply to it [8].

Hyperoxia increases the oxidative stress in the fishes [9] [10]. Oxidative stress had a severe
effect on the organs like liver, Brain, muscle and kidney of the goldfishes [10]. In all animals
the red blood cells produced in the bone marrow but in fishes the Head cells of the kidney is
the region where the erythropoiesis begins in fishes. Low levels of red blood cells stimulate
the production of erythropoietin which in turn increases the production of RBCs [11].

2. Methods

Zebrafish were acclimatized in accordance with the guidelines given by the Committee for
the Purpose of Control and Supervision of Experiments on Animals (CPCSEA). The
experimental setup was designed to disrupt the resting periods of the zebrafish, thereby
altering their circadian rhythms. The levels of melatonin were estimated to confirm the
circadian rhythm disturbance and then the red blood cell (RBC) levels were estimated.

This proceeds to provide insights into the broader implications of circadian rhythm
disruptions on zebrafish physiology, especially on hematological parameters such as RBC
levels.

2.1 Acclimatization of the fishes

Two aquarium setups were made in the aqua lab. Adult Danio rerio were introduced (10 in
each tanks) into the aguarium each containing bio filter (Waterfall style, RS-4000), thermostat
(fully submerged automatic aquarium heater) to regulate the constant temperature, automatic
food dispenser (AF012 LCD Auto Feeder) to have an accuracy in the time and the amount of
food. Amount of food was determined according to ad libitum. Light and dark 12:12 was
maintained. This condition was continued for about 30days for acclimatization.

2.2 Experimental setup

After acclimatization one of the aquariums was considered as control and the other was treated
as experimental. In the experimental setup the circadian rhythm of Danio rerio was disturbed
using white light and surface wave maker. As the white light travels deeper inside while the
red light increases the stress [12]. Surface wave maker creates disturbance in the Zebrafishes
as they are freshwater organism changes in the flow of water disturbs them [13]. This setup
was retained for 120 hours after each 24 hours the required number of the fishes were taken
from both control and experimental tanks for haematological studies estimation of melatonin
levels.

2.3 Analysis of Dissolved Oxygen in water
Dissolved oxygen was estimated by Winkler’s method. The chemical determination of

0Xygen concentrations in water is based on the method first proposed by Winkler (1888) and
modified by Strickland and Parsons (1968).
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2.3 Quantification of Melatonin using fish melatonin ELISA kit (AFG Bioscience)

The fishes were anesthetized using clove oil, ensuring they were placed on an ice bath to
minimise pain sensation during the dissection process. Triad fish brains and eyes were pooled
in Eppendorf tubes containing phosphate buffer (pH 7.2-7.4) and subjected to sudden freezing
using liquid nitrogen, effectively terminating all the brain functions. After allowing the
samples to defrost, they were homogenized and centrifuged at 2000 rpm for 20 minutes, the
supernatant was collected and utilized for further assay procedures (ELISA KIT). This
methodology ensured the preservation of brain samples for further analysis and maintaining
the integrity of the biological material during the experimental process.

2.4 Estimation of RBC levels in the zebrafish

Haematological studies were very challenging as the amount of the blood in the zebrafish is
less than 3% of its body weight for about 5-10uL [14]. The fish was anaesthetist using clove
oil before the collection of blood [15]. The blood collection was done by Novel blood
collection method and the blood was collected in the eppendorf containing EDTA 8pH [16].
RBC count was done using a haemocytometer and the red blood cells were counted every 24
hours once and the same was continued for 120 hours.

2.5 Estimation of lipids by Folch Method [17]

Tissue was homogenized with methanol and chloroform (1:2 ratio) then mixture was agitated
for 15-20mins and then passed through the filter paper liquid phase was washed with NaCl
(0.9%) then centrifuged at 2000rpm for 15mins lower phase was transferred to a weighed
crucible, solution is to be evaporated at 40°C by placing in a hot air oven for 24-48hours.

2.6 Statistical analysis

Statistical analysis was done using ANOVA using the IBM SPSS Statistics 21 software. The
sample showed significant difference and the p value was less than 0.05.

3 Results
3.3 Analysis of water parameters

Table 1 Analysis of water parameters

Water Parameters Optimum Range Estimated Range (every 24
[18] hours once)

pH 6.8-8.5 8.0+04

Alkalinity 50 — 150 mg/ L 120+20 mg/L

Hardness 50-100 mg/L 95 + 2 mg/L

Nitrite < 0.1 mg/L 0.05 + 0.01mg/L

Nitrate <50 mg/L 30 + 15 mg/L

Ammonia <0.02 mg/L 0.005 + 0.005 mg/L

Temperature (°C) 26 -28.5 26+ 1.3 (OC)
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3.4 Melatonin levels during circadian rhythm disruption.

The melatonin levels in the brains of the experimental fish and control zebrafish were found
to be gradually decreasing. This was most noticeable on day two, which occurred after a 48
hour disruption, and then increasing on day three, which occurred after a 72 hour disturbance.
The body strives to regain hormonal balance which appears to be the cause of this variation
in melatonin release, which was a reaction to stress brought on by the circadian disruption.

Melatonin concentration (pg/pL)
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Fig.1. Melatonin concentration in the Brain of zebrafish

2.3 The circadian rhythm disruption on haematological parameters in Zebrafish
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Figure 1: Red Blood Cells Figure 2: White Blood Cells after 72 hours

Circadian rhythm disturbance

Figure 1: Cell count in one of the RBC chamber, Figure 2 shows the white blood cells in the
WBC chamber in Haemocytometer

The control fishes showed an average range of (2.8-3.2) x 10° cells/pl [19]. Circadian rhythm
of the adult zebrafish was disturbed for consecutively for 120 hours. Every 24 hours once the
fishes were tested for RBC count. Stress changes the blood composition and decreases the
volume of the blood [20] this statement supports our observations after the experiments as
shown in the Figure 3.
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Figure 3: Number of Red Blood Cells in Control and Experimental Condition
(E1 - experimental fishes after 24 hours of disturbance, E2- experimental fishes after 48 hours
of disturbance, E3- experimental fishes after 72 hours of disturbance, E4- experimental fishes
after 96 hours of disturbance, E5- experimental fishes after 120 hours of disturbance, C1 —
Average count of RBC in Control Fishes)
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Figure 4: Dissolved Oxygen in control and experimental tanks [21]

In this study it was observed that in the control fishes the Red Blood Cells (RBC’s) was found
to be 2.9x 10° cells/ul. after the circadian rhythm was disturbed for 24 hours, 48 hours, 72
hours, 96 hours and 120 hours it was found to be 1.85 + 0.35 x 10° cells/pl, 2.85 + 0.63 x 10°
cells/ul, 1.75 + 0.07 x 10° cells/ul, 2.05 + 0.07 x 10° cells/pl, 2.85 + 0.49 x 10° cells/l
respectively. There was a drop in the levels of RBC’s after 24 hours of circadian rhythm
disturbance, and again upon observation after 48 hours there was an increase in the RBCs
levels, as the circadian rhythm disturbance was continued for another 24 hours there was an
again drop in the RBCs and then there was an increase in the levels of the RBCs after 96 hours
of disturbance and then there was an still more increase in the RBCs in the fishes, which
shows that they are trying to acclimatize for the environment. The optimum range of dissolved
oxygen for Zebrafishes is not less than 4 mg/L [22]. In our study we have also maintained an
average of 5.32mg/L in both control and experimental tanks and was estimated using
Winkler’s method.
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Wave maker was used to disturb the circadian rhythm along with the artificial light [13], the
wave maker creates the waves on the surface of the water. Wave maker continuously
circulates water and maximum oxygen dissolves in the water which creates Hyperoxia.
Hyperoxia changes the levels of oxygen consumption in zebrafish. As the wave maker
increases the oxygen dissolving capacity in the water approximately 8 mg/L at 25°C. As we
can observe in figure 4 the breathing rate of the fishes in the experimental tank reduces, as
the circadian rhythm disturbance has created stress in fishes which is line with the levels of
melatonin. Resulting in clear indication that dissolved oxygen increases as the stress in fish
increases. Additionally, Disrupted circadian rhythm is the cause of the variations in the RBC
levels is proved by stating that the lipids get damaged due to disturbance in the rhythm [23]
these results are also true with our study as observed in the Figure 5.
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Figure 5: Concentration of Lipids in the zebrafish muscle after the Circadian Rhythm
Disturbance

(E1 — experimental fishes after 24 hours of disturbance, E2- experimental fishes after 48
hours of disturbance, E3- experimental fishes after 72 hours of disturbance, E4- experimental
fishes after 96 hours of disturbance, E5- experimental fishes after 120 hours of disturbance,
C1 — Average concentration of lipids in Control Fishes)

4 Discussion

In this study, the researchers examined the red blood cells in zebrafish over a period of five
days while continuously disrupting their circadian rhythm. The average total red blood cell
count during this period was 3.02 x 106 cells/ul. The control group, which was not subjected
to circadian disturbance, had an estimated total red blood cell count of 2.9 x 106 cells/ul
according to a previous study by [19].

Previous studies have shown that the count of red blood cells can vary with changes in the
circadian rhythm, as demonstrated by [7]. Our own study also found variations in red blood
cell counts after disturbing the circadian rhythm. After 24 hours of disturbance with light and
surface waves, the red blood cell count dropped to 1.85 x 106 cells/ul. After 48 hours, the
count started to increase and reached 2.85 x 106 cells/pl. However, it decreased again after
72 hours to 1.75 x 106 cells/ul. surprisingly, after 96 hours, there was a continuous increase
in the red blood cell count, with a value of 2.05 x 106 cells/pl. The experiment was continued
for a total of five days, which revealed that the red blood cell count tried to reach the normal
level of 2.85 x 106 cells/ul again. This observation suggests that fish, like humans, try to
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restore their red blood cell count to normal levels when their circadian rhythm is disturbed
[24].

In zebrafish, erythropoiesis occurs in the anterior and posterior kidneys, which are also
referred to as kidney marrow. This process differs from that in mammals, where
erythropoiesis primarily takes place in the bone marrow. The transformation of
megakaryocytes into erythroblasts and their subsequent maturation into erythrocytes occurs
in zebrafish. Low oxygen levels in the blood stimulate erythropoiesis in the kidney, similar to
what occurs in mammals. In zebrafish, low oxygen levels increase the expression of epo
mMRNA in the heart, leading to an increase in the production of red blood cells [25].

Melatonin is a neuro hormone which helps in the regulation of circadian rhythms in humans.
Variations in circadian rhythm can significantly affect melatonin levels. Studies have shown
that disruptions in circadian rhythm due to environmental factors, physiological changes can
lead to the changes in the levels of melatonin secretion patterns. Melatonin levels in humans
are intrinsically linked to circadian rhythm, disruptions in the circadian rhythm leading to
altered melatonin secretion. However these variations are in line with our studied results. The
findings underline the potential therapeutic implications of targeting melatonin and circadian
rhythms in clinical settings to improve patient outcomes [26]-[29].

In our study, we observed an increase in dissolved oxygen in the water and a decrease in red
blood cells after 48 hours of circadian disturbance, creating a stress condition. To recover
from this condition, the red blood cell count in zebrafish increased on the third day (72 hours)
of circadian rhythm disturbance. Along with the increase in red blood cells, we also observed
numerous white blood cells (WBCs) in the counting chamber of a haemocytometer, indicating
the activation of the fish's defense mechanism. However, we found that the increased oxygen
levels in the water persisted even after 72 hours of circadian disturbance, and the increase in
red blood cells in zebrafish continued even after 96 hours and up to 120 hours. To further
support the notion that circadian rhythm only causes variations in red blood cell levels, we
also measured the concentration of lipids in the muscle of the fish. We found that there was
damage to the lipids after 24 hours of circadian rhythm disturbance, which continued to
decrease until 72 hours, and then increased as the fish attempted to adapt to the environment.
The similarities between zebrafish and mammals provide a better understanding of
haematological changes caused by changes in the circadian rhythm. Further studies using
zebrafish as a model organism could contribute to the development of treatments and
prevention strategies for haematological disorders that are influenced by changes in sleep
patterns in humans.

5 Conclusion

The results of this study show that disturbance in the circadian rhythm of Danio rerio leads
to changes in red blood cell (RBC) levels. After 24 hours of circadian rhythm disturbance,
there was a significant drop in RBC levels compared to the control group. This may be due
to the stress caused by the disturbed circadian rhythm, which can have an effect on
haematopoiesis and result in a decrease in RBC production.

After 48 hours of circadian rhythm disturbance, there was a significant increase in RBC levels
compared to the previous time point. This increase may be a compensatory mechanism of the
fish to acclimatize to the altered environment. It is known that stress can stimulate the
production of erythropoietin, which in turn increases the production of RBCs. This increase
in RBC levels after 48 hours may be a response to the initial decrease in RBC levels observed
after 24 hours of disturbance.

The fluctuations in RBC levels observed throughout the 120-hour period of circadian rhythm
disturbance suggest that the fish is attempting to adapt and regulate its haematopoiesis in
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response to the altered environment. Further studies are needed to investigate the underlying
mechanisms and factors involved in this adaptive response.

The presence of hyperoxia in the experimental tank due to the use of a surface wave maker
may also contribute to the observed changes in RBC levels. Hyperoxia can increase oxidative
stress in fishes, which can have detrimental effects on various organs including the liver,
brain, muscle, and kidney. It is possible that the stress caused by hyperoxia and disturbed
circadian rhythm may affect erythropoiesis and lead to changes in RBC levels.

Overall, this study provides evidence that disturbance in the circadian rhythm of Danio rerio
can have an impact on red blood cell levels. Further research is needed to explore the
mechanisms underlying these changes and their implications for fish health and physiology.
Understanding the effects of circadian rhythm disturbance on haematopoiesis and RBC levels
can have implications for both fish health and human health, as disrupted circadian rhythms
have been associated with various health problems in humans.
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