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Abstract The aim of this work is to present the pitfalls of management of newborns with 
neonatal withdrawal syndrome (NWS) of different forms, which were complicated 
with the presence of severe perinatal asphyxia. 
The authors present some case reports of asphyxiated newborns of different ges-
tational age with different forms of NWS.
Prenatal and perinatal asphyxia determines the prognosis of future development 
of newborn. The combination of the asphyxia and NWS is stressful not only for 
the patient, but also for the physician. The most important step in management 
of this group of patients is to know the detailed mother’s and patient’s history 
and to perform detailed physical investigation. The optimal prenatal, perinatal 
and postnatal management with good cooperation between gynecologist and 
neonatologist can improve the quality of newborn’s life. Care of newborn requires 
all the time teamwork. 

Abbreviations
NWS - neonatal withdrawal syndrome

INTRODUCTION
The quality of newborn’s life is under strong influ-
ence of many prenatal and perinatal factors. Some-
times we can change or diminished their influence 
(nutrition of the mother, illness, drugs, abuses, 
method of delivery, management after delivery, 
etc.). Some of them are not changeable (genetic 
predisposition, function of placenta, etc.) (Bruck-
nerová 2014). Spectrum of complications depends 

on gestational age, nutritional status, intensity of 
duration of risk factor, as well as on perinatal, and 
postnatal management.

Asphyxia is still the most frequent complica-
tion in newborn just behind prenatal infections. 
The newborn who is not breathing within 30 sec-
onds after birth, or if a regular rhythmic breathing 
activity is not present within 90 seconds of life, 
is considered asphyxiated. Asphyxia is a condi-
tion in which the body is subjected to a time of 
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foetal hypoxia and/or reduces tissue perfusion. When 
the imbalance between the total amount of antioxidants 
and free radicals is presented, the oxidative stress is 
activated (Brucknerová et al. 2005a,b; Tsukahara 2007). 
Complications are due to hypoxaemia, ischaemia and 
later to injury caused by reperfusion and reoxygen-
ation. Consequences of asphyxia depend on several 
factors (intensity, duration of the influence of “asphyxi-
ated impulse”, gestational age of the foetus, quantity of 
antioxidant substances in the newborn, level of first 
neonatal treatment provided, i. e. resuscitation, after-
care of the newborn). A more precise characteristic of 
the newborn’s status is obtained using Apgar scoring 
system (Brucknerová et al. 2012; Brucknerová 2014).

Neonatal withdrawal syndrome (NWS) is mostly 
present in term newborn of mother who was depen-
dent on addictive substances during pregnancy. Some 
hours after birth, typical neurological symptomatology 
appears (Brucknerová 2014). Clinical manifestation of 
NWS may be presented after several hours of life up to 2 
weeks (narcotics: heroin 1–144 hours, methadone 1–14 
days, morphine 1–7 days; sedatives: barbiturates 1–14 
days, diazepam 2–6 hours) (Kliegman et al. 2011). The 
most clinical manifestations are neurological symp-
toms (neuromuscular irritability; tremors; restlessness, 
which increases during investigation of the newborn; 
hypertonicity; exaggerated Moro reflex; high-pitched 
cry), respiratory symptoms (apnoea; dyspnoea; tachy-
pnoea), gastrointestinal symptoms (problem with food 
intake due to impaired coordination of swallowing; 
distractibility; vomiting; increased frequency of stools) 
and others (sweating; yawning; increasing of body tem-
perature; skin abrasions; self skin injury). The onset of 
clinical manifestations depends on the type and dose 
of addictive substances, on the length, the time interval 
between the last dose and delivery, from combination of 
drugs as well as on the maturity of newborn. The pres-
ence of clinical consequences is confirmation of trans-
port of the drug through placenta (Brucknerová 2015).

Side effects are different (of nicotine abuse – prena-
tal hypotrophy and prematurity; of opiates – prema-
turity, prenatal growth retardation and microcephaly; 
of cocaine and amphetamines – congenital anomalies 
of heart, kidneys and brain; of barbiturates – hyper-
tonicity, problems with food intake and irritability; of 
benzodiazepines – congenital anomalies of the heart, 
decreased metabolism, clefts; of antidepressants – irri-
tability, hypertonicity, high-pitched cry; of alcohol 
abuse in pregnant mother – foetal alcohol syndrome, 
etc.) (Schaefer et al. 2014).

For indirect confirmation of drug abuse in newborn 
of the mother who was dependent on addictive sub-
stances we can use various scoring schemes (Finnegan’s 
score) and for direct confirmation we can use urine, 
blood and hair. 

Treatment consists of some rules which are quiet, 
dark and thermoneutral environment, minimal han-
dling, optimal position and medicamentous treatment. 

CASE REPORTS
Patient 1
The child is from the second risk pregnancy. Mother (30 
years old) was positive for hepatitis C and syphilis. She 
has a long lasting abuse of heroin. During pregnancy 
she was treated with methadone (10 mL per os.day–1). 
The delivery was in the 39th week of gestation, sponta-
neously (birth weight 3,650 grams; birth length 52 cm; 
the value of Apgar score 3/7). During the birth mother 
did not cooperate with obstetrician. During the delivery 
problems with giving newborn´s arms and right hand 
were present. The newborn after delivery was atonic, 
bradycardic and without signs of spontaneous breath-
ing activity. He was resuscitated.

From the first day of life the newborn had signs of 
neonatal withdrawal syndrome (irritability, increased 
muscle tonus, cry, and problems with feeding). Due 
to development of NWS we started therapy with mor-
phine syrup (45 days in orally form). Blood count, bio-
chemical parameters and serology (hepatitis A, B, C, 
HIV, toxoplasmosis, herpes virus simplex and zoster, 
cytomegalovirus, rubella, syphilis) were negative. His 
neurological status confirmed the persistency of neu-
romuscular irritability and increases muscle tonus. 
Ultrasound of the brain was negative. Based on social 
investigation of the family we could send him back to 
his family. Final diagnoses were Neonatal withdrawal 
syndrome (methadone) and Perinatal asphyxia.

Patient 2
The child is from the first pregnancy of hepatitis C 
positive 30 years old mother, who had abuse of heroin 
and the last 6 months of pregnancy she was treated 
with methadone. Daily she smoked 40 cigarettes. The 
delivery was in 37th week of gestation, spontaneously, 
by head position, the value of Apgar score was 5/9 
points, and birth weight was 2,850 grams. During the 
second phase of delivery the mother did not cooperate 
with the obstetrician. The newborn had the umbilical 
cord wrapped around the neck. After birth resuscitation 
of the newborn was started because of development 
of cyanosis, grunting and signs of respiratory insuffi-
ciency. The newborn had a severe stagnating cyanosis 
on the face.

At the time of admission he had nasal continuous 
positive airway pressure ventilation, gradually con-
sumption of oxygen has increased, more severe was the 
bradypnoea, that’s why the newborn was intubated and 
further ventilated. On thorax X-ray we confirmed the 
small right-sided pneumothorax.

Due to development of NWS we started with the 
therapy of morphine syrup (45 days in orally form), 
in combination with phenobarbital (2–5 mg.kg–1) and 
chloral hydrate (10–50 mg.kg–1). Up to social investiga-
tion the child was given back to family. Final diagnoses 
were Neonatal withdrawal syndrome (methadone) and 
Perinatal asphyxia.
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Patient 3
The child is from the first pregnancy, delivery was 
in term in head position (birth weight 3,500 grams, birth 
length 52 cm, value of Apgar score 3/6 points). During 
the second phase of delivery the alteration of the heart 
beats was presented. The using of forceps was indicated 
due to not progressing labour. Amniotic fluid was 
greenish and mushy. The newborn was very atonic after 
delivery; from the respiratory airways the thick amni-
otic fluid was aspirated. The respiratory insufficiency 
was immediately treated using surfactant, inhalation of 
100% oxygen, NO and high frequency ventilation (31 
days). Hemodynamic instability required continuous 
inotropic treatment (dopamine, dobutamine; 13 days) 
and continuous intravenous morphine sedation. Due 
to development of iatrogenic NWS after interruption 
of morphine sedation we started orally therapy of mor-
phine syrup for 10 days. Neurological investigation at 
the end of patient’s stay at hospital confirmed increased 
neuromuscular reactivity. Final diagnoses were Neona-
tal iatrogenic withdrawal syndrome and Prenatal and 
perinatal asphyxia.

Patient 4
The child is from the first risk pregnancy. The mother 
(26 years old) had before pregnancy a  long lasting 
abuse of heroin, and during the whole pregnancy she 
has had a long lasting treatment with methadone. The 
delivery was in the 36th week of gestation (caesarean 
section) due to prenatally confirmed gastroschisis, poor 
blood perfusion through placenta and growth retarda-
tion. The birth weight was 1,700 grams, amniotic fluid 
was greenish. Value of Apgar scoring system was 3/5. 
The newborn was resuscitated immediately after birth 
due to symptoms of respiratory insufficiency. Due to 
congenital anomaly of gastrointestinal tract the child 
underwent surgery of intestine (resection of terminal 
ileum together with coecum; ileocolonoanastomosis 
according to Bishop-Coop with opened enterostomy) 
during the 1st day of life. Clinical status was compli-
cated by development of NWS. Sonography of the brain 
was negative. Neurological investigation confirmed 
irritability and increased neuromuscular reactivity. The 
newborn was treated with phenobarbital (2–5 mg.kg–1). 
Final diagnoses were Neonatal withdrawal syndrome 
(methadone) and Prenatal and perinatal asphyxia.

Patient 5
The 25-years old mother had a long lasting abuse of 
heroin before pregnancy, and during pregnancy she 
was treated with methadone. She was hepatitis C posi-
tive. The course of pregnancy was not checked regu-
larly. Delivery was in the 38th week of gestation (birth 
weight was 3,520 grams, birth length 54 cm, values of 
Apgar score was 1/2 points) extra muros. Rapid health 
care found cyanotic newborn lying on placenta with-
out ligation of umbilical cord. He had immediately 
cardiopulmonary resuscitation. Then he was admitted 

to our Neonatal department at the age of 30 minutes. 
The patient was hypotonic, apathetic, with poorly pre-
sented neonatal reflexes, but with prominent tremor 
activity. Respiratory effort was irregular with the ten-
dency to apnoea. Blood pressure was stabilized, but 
combined with bradycardia. The biggest problem was 
that we were not able to distinguish between presenta-
tion of withdrawal syndrome and severe neurological 
damage. The controlled hibernation was indicated for 
72 hours. During hibernation the patient was venti-
lated and had sedation. When we finished on 5th day 
of life an intensive treatment, we continued due to 
presence of NWS with morphine syrup (33 days). On 
the 38th day of life we finished this treatment accord-
ing to values of Finnegan score. Screening investiga-
tion of drugs in urine confirmed negative results for 
methadone, positive confirmation of opiates, barbitu-
rates and benzodiazepines. Neurological investigation 
at the end of patient´s stay at hospital confirmed the 
hypertonicity of muscles with mild tremor of extremi-
ties during handling, ultrasound of the brain did not 
confirm any pathology. The child is followed by out-
patient neurological department. Final diagnoses were 
Neonatal withdrawal syndrome (methadone) and Peri-
natal asphyxia of severe degree.

DISCUSSION
Asphyxia has many reasons. Some of them are well 
known and some of them are unknown. Sometimes we 
can only assume the presence of prenatal or perinatal 
asphyxia due to indirect postnatal findings (Bruck-
nerová & Ujházy 2014). Neonatal withdrawal syndrome 
can sometimes be present with the presence of prenatal 
hypotrophy of the foetus, rarely with premature deliv-
ery. Neonatal withdrawal syndrome has its typical post-
natal presentations. 

The combination of these two serious diagnoses is 
stressful not only for the patient, but also for the phy-
sician. The most important step in management of 
patient is to know the detailed patient’s history (preg-
nancy, mother, abuses, delivery, and gestational age 
of the newborn and postnatal phase of adaptation) 
focused on asphyxia and drug abuse.

The physical investigation can only confirm the wide 
variability of clinical symptoms, which can mask pres-
ence of severe neurological damage of the newborn.

Common aim of treatment of newborn after 
asphyxia in combination with development of NWS is 
neuroprotection therapy. The most important points 
are to obtain stability of the internal environment and 
haemostasis, to minimize the influence of environmen-
tal factors, to regulate the body temperature within 
the recommended range (managed, controlled, short-
termed hibernation), to have normoxaemias when 
giving only the necessary amount of oxygen, and in 
the presence of seizure activity (Electroencephalogram 
monitoring) to use anticonvulsant therapy (Guidelines 
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for management of Infants with Suspected Hypoxic 
Ischaemic Encephalopathy 2011; Cavallaro et al. 2013).

Treatment of the newborn with neonatal withdrawal 
syndrome can be nonpharmacological (thermoneu-
tral environment, darkness, minimal handling, opti-
mal position) and pharmacological (morphine syrup; 
buprenorphine; phenobarbital) (Kandall et al. 1999; 
Kakko et al. 2008; Kimberly et al. 2012; Selby & Turner 
2012). An integral part of therapy is monitoring of vital 
functions (heart rate and breathing frequency, blood 
oxygen saturations, blood pressure and body tempera-
ture) as well as to check the urinary output. 

In presented case reports we tried to describe dif-
ferent patients and present individual attitude in their 
treatment. The future is opened for new specific drugs 
in treatment of asphyxia. Various biomodels, model 
situations in animals, results of methods for measuring 
biomarkers in peripheral blood will help us not only to 
explain and understand many postashyxiated changes, 
but also bring us new possibility in treatment (Dubo-
vický et al. 2008; Ujházy et al. 2008; Adamovsky et al. 
2013; Chromcova et al. 2013; Balcerczyk et al. 2014; 
Gasparova et al. 2014; Sedláčková et al. 2014; Szychta 
et al. 2014).

CONCLUSION
Asphyxia (prenatal, perinatal, and postnatal) is a syn-
drome, which can significantly affect quality of future 
development of the newborn. Neonatal withdrawal syn-
drome can also complicate not only prenatal period of 
development, but also the process of postnatal adaptation 
as well as the quality of life. Some time the consequence 
of intensive treatment can cause development of iatro-
genic abstinence syndrome. Common aim of treatment 
of newborn after asphyxia in combination with devel-
opment of NWS is effective neuroprotection therapy.

With the good cooperation among gynecologist and 
neonatologist, as well as with the optimal prenatal, peri-
natal and postnatal management we can improve the 
quality of newborn´s life. 
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Abstract OBJECTIVES: Under environmental conditions, fish are simultaneously exposed 
to multiple stressors. This study provides new knowledge on the effects of con-
trolled exposure to multiple stressors, namely cyanobacterial biomass and food 
contaminated with arsenic. 
METHODS: Rainbow trout were divided into six groups of 25 fish and exposed to 
different contaminant combinations for 30 days: 1) control group, 2) cyanobacte-
rial biomass, 3 & 4) two groups exposed to arsenic at concentrations of 5 mg.kg–1 
and 50 mg.kg–1 fish feed, and 5 & 6) two groups exposed to cyanobacterial bio-
mass and arsenic combined. We then evaluated pathological, haematological and 
immunological parameters at 10, 20 and 30 days after exposure. 
RESULTS: Marked gross pathological findings were present in groups exposed 
to arsenic and arsenic/cyanobacteria after 30 days. A strong decrease in haemo-
globin concentration was observed in all experimental groups receiving arsenic 
after 10 days exposure. Total leukocyte count increased markedly in fish exposed 
to cyanobacterial biomass, and to higher arsenic concentrations by the end of the 
experiment. Neutrophils decreased significantly at the end of exposure. Similarly, 
exposure to cyanobacteria and/or arsenic led to suppression of opsonised zymo-
san particle-induced neutrophil respiratory bursts.
CONCLUSIONS: Our results demonstrate that the effects of exposure to toxic 
cyanobacterial biomass and arsenic on fish are enhanced when the contaminants 
are combined. In particular, long-term exposure led to disturbances in the white 
blood-cell count. Modulation of phagocytosis, which is the first line of defence 
against invading pathogens, suggests that the combined action leads to a decreased 
ability to control infection. 
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Abbreviations
ANOVA  - analysis of variance
As  - arsenic
As 5; As 50  - groups fed with addition of arsenic
B  - group fed with addition of cyanobacterial biomass
B + As 5  - group with combined feeding
B + As 50  - group with combined feeding
C  - control group
CL  - chemiluminescence
DW  - dry weight
HPLC  - high performance liquid chromatography
LC-MS/MS  - liquid chromatography with double mass 
spectrometry
MC, MCs  - microcystin, microcystins
MC LR  - microcystin LR
MC RR  - microcystin RR
MC YR  - microcystin YR
MCH  - mean corpuscular haemoglobin
MCHC  - mean corpuscular haemoglobin concentration
MCV  - mean corpuscular volume
MRM  - multiple reaction monitoring mode
PCV  - packed cell volume - haematocrit
RBC  - red blood cell count
SVC  - spring viraemia of carp
t10, t20, t30 - 10, 20, 30 days after start of the experiment
OZP  - opsonised zymosan particles

INTRODUCTION
Cyanobacterial toxins are amongst the most common 
negative factors affecting fish. Cyanobacteria, also 
known as blue-green algae, are natural components of 
marine and freshwater bacteria and occur worldwide. 
Under favourable eutrophic conditions (i.e. calm water, 
high temperatures and an abundance of nutrients), they 
often form huge blooms. Such cyanobacterial over-
growths constitute a real health risk as the toxins pro-
duced by cyanobacteria can exert a variety of adverse 
effects on human and animal health (e.g. Carbis et al. 
1997; Dawson 1998). Microcystins are amongst the 
most common cyanobacterial toxins, and hence are the 
most studied group (Welker & von Dohren 2006).

Microcystins produce a range of adverse effects on 
both terrestrial and aquatic organisms (Palíková et al. 
1998, 2004; Pikula et al. 2010; Paskova et al. 2011; Ond-
racek et al. 2012; Adamovsky et al. 2013; Palikova et al. 
2013). In fish, microcystins are directly consumed with 
cyanobacteria. Microcystins are also released into the 
water following the death and decay of cyanobacterial 
biomass, therefore, they can also enter the fish’s body 
through the gills (Sieroslawska et al. 2012). Thus, even 
predaceous fish, which do not normally consume plant 
matter, are unceasingly exposed to microcystins during 
the occurrence of cyanobacterial blooms. Moreover, 
microcystins can persist in fish tissue and be passed on 
through the food chain (Kopp et al. 2013). 

Arsenic is one of the most toxic environmental con-
taminants. In the aquatic environment, it occurs both 
naturally, from geological sources, and as a result of 
human activity (Bhattacharya et al. 2007). Arsenic is 
readily accumulated in the tissues of marine fish and 
other marine organisms (e.g. Zhang et al. 2011; Ruttens 

et al. 2012). Freshwater fish can face high arsenic expo-
sures when fed commercial feed mixtures containing 
marine fish meal. In the Czech Republic, the arsenic 
content in complete fish feed is limited to 6 mg.kg–1 
under Czech Decree No. 356/2008 on feedstuffs. 

It is already known that the toxic effect of a substance 
can be modified through simultaneous exposure to other 
agents and that combined exposure to multiple toxins 
often has a different result than would be expected from 
simply adding the effects of the individual components 
(Silins & Högberg 2011). This also applies to cyanobac-
terial toxins, as shown by our previous work (Palikova 
et al. 2012) on the combined exposure of carp (Cyprinus 
carpio L.) to cyanobacterial biomass and the white spot 
disease agent, which had an additive effect on the fish’s 
immune system. While the individual agents appeared 
to stimulate an immune response, the combination of 
both caused immunosuppression (i.e. a decrease in 
leukocyte count and the intensity of phagocytic activity 
along with a non-significant decrease in total immuno-
globulin level). On the other hand, combined exposure 
to cyanobacteria and SVC virus led to stimulation of 
the specific immune response in carp, apparently due 
to optimal water temperatures. This process probably 
plays an important role in accumulation of toxins in 
the hepatopancreas, as well as their elimination (Sou-
kupová et al. 2014). Kopp et al. (2014) has shown that 
co-exposure to arsenic and cyanobacteria can lead to 
either a significant decrease or increase in electrolytes 
in rainbow trout. While studying combined exposure 
of cyanobacterial biomass, lead and Newcastle virus in 
Japanese quail (Coturnix coturnix japonica), Pikula et 
al. (2010) observed no mortality and no clinical signs 
of toxicity exposed to cyanobacterial biomass alone, 
but mortality following combined exposure, with acute 
effects observed around 10 days after exposure. 

In this work, we examine the effect of combined 
exposure of cyanobacteria and inorganic arsenic (5+) 
on haematological and immunological parameters of 
rainbow trout (Oncorhynchus mykiss W.). The aim of 
this study was to test the hypothesis that both stressors 
could combine, enhancing their effect on fish.

MATERIALS AND METHODS
Fish
All rainbow trout for this experiment (average weight 
288±59 g) were obtained from the Skalní Mlýn com-
mercial fishery, Czech Republic. The fish were divided 
into six experimental groups (see below) and each 
group was placed into individual 1 m3 tanks with their 
own recirculation systems. These tanks were kept under 
controlled light and temperature conditions throughout 
the experiment. Water temperature, pH and oxygen sat-
uration were monitored every day and were as follows: 
temperature 15.4±0.5 °C, oxygen saturation 89.0±2.2%, 
pH 8.20±0.14. The fish were left to acclimatise for 
20 days prior to the start of the experiment. 
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Experimental design
Fish were divided into six groups of 25 fish each. A 
control group (C) was fed with EFICO Enviro 920 
commercial complete food (Biomar, Denmark), which 
contained arsenic at trace levels (1.55 mg.kg–1) below 
the maximum allowable limits. Five experimental 
groups each received the same food but with the addi-
tion of 1) 3% lyophilised cyanobacterial biomass (B), 
2) arsenic at 5 mg.kg–1 (As 5), 3) arsenic at 50 mg.kg–1 
(As 50), and 4) & 5) a combination of cyanobacterial 
biomass and arsenic at B + As 5 and B + As 50. Fish 
were fed twice a day for 30 days at 0.8% of fish weight 
for the first 10 days and then at 1% of fish weight from 
then on (experimental design and daily doses of arsenic 
and microcystins are provided in Table 1). 

Cyanobacteria and arsenic exposure
Cyanobacterial biomass (identified microscopically as 
a monoculture of Microcystis aeruginosa) was obtained 
from ponds of the Pohořelice Fishery, Czech Republic. 
The cyanobacterial biomass was lyophilised and stored 
at –20 °C for further use. Microcystin concentration 
was measured using a modified LC-MS/MS method 
according to Kohoutek et al. (2010). The microcystins 
present were identified as MC-RR (1462.4 μg.g–1 DW), 
MC-LR (1087.9 μg.g–1 DW), MC YR (95.9 μg.g–1 DW) 
and unidentified (51.7 μg.g–1 DW). Total microcystin 
concentration was 2697.9 μg.g–1 DW; hence 3% of cya-
nobacterial biomass added to the feed corresponded to 
81 mg MCs.kg–1 feed (Table 1).

A standardised arsenic solution (Astasol, Analy-
tika Praha, Czech Republic) was used for preparation 
of arsenic-contaminated food, with the stock solution 
containing 1.000±0.002 g.L–1 As5+ in 2% nitric acid. 

Fish sampling
Seven fish from each group were sampled after 10, 20 
and 30 days of exposure. Blood samples (2 mL) were 
taken by cardiac puncture using heparinised syringes. 
The fish were then sacrificed by stunning with a blow 
to the back of the head followed by spinal cord transac-
tion. Each fish was dissected and pathological changes 
evaluated (see below). The heparinised blood was 

used for evaluation of haematological parameters and 
phagocyte activity. 

All experiments were performed in compliance with 
Czech laws for the protection of animals against cruelty 
(Act No 246/1992 and amendments), as approved by 
the Ethical Committee of the University of Veterinary 
and Pharmaceutical Sciences, Brno, Czech Republic.

Haematological parameters, plasma iron 
and phagocyte activity analysis
Red and white blood cell counts, haematocrit values, 
haemoglobin concentration and mean corpuscular 
haemoglobin (MCH), mean corpuscular haemoglobin 
concentration (MCHC) and mean corpuscular volume 
(MCV) were assessed according to Svobodová et al. 
(2012). Blood smears were stained using May-Grün-
wald and Giemsa-Romanowski stains. Two hundred 
leukocytes were counted for each smear and classified 
as neutrophils, lymphocytes and monocytes. Phagocyte 
activity (OZP-induced respiratory burst of neutrophils) 
was measured by luminol-enhanced chemilumi-
nescence using the modified method of Kubala et al. 
(1996). Iron (Fe) was determined photometrically with 
ferene (ferroin-type reagent) without deproteination 
(Higgins 1981). 

Statistical analysis
All statistical analyses were performed using Statistica 
for Windows® 7.0 (StatSoft, Tulsa, OK, USA). Data were 
evaluated using ANOVA and post-hoc analysis using 
the least significant difference test. 

RESULTS 
Pathological changes
No mortality was observed in experimental fish over 
the entire 30 day exposure period. Furthermore, no 
macroscopic pathological changes were observed over 
the first 10 and 20 days. After 30 days exposure, how-
ever, marked pathological changes were observed, espe-
cially in fish co-exposed to cyanobacteria and arsenic. 
Of the seven fish in the B + As 5 group, one had an 
enlarged spleen, two showed gill haemorrhaging and 

Tab. 1. Experimental design. Microcystin and arsenic levels in feed and daily dose (first 10 days/following 20 days) of microcystins and 
arsenic in individual experimental groups.

Group
Microcystins in feed 

(mg.kg–1)
Microcystin daily dose 
(mg.kg–1 fish weight) 

Arsenic in feed 
(mg.kg–1)

Arsenic daily dose 
(mg.kg–1 fish weight) 

C – – – –

B 81 0.65/0.81 – –

As 5 – – 5 0.04/0.05

As 50 – – 50 0.4/0.5

B + As 5 81 0.65/0.81 5 0.04/0.05

B + As 50 81 0.65/0.81 50 0.4/0.5
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three liver haemorrhaging. In the As 50 group, five 
showed gill haemorrhaging, one focal gill necrosis and 
two liver haemorrhaging. Pathological changes were 
even more pronounced in the B + As 50 group, with all 
seven fish displaying gill haemorrhaging. In addition, 
one displayed focal gill necrosis, four liver haemorrhag-
ing and three an enlarged spleen.

Haematological parameters and plasma iron
No significant changes were observed in erythrocyte 
count or haematocrit values after 10 days exposure. 
There was, however, a strong decrease in haemoglobin 
concentration, with MCH and MCHC observed in all 
experimental groups receiving arsenic (Table 2). Inter-
estingly, these changes were no longer recorded after 20 
and 30 days exposure (Table 3 and 4). Iron concentra-
tions decreased significantly after 20 days exposure in 
the B + As 50 group, and in the As 5, B + As 5 and B+ As 

50 groups after 30 days (Table 5). Total leukocyte counts 
increased markedly in group B + As 50 after 30 days 
due to a decrease in neutrophil count, which affected 
the lymphocytes. Indeed, neutrophils decreased sig-
nificantly against the control in all experimental groups 
except for As 50 (Figure 1). 

Phagocyte activity (OZP-induced 
respiratory burst of neutrophils)
Thirty days exposure to cyanobacteria and/or arsenic 
led to a clear suppression in OZP-induced respira-
tory bursts of neutrophils. This was most pronounced 
in the B + As 50 group (p=0.003; Figure 2). A similar 
trend was observed after 20 days exposure but with 
no statistical significance. Interestingly, when the 
chemiluminescence signal was normalised to 1*109 
neutrophils, arsenic stimulated a respiratory burst at 
5 mg.kg–1 (As 5), though not at a statistically significant 

Tab. 2. Selected haematological parameters for trout after 10 days exposure (mean ± standard deviation, N=7). 

haematological 
parameters

C B As 5 As 50 B + As 5 B + As 50

Hb (g.L–1) 115.0±35.6 104.4±34.1 69.3±18.1** 78.4±12.2* 73.9±5.5** 70.9±14.3**

MCH (pg) 90.5±32.4 83.2±29.4 54.7±12.3* 78.1±21.4 55.4±9.5* 60.7±12.5*

MCHC (L.L–1) 0.38±0.08 0.27±0.08 0.20±0.05* 0.23±0.04* 0.19±0.03** 0.18±0.04**

Asterisks indicate statistically significant changes compared to the control at p<0.01 (**) and p<0.05 (*). 

Tab. 3. Selected haematological parameters for trout after 20 days exposure (mean ± standard deviation, N=7). 

haematological 
parameters

C B As 5 As 50 B + As 5 B + As 50

Hb (g.L–1) 89.4±15.6 82.1±13.6 82.0±6.6 84.1±6.6 80.5±9.1 85.1±13.9

MCH (pg) 72.5±11.2 65.7±16.5 65.9±11.5 70.0±13.2 62.7±13.3 77.8±25.8

MCHC (L.L–1) 0.22±0.04 0.22±0.04 0.21±0.04 0.24±0.03 0.19±0.03 0.24±0.07

Tab. 4. Selected haematological parameters for trout after 30 days exposure (mean ± standard deviation, N=7). 

haematological 
parameters

C B As 5 As 50 B + As 5 B + As 50

Hb (g.L–1) 85.1±13.9 75.4±5.5 94.8±14.3 86.7±11.7 79.8±12.4 85.1±9.7

MCH (pg) 69.1±18.0 63.0±8.9 77.6±18.3 69.0±13.3 61.9±13.6 64.0±14.3

MCHC (L.L–1) 0.16±0.04 0.16±0.03 0.22±0.05* 0.18±0.03* 0.17±0.03* 0.18±0.03*

Asterisks indicate statistically significant changes compared to the control at p<0.05 (*).

Tab. 5. Plasma iron levels (μmol. L-1) after 10, 20 and 30 days exposure (mean ± standard deviation, N=7).

Days exposure C B As 5 As 50 B+As 5 B+As 50

t 10 21.3±4.0 25.5±1.3 23.4±8.3 24.3±7.6 22.2±3.6 20.8±1.3

t 20 22.6±1.0 24.0±3.2 20.7±4.2 21.4±6.2 23.9±1.3 15.9±2.5*

t 30 25.4±2.2 20.6±4.3 19.7±2.3* 23.48±3.0 18.9±5.2* 19.8±1.4*

Asterisks indicate statistically significant changes compared to the control at p<0.01 (**) and p<0.05 (*).
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level (Figure 3). Cyanobacteria and arsenic had no sig-
nificant effect on OZP-induced respiratory burst after 
10 days exposure.

DISCUSSION
In fish, haematological parameters can be affected 
by many factors, including toxins (Palíková et al. 
2010; Kopp et al. 2011). As disturbances in the com-
plete blood count occur early, usually long before any 
clinical and histopathological changes, haematological 
examination can be useful when evaluating toxic effects 
(Benarjee et al. 2010). In the present study, pathological 
changes were observed after 30 days exposure yet the 
first haematological disturbances occurred after just 10 
days, with the most marked changes being a decrease 
in haemoglobin accompanied by decreased MCH and 
MCHC. In this case, there was no significant difference 
between experimental groups when cyanobacteria and 
arsenic were taken simultaneously. 

In humans, chronic arsenic poisoning almost always 
results in anaemia (Guha Mazumder 2008), usually 
in the form of normocytic normochromous anaemia 
caused by haemolysis (Lee et al. 2004) or suppression 
of erythropoiesis (Subcommittee on Arsenic in Drink-
ing Water 1999). Erythrocyte counts were unchanged 
in our experimental fish and no signs of haemolysis 
were observed. Based on the results of the complete 
blood count, the anaemia observed in our experimental 
fish could be classified as normocytic hypochromous 
anaemia, which is most frequently caused by a lack of 
iron due to low iron intake or high iron loss. Loss of 
iron through the gastrointestinal tract (bleeding) was 
excluded in the present study, despite gastrointesti-
nal bleeding being associated with arsenic poisoning 
(Ratnaike 2003). Similarly, no signs of bleeding and no 
defects in the gastrointestinal mucosa were observed 
after 10 days. Moreover, we observed no significant 
decrease in plasma iron levels after 10 days. Interest-
ingly, we did not observe any hypochromous anae-
mia following prolonged exposure for 20 and 30 days, 
despite a decrease in plasma iron levels in most groups 
receiving arsenic. These results imply an increase in 
the consumption of iron, necessary for the recovery of 
haemoglobin levels. While our fish were all fed using a 
complete commercial feed with a balanced content of 
nutrients and minerals, it is possible that iron intake 
was not sufficient to fulfil demand during increased 
erythrocyte turnover. The enlarged spleens found 
after 20 and 30 days makes an increase in erythrocyte 
turnover highly plausible. Another possible cause of 
hypochromous anaemia is some form of disturbance to 
haemosynthesis. In humans, arsenic has been shown to 
affect more than 200 different enzymes (Subcommittee 
on Arsenic in Drinking Water 1999), including those 
involved in haemosynthesis. Haemosynthesis suppres-
sion is unlikely in our experimental fish as hypochro-
mous anaemia was not observed at later dates (i.e. after 

 

 

 

Fig. 1. Mean white blood cell counts after 30 days exposure. 
Statistically significant changes compared to the control 
(p<0.05) are marked with asterisks.

Fig. 2. Phagocyte kinetic activity. OZP-induced chemiluminescence 
(CL) expressed in relative luminescence units (RLU) following 30 
days exposure. Each curve represents the calculated mean for 
seven experimental fish.

Fig. 3. Phagocyte kinetic activity. OZP-induced chemiluminescence 
(CL) expressed in relative luminescence units (RLU) and corrected 
to 1*109 neutrophils following 30 days exposure. Each curve 
represents the calculated mean for seven experimental fi sh.
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20 and 30 days). Although all haematological abnor-
malities associated with arsenic poisoning have been 
shown to be reversible (Subcommittee on Arsenic in 
Drinking Water 1999), recovery always requires cessa-
tion of arsenic intake. 

Leucopenia is also a common finding associated 
with chronic arsenic poisoning (Islam et al. 2004). In 
this experiment, severe neutropenia developed in all 
arsenic-treated fish after 30 days exposure. Neutrope-
nia from arsenic intake was aggravated by a simulta-
neous intake of cyanobacterial biomass. It came as no 
surprise that phagocyte activity (i.e. respiratory burst) 
was also decreased in this case. Such an arsenic-induced 
decrease in respiratory burst was also described by 
Nayak et al. (2007), though the authors took no account 
of the actual amount of neutrophils present in the blood 
in their study. In our work, correction of chemilumi-
nescence signal to 1*109 neutrophils revealed that the 
decrease in phagocyte activity was caused by neutrope-
nia only, neither arsenic nor cyanobacteria really inhib-
ited respiratory burst. In our study, the stimulatory 
trend in neutrophil response to OZP was even observed 
in the As 5 experimental group. This is consistent with 
the results of Guardiola et al. (2013) who used equa-
ble amounts of leukocytes and observed that arsenic 
enhanced both respiratory burst and phagocytic activ-
ity. Our results indicate that 5 mg.kg–1 arsenic stimu-
lated a respiratory burst (though at a non-significant 
level) but that the combination with severe neutropenia 
resulted in a decreased chemiluminescence signal. The 
actual consequence for live fish, therefore, was immu-
nosuppression. Simultaneous intake of cyanobacterial 
biomass enhanced the effect of arsenic on respiratory 
burst, implying either an additive or slight potentiating 
effect of these two agents. 

Lymphocyte count was also affected by co-exposure 
to arsenic and cyanobacteria. Although arsenic alone 
caused mild non-significant lymphocytosis, co-expo-
sure to cyanobacteria and 50 mg.kg–1 arsenic caused 
a marked increase in lymphocyte counts after 30 days. 
Several authors have previously described the effect of 
arsenic on lymphocyte count. For example, the work of 
Islam et al. (2004) revealed neutropenia and lymphocy-
tosis in humans chronically exposed to arsenic. On the 
other hand, others have observed lymphocyte depletion 
in animal species exposed to arsenic, e.g. the walking 
catfish (Clarias batrachus) (Ghosh et al. 2006), rainbow 
trout (Kotsanis et al. 2004) and Bengal goat (Islam et 
al. 2011). These discrepancies probably result from dif-
ferences in arsenic dose, form of intake and length of 
exposure, as well as species-related differences in sensi-
tivity to arsenic burden. 

In conclusion, this work shows that prolonged com-
bined exposure to arsenic and cyanobacteria causes 
marked pathological changes and disturbances in white 
blood cell count (lymphocytosis and neutropenia) 
in rainbow trout. Although the lower dose of arsenic 
significantly stimulated respiratory burst, in combina-

tion with severe neutropenia it resulted in a decreased 
intensity of phagocytosis. As phagocytosis is the first 
line of defence against invading pathogens, the com-
bined action of both cyanobacteria and arsenic lead to 
a decreased ability to control infection. At this point, 
the question remains as to whether arsenic and cyano-
bacterial toxins interact or whether the combined effect 
of both agents is simply additive. 
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