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Abstract:  Phenolic compounds are a group of wide-spread aquatic pollutants. Oroechromis mossambicus  were 
exposed to sub lethal (1/10th of 96 hr LC50) concentration of phenol (3.12 mg l-1) and m-cresol (2.2 mg l-1) for 
a period of three weeks by semi-static test system. Important haematological parameters and serum ions were 
experimented after the exposure period. Significantly (P<0.05) increased level of haemoglobin, red blood cell 
count and haematocrit were observed. Also significant (P<0.05) decrease in serum sodium ions and an increase in 
potassium ions suggest that phenolic compounds can influence osmoregulation. The blood responses apparently 
indicate adaptation to hypoxic conditions arising from prooxidants, gill degradation and perhaps oxygen - level 
fluctuations. 

Key words: Phenolic compounds, toxicity, haemoglobin, haematocrit, RBC count

INTRODUCTION 
The existence of  phenols and their derivatives in 
the aquatic environment is undesirable because 
of  their toxicity to aquatic organisms. Phenolic 
compounds are common constituents of  
aqueous effluents from the industrial processes 
such as resin production, oil refining and cooking 
plants Kibret et al., 2000). Among the different 
phenolic compounds, phenols and cresols are 
widely used organic solvents. These compounds 
have been identified in water- soluble fractions of  
oil since they are potential degradation products 
of  aromatic hydrocarbon metabolism. Phenol is 
among the first compound described as toxic by 
the Environmental Protection Agency - United 
States and due to its relevance as an ecotoxin it 
has been maintained in the priority list (USEPA, 
1977). Phenol is a metabolite of  a widely used 
organic solvent-benzene. Creosol is classified as 
a hazardous substance for occupational exposure 
(ChemWatch, 2006). Crude cresol (commercial 
grade) contains approximately 20% o-cresol, 40% 

m-cresol, and 30% p-cresol. m-cresol is used to 
produce certain herbicides, as a precursor to the 
pyrethroid insecticides, to produce antioxidants, 
and to manufacture the explosive, 2,4,6 trinitro-
m-cresol (ATSDR,1990).

Blood is a pathophysiological reflector of  the 
whole body and therefore, blood parameters 
are important in diagnosing the structural and 
functional status of  fish exposed to toxicants 
(Adhikari et al., 2004). Hematological parameters 
can provide satisfactory information on the 
physiological response of  fish to environmental 
stressors for two major reasons, namely, the close 
association of  the circulatory system with the 
external environment and the ease of  availability 
of  fish blood (Cazenave et al., 2005; Houston, 
1997; Lohner et al., 2001). 

Electrolytes of  body fluids have various 
functions - the most important of  which are 
to contribute a majority of  the osmotically 
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active particles, to provide buffer systems and 
mechanisms for the regulations of  pH (acid–base 
balance). In addition, they provide proper ionic 
balance for normal neuromuscular irritability and 
tissue functions. In the regulation of  osmolarity 
of  a system, sodium, potassium and calcium ions 
play significant roles to keep the hyper osmotic 
properties of  freshwater fishes. Potassium is the 
main cation of  the intracellular fluid and it is an 
important constituent of  the extracellular fluid. 
Ion uptake from water is required to maintain 
internal acid–base balance and ionic equilibrium 
between blood and tissues for those ions that are 
continuously lost by diffusion across permeable 
parts of  the external body surface (Burton, 
1973). 

The use of  primary haematological indices such 
as haemoglobin (Hb), packed cell volume (PCV) 
and red blood count (RBC count) in assessing sub 
lethal concentrations of  two different phenolic 
compounds are considered. As indicators of  ion 
regulation, serum Na+ and K+ ion levels were also 
measured. These studies could be used to indicate 
the health status of  fish as well as water quality.

MATERIALS AND METHODS

Chemicals

Analar monohydric phenol and m-cresol 
purchased from Sisco Research Laboratories 
(SRL), India were used. For all the experiments, 
desired concentrations of  phenolic compounds 
were prepared from fresh stock solutions. All 
other chemicals used were analytical grade reagent 
purchased from Merck and Himedia (India).

Fish and maintenance conditions

The investigations were carried out in a fresh 
water fish Oreochromis mossambicus (15±3g) 
procured from the culture ponds of  Kerala 
Agricultural University (Puduvypu), India. The 
water in the aquarium was renewed daily and 
was aerated mechanically. The average values 
of  water quality parameters were as following: 

dissolved oxygen concentration of  7.8 ± 0.06 
ppm, hardness below detectable amounts, pH 
7.0 ± 0.37, temperature 26 ± 30C and salinity 
0 ppt (parts per thousand) (APHA, 2005). The 
fishes were fed on a commercial diet ad libitum 
and were maintained in tanks for a month before 
the experiment in order to acclimate to the 
experimental system.

Sub lethal toxicity studies

The acclimated fishes (15±3 g) were divided into 
three groups; Group 1 exposed to sub lethal 
phenol concentration (3.12 mg l-1 corresponding 
to 10% of  the LC50-96h) for 21 days. Group 2 
exposed to sub lethal m-cresol concentration 
(2.2 mg l-1 corresponding to 10% of  the LC50-
96h) for 21 days and, Group 3 control groups 
which were subjected to the same protocol, but 
without phenolic compounds. Triplicates were 
kept for both the treated groups and respective 
controls. The exposure media was replaced every 
24h (semi-static –with the same concentrations 
of  phenolic compounds) so as to maintain 
constant toxin concentration throughout the 
study period. 

Collection of blood

Blood was drawn directly from the cardinal vein 
using 1 ml plastic syringe containing 0.2% EDTA 
as the anticoagulant.

Parameters investigated 

Estimation of Haemoglobin (Cyanmethae 
moglobin method) 

Blood was drawn from the common cardinal vein 
and used for the estimation. 0.2 ml of  blood was 
mixed with 5 ml of  Drabkin’s diluent solution 
and allowed to stand for 5minutes for the 
formation of  cyanmethaemoglobin. Absorbance 
was measured 540 nm against a reagent blank, 
which consisted of  5 ml of  Drabkin’s diluent 
solution (Cook, 1985). Using haemoglobin standard, 
a standard calibration curve was prepared, from which 
the values of  haemoglobin was calculated as g/dl.
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Determination of other hematological 
parameters

The blood was analyzed using cell counter 
automated analyser (Celltak marketed by Pan 
Company in India) for the hematological 
parameters such as PCV (packed cell volume) and  
RBC count.

Estimation of serum ions

Serum ions were estimated by flame photometry.
Using the stock solution of  sodium (1000 mEq/l) 
and potassium (100 mEq/l), working standards of  
sodium/ potassium (120/2.0 mEq/l), sodium/ 
potassium (140/4.0 mEq/l), Sodium/ potassium 
(160/6.0 mEq/l) were prepared. Serum and the 
three working standards were diluted (0.1:10) in 
separate beakers. Gas flame was adjusted until 
the flame is divided into five sharp cones at a 
compressor pressure 12 lb/sq.inch. Proper filters 
were selected for the simultaneous determination 
of  sodium and potassium. 

Statistical analysis

The statistical analysis was carried out using the 
software SPSS 13.0 package. One-way analysis of  
variance (ANOVA) was done followed by Tukey’s 
test in order to determine the significant difference 
between different treatments. All the data were 
presented as mean ± SD. and the differences were 
regarded as statistically significant when P<0.05.

RESULTS 
The results obtained are shown in Table 1 
and Table 2. Comparison between different 
treatments revealed that there was significant 
increase (P<0.05) in haemoglobin content, packed 
cell volume and RBC count in both phenol and 
m-cresol treated groups compared to control. 
Statistical analysis also revealed that  m-cresol 
treated group showed the highest level among the 
treated groups. Serum Na+ ion levels decreased 
significantly (P<0.05) on exposure to the toxins 
when compared to their respective controls. The 
serum K+ ion level was significantly elevated (P<0.05) 
in both m-cresol and phenol treated groups.

DISCUSSION
Increased red blood cell count and haematocrit 
was observed on exposure to sub lethal 
concentrations of  phenol and m-cresol. 
Erythropoiesis, whereby the number of  red 
blood cells in the circulation gets increased 
is in fact a mechanism through which fish 

Table 1. Effect of different phenolic compounds 

on haematological parameters in O. mossambicus. 

Values in the same row with different lower 

case letters vary significantly (P<0.05) between 

treatment groups (One-way ANOVA)

Table 2. Effect of different phenolic compounds 

on serum sodium and potassium levels in O. 

mossambicus. Values in the same row with 

different lower case letters vary significantly 

(P<0.05) between treatment groups (One-way 

ANOVA).

Parameters Control Phenol m-Cresol

Haemoglo-
bin (g/dl)

8.0±0.511a 9.3±0.321b 9.0±0.25b

Packed cell 
volume (%)

17.2±0.93a 21±0.7b 21.6±0.87b

Total RBC 
count
(millions/
cu.mm of 
blood)

2.4±0.13a 3.6±0.11b 4.0±0.09c

Serum Na+ 
(mEq/L)

161.25±2.11c 148±2.04b 134±2.97a

Serum K+ 
(mEq/L)

3.5±0.34a 4.53±0.73c 4.13±0.53b

might compensate for poor oxygen uptake 
in prevailing hypoxic conditions (Wepener  
et al., 1992). Another mechanism by which fish 
might compensate for low oxygen uptake during 
hypoxic conditions is via the release of  a large 
number of  mature red blood cells in the general 
circulation. This is thought to be stimulated by 
β-adrenergic action on the haemopoietic tissues, 
which contract and release stored mature red cells 
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(Wepener et al., 1992).  This mechanism might, 
however, compensate for short-term variations in 
oxygen concentration in blood or water (Nespolo 
and Rosenmann, 2002).  It has been found that 
the erythrocytes number and haemoglobin levels 
may vary with oxygen requirement (Hubrec et al., 
2000; Tavares et al., 2004). Therefore, the increase 
of  packed cell volume in O. mossambicus is likely to 
be due to either increased metabolic demand or 
gill damages resulting in impairment of  oxygen 
transport, or both. 

Two reasons can be attributed to the increased 
level of  haemoglobin in both the groups exposed 
to phenolic compounds. One is, the presence of  
phenolics in water creates a high oxygen demand 
and the compensation by the organism for low 
dissolved oxygen content is by synthesizing 
more haemoglobin for binding more oxygen. 
Another reason that can be attributed is phenolic 
compounds or their toxic metabolites are 
oxidized to free radicals within erythrocytes and 
induce haemolysis of  the erythrocyte membrane. 
As a consequence, haemoglobin is released which 
was shown as increased haemoglobin level. The 
haemoglobin released induces a multitude of  
toxic effects, summarized by Everse and Hsia 
(1997). The effects include nephrotoxicity 
through the formation of  Hb dimers, formation 
of  cross-linked haemoglobin, which induce heme 
oxygenase and liberation of  the heme moiety. 
Other effects such as, cell damage, peroxidation, 
induction of  phagocytosis and liberation of  iron 
may also occur. The iron liberated itself  serves as 
a prooxidant and increases the risk of  bacterial 
infections (Nohl and Stolze, 1998). 

Iron liberation from oxidatively modified 
haemoglobin or myoglobin was reported by 
Gutteridge (1986), Harel et al. (1988) and Rice-
Evans et al. (1993) when drastic oxidizing 
conditions were applied such as hydrogen 
peroxide or lipid hydroperoxides. Since iron ions 
play an important role as redox catalysts (Fenton 
reaction, Haber-Weiss), iron liberation from 

erythrocytes will increase the total prooxidant 
effect of  the xenobiotic. 

The physiological function of  haemoglobin is 
to transport oxygen to the tissues; this process 
depends on the ability of  the ferrous form 
(Hb2+) of  reversible binding of  molecular 
oxygen. However in the presence of  xenobiotics, 
oxyhaemoglobin (oxy-Hb) is able to turn to 
methaemoglobin (met-Hb) (the Hb3+ form), 
which is unable to transport oxygen. This 
conversion is associated with superoxide anion 
production (Misra and Fridovich, 1972) and 
hence with products such as hydrogen peroxide 
or hydroxyl radicals, which may be derived from 
superoxide anion itself.

Eyer et al. (1975) and Riley (1984) reported that 
xenobiotics such as phenolic compounds are 
able to oxidize oxy-Hb to met-Hb in a so-called 
co-oxidation reaction in which the haem oxygen 
serves as the active oxidant that oxidizes both 
the ferrous haem centre of  haemoglobin and the 
reducing xenobiotic (R–H):

Hb2+O2 + R–H → [Met–Hb3+–O–O2−] + H+ 
+ R•

The unstable Met–Hb3+–O–O2− complex 
(Gasyna, 1979) immediately stabilizes to 
secondary products that are dependent on the 
nature of  the respective xenobiotic R–H: in 
the case of  phenolic compounds (Stolze and 
Nohl, 1991, 1992), the transient formation of  a 
compound l type ferryl haemoglobin has been 
postulated. 

[TyrH Met–Hb3+–O–O2−] + H+ → [Tyr• 
Hb4+=O2−] + H2O

The highly reactive free radical intermediates were 
found to attack SH groups on the haemoglobin 
molecule, at position β-93 (Maples et al., 1990) or 
on the constituents of  the erythrocyte membrane. 
(Feix and Butterfield, 1980; Wyse et al., 1989a, 
1989b; Hensley et al., 1993; Butterfield et al., 
1994). Apart from the decrease in oxygen binding 
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capacity, the Met-Hb generators irreversibly 
destroy the haem proteins with which they were 
interacting, thereby releasing metabolites that 
may affect thiol-dependent bioactivities and 
functional membrane processes. 

Also, a decrease in serum sodium ion levels 
and an increase in potassium ion levels in 
the groups exposed to low dose suggest that 
phenolic compounds can affect osmoregulation. 
A reduction in the major electrolyte sodium 
may be due to disturbances in the membrane 
permeability due to toxicity of  phenolics which 
could have impaired the flux of  ions. Freshwater 
fish tends to have a passive efflux of  ions (loss) 
and a passive influx of  water through the gill 
epithelium (McDonald and Milligan, 1997). To 
cope with the change in blood osmolarity, they 
have two main strategies: active uptake of  ions 
through the gill using the Na+K+-ATPase and 
production of  large volumes of  diluted urine in 
the kidney, which can also actively uptake ions 
(Eddy, 1981; Marshall and Grosell, 2005; Iwama 
et al., 2005). However, in the present investigation 
branchial Na+K+-ATPase activity was impaired 
which may have affected the ionic homeostasis. 
de la Torre et al. (1999) have shown that the 
inhibition of  this enzyme by monocrotophos 
prevents the buildup of  high ion concentrations 
in the extracellular spaces resulting in a blockage 
of  the movement of  internal harmful extra ions 
towards the external medium via the leakage 
junctions. 

Shifts in the hydromineral balance may be a 
consequence of  the action of  pollutants on organs 
involved in osmoregulation, on the endocrine 
system, on metabolism or on active transport 
processes (Martinez and C´olus, 2002). Usually, 
after exposure to a single stressor, freshwater fish 
respond by increasing the efflux of  ions through 
the gills (McDonald and Milligan, 1997). Since 
freshwater fish take up most of  the ions necessary 
for homeostasis from the water via their gills, an 
increased efflux of  ions apparently causes the 

drop of  plasma electrolytes across these organs 
and an impairment of  active ion uptake by the 
chloride cells of  the gill (Wendelaar- Bonga and 
Lock, 1992). A reduction in the plasma electrolyte 
level has two important causes. First, there is an 
elevated passive efflux of  ions across the gills 
due to more or less non-selective branchial 
permeability to water and ions. This may lead to 
haemodilution by enhanced osmotic uptake of  
water across the gills and to passive diffusional 
ion loss. 

The blood responses seemingly indicate 
adaptation to hypoxic conditions arising from 
prooxidants, gill degradation and perhaps 
oxygen-level fluctuations. The results also show 
that ionic homeostasis in O. mossambicus was 
affected. 
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