International Journal of Ecology and Environmental Sciences 48: 439-447, 2022

ISSN: 2320-5199 (Online); https://doi.org/10.55863/ijees.2022.0439

© NATIONAL INSTITUTE OF ECOLOGY, NEW DELHI

Assessment of Sub Lethal Toxicity of Hydrocortisone (C, H, O,):
Physiological and Haematological Biomarker Reactions on Anabas

testudineus

REVATHY, R."",A.U. ARUN?, HELANA JOSE', SHALU SOMAN', REEMY SARA MATHAI®* AND

BLESSY V. RAJAN*

!Department of Zoology, Nirmala College, Muvattupuzha, India.

2Department of Zoology, St. Peter’s College, Kolenchery, India.

$Department of Zoology, Marthoma College for Women, Perumbavoor, India.

“Department of Zoology, St. Xavier’s College, Vaikom, India.

E-mail: aneeshrevathyr@gmail.com, drarunkurup@gmail.com, helanajpe93@yahoo.com,
shalusoman33@gmail.com, reemysara@gmail.com, blessyvrajan@gmail.com

*Corresponding author

ABSTRACT

Application of wide range of pharmaceuticals is a serious threat to the environment causing a significant
deterioration of aquatic faunal health as well as its survival status. The widespread detection of various types of
drugs (antibiotics, non-steroidal anti-inflammatory drugs, beta-blockers, etc.) present in the aquatic ecosystem
directly works on physiological parameters at different levels of aquatic organisms especially the bio-indicators
and fishes. The experiment was carried out to evaluate the exposure of sub lethal concentration of hydrocortisone
on oxygen consumption, gill movement, haematological and percentage of bone calcium of the freshwater fish
(Anabas testudineus). When compared to control, the exposed fishes exhibit significant alterations in their
physiological activity. The rate of oxygen consumption is indirectly proportional to dosage concentration as
well as exposure time. Both the rate of gill movement and oxygen consumption were decreased with increasing
concentration of hydrocortisone. Under exposure, the significant (P <0.05) decline was recorded in both RBCs
and Hb count when compared to control. The percentage of bone calcium level was significantly decreased by
the toxicity of hydrocortisone. The current study stipulates that the exposure of sub lethal concentration of
hydrocortisone on A. testudineus alters the physiological and haematological parameters. The results indicated
that the steroid drug, hydrocortisone even at low concentrations causes deteriorative impacts on the health
conditions of aquatic organism.
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INTRODUCTION

Pharmaceutical drugs are chemical substances
designed to prevent, diagnose or treat various
disorders and helps to promote health. The known
biological effects of drugs on both humans and
animals enhances its physical as well as mental well
—being (More 2016, Karaman 2015). Now a day, the
large scale manufacturing of different categories of
drugs and its application are very prominent in the
field of veterinary, agriculture and aquaculture for
providing shelter against various diseases (Saravanan
2014). The classification of drugs are mainly
focussed on three factors such as the chemical
structure of a particular drug, the way it is used to
treat a particular disease condition and its mechanism
of action (Karaman 2015). Both the chemically

synthesised drugs (termed as “small molecules”) and
living organism producing drugs (biologics) have
advanced treatment capacity (Sarkis et al. 2020).

Therapeutic hydrocortisone is a synthetic or semi
synthetic analogue of natural hydrocortisone
hormone (Florey 1983). Though there are certain
therapeutic advantages to hydrocortisone, it create
several side effects at various respects such as
headache, increased sweating, unusual hair growth
on face or body, nausea, weight gain, skin dryness,
rashes, Cushing syndrome, hyperglycaemia and
seizures etc. The effects of hydrocortisone on various
aspects of laboratory animals have been observed
by a number of investigators (Sadasivudu 1977,
Otomo et al. 1981, Edwards and Burnham 2001).
Although there are some studies on the physiological
aspects of cortisone (hydrocortisone) on rats, there
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is lack of data for the effects of hydrocortisone on
various physiological parameters of fresh water
fishes.

The indiscriminate use of drugs can cause
consequential impacts for the survival of organisms
in the environment (Ambili et al. 2013, Boxall et al.
2004). Such emerging class of extensively used
contaminants have potential effects on microbes,
aquatic flora and fauna because they perform direct
or indirect mode of action on various level (Fent et
al. 2006 and Costanzo 2005). The ungovernable
discharge of metabolites of pharmaceuticals from
hospitals and other medical labs were accumulated
in the surrounding water sources and that may lead
to toxicity on biological aspects at a chronic level
from target to non-target organisms (Calamari et al.
2003, Ferrari et al. 2004, Hermando 2006). The huge
application of pharmaceuticals directly leads to the
health status of the non-target species as they are
biological indicators (Ahmad 2012, Chebbi 2010).
Hence these chemicals are seriously affecting the
vital organs as they are invading in the deteriorated
water column (Al-Otaibia 2019).

The bioaccumulation of pharmaceuticals in
various vital organs is primarily reflected in the rate
of oxygen consumption, opercular frequency,
haematological as well as percentage of bone calcium
level. The rate of oxygen consumption is directly
proportional to the metabolic rate of aquatic
organisms and the changes in such sensitive process
continuously leads to the behavioural as well as the
physiological alterations also (Prasanna et al.
2020).The gills are considered as the remarkable area
which supports the direct uptake of chemicals from
the water column and hence it is an essential tool for
the rapid assessment of both acute as well as the sub
lethal toxicity with a real time manner (Afshan et al.
2014). In addition to that, the type of ventilatory
responses exhibits by the gills indicates on what type
of chemicals accumulated in that particular water
column (Jerome et al. 1990). The haematological
parameters are very sensitive to sub lethal
concentration of pharmaceuticals by its rapid
detection and hence any possible alteration in blood
parameters are considered as one of the important
biomarker of fish health (Haider and Rauf 2014,
Alimba 2019). Generally the bone density and
calcium level are significantly depends on various

types of drugs and hence the regular consumption of
drugs have contribute the gradual bone resorption
(Vestergaard 2008).

Anabas testudineus (climbing perch) was selected
as a model organism for this study because such
native fish commonly inhabiting in rice fields and it
is considered as one of the important food fish also
(Tam et al. 2015). Acute and chronic toxicities of
several pesticides have been investigated in climbing
perch (Binoy et al. 2004, Choudhury et al. 1993,
Cong and Linh 2010, Jilna and John 2011), but
information regarding the effects of drugs is scarce.
No information is available on the impacts of
hydrocortisone on physiological as well as
haematological aspects in climbing perch. The
objective of this work is to study the effect of sub
lethal toxicity of hydrocortisone on opercular
frequency, oxygen consumption; haematology and
determination of bone calcium level of A. testudineus
using certain biomarkers.

MATERIALS AND METHODS

Collection and maintenance of test animal

Live and healthy specimens of climbing perch
(Anabas testudineus) obtained from Keezhillum fish
farm, were used in the experiment. Average weight
of the fish was 20+£5 gm. Fish were put into
experimental aquarium for acclimatization at least
14 days before the beginning of the experiment.
During this period, water in the aquarium was aerated
permanently and water temperature was regulated
at 23+1°C by using thermostatic heaters. The fish
were fed with a locally manufactured fish food to
satiety, twice daily during the period of acclimation.
The aquarium water conditions like pH, dissolved
oxygen and hardness were analyzed weekly as per
the standard recommendations.

Sub lethal toxicity tests

The acclimatised fishes were exposed to two different
sub lethal concentrations (5 and 10 ml/L) of
hydrocortisone for different time intervals (100, 300
and 500 hr). The fishes were divided two groups as
control and treatment group. A control group is
simultaneously run along with the treated groups of
hydrocortisone. Each experiment was repeated six
times and more than 100 fishes were used for the
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study. The dosed fishes with different sub lethal
concentrations were maintained for different time
intervals for the stress analysis. The fishes were
regularly fed with fish food and the feeding was
stopped before two days prior to the experiment.

Oxygen consumption

The dosed fishes were blotted dry and weighed to
the nearest mg to calculate the metabolic rate. The
dissolved oxygen was estimated adopting Modified
Winkler Method (Strickland and Parsons 1972). The
oxygen consumed by the fish is expressed as ml/L/
min/gm. The breathing rate was checked periodically
from first minute to sixty minutes of exposure by
recording the opercular frequency with visual
counting and the average values were calculated.

Haematological studies

The fishes treated with different concentrations of
hydrocortisone were dissected out and blood is
collected directly from the heart with an insulin
syringe for the analysis of haematological
parameters. The collected blood is transferred to
heparinised vials and analysed. The red blood cells
were counted with the aid of standard
haemocytometer after diluting the blood with Dace’s
solution (Blaxhall and Daisley 1973). The estimation
of haemoglobin was done by the cyano-
methaemoglobin method (Larsen and Snieszko 1961)
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Figure 1. Ventilation rate in control and different
dosage of hydrocortisone after 100, 300 and 500
hrs of exposure on A. testudineus

Determination of bone calcium

The two sets of exposed fishes along with control
were used for the analysis of percentage of bone
calcium. The determination of bone calcium was
performed by the standard chemical analysis contains
two treatment methods. The treated bone powder
were volumetrically analysed (Huang 1989) by
atomic absorption spectroscopy (Eugien et al. 2014).

Statistical analysis

The experimental data obtained were analyzed using
Excel and SPSS. Students’‘t’ test was applied to
calculate the significance level of oxygen uptake
between the control and hydrocortisone exposed
fishes. The P value is less than 0.05, denotes that the
values were statistically different. Six samples for
each category were obligated for analysis. The
standard deviation and correlations were calculated
by using SPSS. The graphs were plotted using MS
Excel.

RESULTS AND DISCUSSION

Opercular frequency and oxygen consumption

The ventilation rate was directly proportional to the
dosage concentration at different time interval of
exposure. The documented rate of opercular
movement was found to be elevated in dosed fishes
with 5 ml/L and 10 ml/L hydrocortisone, when it was
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Figure 2. Oxygen consumption in control and dif-
ferent dosage of hydrocortisone after 100, 300 and

500 hrs of exposure on A. testudineus
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compared to the opercular rate of control fishes at
various hours (100, 300 and 500) of exposure. The
gill movement of control fishes at 100 hr of exposure
showed 60 per minute, whereas the dosed fishes (5
and 10 ml/L) exhibited 65.4 and 66.6 per minute after
the same period of exposure. The control fishes with
300 hr of exposure revealed a gill movement of about
58 per minute while both the treated groups with 5
and 10 ml/L dosage have gill movement of 63.6 and
66 per minute, respectively. The manifested rate of
opercular movement of control fishes at 500 hr of
exposure indicated a rate of 64 per minute, but in
both the dosed groups it was 64.6 and 65.6 per
minutes (5 and 10 ml/L). The dosed groups in both
300 and 500 hrs of exposure exhibits a decreased
rate of gill movements than the fishes treated with
hydrocortisone at 100 hr of exposure. Due to the
gradual accumulation of hydrocortisone, the dosed
fishes with increased time exposure showed
decreased rate of gill movement (Fig.1). The results
of oxygen consumption of Anabas testudineus
exposed to different concentration of hydrocortisone
were summarized in Figure 2. The oxygen uptake of
100 hr exposure in control was 1.3964 ml/L/min/
gm, in 5 ml/L it was 65.4 ml/L/min/gm and in 10 ml/
L it was 66.6 ml/L/min/gm. The control group with
300 hr of exposure showed an oxygen consumption
of 0.6158 ml/L/min/gm whereas both the treated
fishes have an oxygen consumption of 63.6 ml/L/
min/gm in Sml/L and 66 ml/L/min/gm in 10ml/L,
respectively. The consumption of oxygen with 500
hr of exposure indicated the values of 0.5712 ml/L/
min/gm in control, 64.6 ml/L/min/gm in Sml/L and
65.6 ml/L/min/gm in 10 ml/L. In control group, the
average rate of oxygen uptake gradually decreased
when the time of exposure reaches from 100 to 500
hours. Similarly the oxygen consumption of dosed
fishes exhibits declined rate when compared to
control as the exposure time goes on (Fig. 2).

By comprehensively examining the gill
movement that supported the fish to take more
aeration after the exposure of toxicant (drug), were
able to explain the detrimental effects of sub lethal
toxicity. Since the gills considered the main
respiratory organ in fishes, the alterations in gaseous
exchange is directly or indirectly depends on
toxicants accumulated in the water column. The
chemical properties of the changed water medium

will be reflected in animal’s ventilator activity
(Mushigeri 2003). Fishes exhibited drastic changes
on ventilatory movement in the initial phase and it
comes down towards the sub lethal level of toxicant
because of its direct accumulation (Patil et al. 2003).
The fishes revealed a decreased respiratory rate in
sub lethal medium as they were accommodate the
new chemical environment (Murthy 2013). The
significant increases of opercular movements in the
initial stage by the exposure of toxicants gradually
decreased because the fishes tried to compensate the
increased physiological activities under stressful
conditions (Shivakumar and David 2004). Such
respiratory distress because of the disfigurement of
oxidative metabolism has been clearly reported in
Tilapia mossambica under the stress of cypermethrin
(Marigoudar 2009). Similar report of fluctuated
ventilatory movements was observed in blue gill
sunfish under the chronic exposure of heavy metal
compounds and chlorinated hydrocarbon substances
(Diamond et al. 1990). Results obtained from the
present study clearly proved that the exposure of
hydrocortisone at sub lethal concentration provides
the decreased rate of oxygen consumption in
increased exposure time when compared to the
control groups. The main reason behind the reduced
oxygen consumption of the fish is due to the
weakened oxidative metabolism by the occurrence
of respiratory distress (Logaswamy and Remia 2009,
Marigoudar 2009).

Different studies were reported among various
toxicants on different fishes have the same
observation (Vani et al. 2020, Lokhande 2017, Vidya
et al. 2016). The exposure time of toxicant was
indirectly proportional to the rate of oxygen
consumption in Pseudetroplus maculates, under the
sub lethal toxicity of bisphenol due to the mucous
accumulation on the gill as well as the shrinkage of
the respiratory epithelium (Asifa et al. 2018). The
observation of a significant alteration in respiratory
rate and reduction of oxygen consumption in both
lethal and sub lethal concentration of sodium cyanide
is due to the impaired oxygen metabolism was
reported in Labeo rohita (David et al. 2015). The
correlation exists in between the rate of toxicant
uptake and the oxygen consumption of fishes without
considering the fish size and species were also
reported earlier (Yang et al. 2000). The altered
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respiratory activity of L. rohita with increased
exposure time of chromium may be due to the
depression in the metabolic rate (Vutukuru 2005).

The general well-being of the fish is determined
by the consumption of total oxygen as an indicator
in Cirrhinus mrigala and the increasing respiratory
activity mainly influenced by the sub lethal exposure
also (Veni and Veeraiah 2014). Similar findings were
reported in different fishes under exposure to
different toxicants (Prashanth et al. 2003, Magare
and Patil 2000, Susan et al. 2010, Neelima 2016,
Kumari and Rao 2018).

Haemoglobin and RBC count

The changes in haematological parameters of A.
testudineus exposed to control and different doses
of hydrocortisone have been summarized in Figure
3. The Hb count of control group was 10 Gm % at
100 hr, 300hr and 500 hr of exposure. The values of
Hb at S5ml/L exposure of hydrocortisone was 9.1, 9
and 8.2 Gm % under 100, 300 and 500 hr of exposure,
respectively. The dosed group with 10 ml/L of
hydrocortisone showed an Hb values of 9, 8.9 and 8
Gm % after 100, 300 and 500 hr of exposure. The
Hb concentration in both 5 ml/L and 10 ml/L
hydrocortisone decreased with increasing time of
exposure. The embodied data from the table revealed
that the gradual decreased value of Hb is depends
on both increasing concentration of drug as well as
the period of exposure in each dosage group. Hence
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Figure 3. Hb count in control and different dosage
of hydrocortisone after 100, 300 and 500 hrs of

exposure on A. testudineus

there was a significant negative correlation is existing
between dosage and haemoglobin count (P<0.05).
The changes in red blood corpuscles of A. testudineus
exposed to control and different doses of
hydrocortisone have been encapsulated and indicated
that the fishes were exposed to different
concentration exhibits decreased values as compared
to control fishes (Fig. 4). The RBC count of fishes
with controlled condition after 100 hr of exposure
was 11.79 million/cmm, while dosed fishes with
same condition exhibited the values of 11.05 and
10.51 million/cmm at 5 ml/L and 10ml/L
hydrocortisone, respectively. The decreased RBC
values of 10.69 million/cmm (5ml/L) and 10.22
million/cmm (10ml/L) at 300 hr of exposure was
recorded in the fishes, while the control treatment
fishes with the same hour of exposure maintained
the value 11.9 million/cmm. The treated fishes of
both the concentrations (5 and 10 ml/L) let out the
minimum values of 5.46 and 4.78 million/cmm after
500 hr of exposure, whereas the control group
showed a value of 11.79 million/cmm. A drastic
change of RBC value was noted after 500 hour of
exposure in both 5 ml/L (5.46 million/cmm) and 10
ml/L (4.78 million/cmm) of hydrocortisone. The
value of red blood corpuscles decreased with
increasing concentration of hydrocortisone shows a
significant difference exist in between both dosage
concentration as well as the value of red blood
corpuscles (P<0.05).
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Figure 4. RBC count in control and different dosage
of hydrocortisone after 100, 300 and 500 hrs of

exposure on A. testudineus
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The haematological responses of both RBC and
Hb concentration were decreased under the sub lethal
toxicity of hydrocortisone throughout the study
period. Similarly, a depletion of total RBC count in
the blood of common carp (Cyprinus carpio) when
exposed to clofibric acid and diclofenac (Saravanan
2011). The decreased counts of erythrocytes were
observed in Indian major carp under the toxic effect
of ibuprofen when compared to their respective
control groups (Saravanan et al. 2012). The
alterations in certain haematological parameters
between exposed and control group of various fishes
were analysed and the decreased levels of both RBC
and Hb were also observed (Umamaheswari et al.
2019, Nwani et al. 2016).A significant reduction (P
< 0.05) of RBC and Hb concentration among the
dosed fishes of L. rohita fingerlings were observed
under the exposure of N-acetyl-p-aminophenol
toxicity, the content of paracetamol drug (Renuka et
al. 2018). The C. carpio exhibited the decreased
erythrocytes counts were reported under the exposure
of carbamazepine (Rezaei et al. 2020). Nwani et al.
(2014) discussed the effects of different
concentration of chloramphenicol on blood
parameters and the significant reduction in the value
of Hb occurred in Clarias gariepinus.

The haematological study in the rain bow trout
revealed declined values of both Hb and RBC
parameters causes anaemia under the exposure of
verapamil (Li et al. 2011). The trending changes of
haematological parameters were observed with the
exposure of L. rohita in oxytetracycline showed a
significant reduction of RBC value as they were
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Figure 5. The value of bone calcium in control and
different dosage of hydrocortisone after 100, 300

and 500 hrs of exposure on A. testudineus

anaemic (Ambili et al. 2013).

Determination of bone calcium

The percentage of bone calcium obtained from A.
testudineus treated with different dosage of
hydrocortisone at different duration of exposure was
detailed in Figure 5. The average bone calcium level
at control group was 7.40 % in 100, 300 and 500
hours of exposure. Comparatively, the dosed groups
recorded lower level of calcium percentage in both
5 and 10 ml/L when the time of exposure goes on. In
Sml/L of hydrocortisone concentration, the average
value of calcium is in between 6.80 to 4 % as the
time of exposure increases from 100 to 500 hr.
Besides this, the dosed fishes with 10ml/L
hydrocortisone shows higher value (6.40 %) at 100
hour of exposure and it was gradually decreased to
4.60 and 3.00 % at 300 and 500 hour of exposure,
respectively (Fig. 5).

Regarding the sub lethal toxicity of
pharmaceutical drugs, there were no reports prior to
the present study, among the toxicity of fresh water
fishes in the aspects of bone calcium determination.
In this study, the treated groups of fishes with
hydrocortisone exhibited a decreased level of bone
calcium than the control groups as the time of
exposure increased and that tendency continuous
gradually till the end of the experiment. The earlier
studies had reported a decreased level of serum/
plasma calcium in treated fishes by the exposure of
different toxicants (Srivastav et al. 2009, Srivastav
etal. 2010, Alam et al. 2014) and also the impaired
bone metabolism is due to the low-dose or

occasionally administered glucocorticoid therapy
(Grober and Kisters 2012).

CONCLUSION

The findings behind the exposure of hydrocortisone
on major physiological parameters indicate that the
steroid drug, hydrocortisone is toxic to Anabas
testudineus, and even at low doses it can alter the
ventillatory, haematology and percentage of bone
calcium profiles of this fish. The values of oxygen
consumption, gill movement, haematological
parameters and bone calcium level exhibit a
decreased physiological activity when the exposure
time and the concentration of drug increased.
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Therefore, it is concluded that hydrocortisone at sub
lethal concentration can cause considerable
worsening of fish health status as well as its survival.
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