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This study aims to understand the effects of cadmium and f-Benzenchexachloride (B-BHC)
administered in feed on the physiological response of laying Mallard. Laying ducks (n-120) at
three different stages (I: 33-37, II: 38-42 and III: 43-47 weeks old) were randomly allotted
into 3x2 factorial design in CRD with 3 Cd and 2 BHC doses, as first and second factor
respectively replicated in 4. The doses were doubled (II) and tripled (III) from 0.017 (Cdl),
0.034 ppm Cd (Cd2), and 0.033 ppm B-BHC (P1) of stage I. Hematology, hepatosomatic
index (HSI), gonadosomatic index (GSI) and oviductosomatic index (OVI) were compared.
At stage I, Cd and B-BHC did not have any significant effects at all parameters observed.
Significant effects were observed only at stage II and III. The HSI increased and decreased
with 0.033 and 0.067 of Cd treatment, respectively, however p~BHC increased HSI at stages
I and III (P<0.05). The OVI was reduced with 0.067Cd, but in combination with 0.067f-
BHC it was enlarged (P<0.05). The number of RBC was significantly reduced by B-BHC. The
number of WBC was reduced by Cd levels but B-BHC elevated it by 20x10%/ul (P<0.05).
Percent heterophil was suppressed by Cd but elevated by B~-BHC (P<0.05). Lymphocyte was
suppressed by 0.1 ppm B-BHC, while monocyte was enhanced by the levels of Cd, but in
combination with B-BHC it was reduced (P<0.05). Briefly, HSI, OVI, WBC and heterophil
were suppressed by Cd, and lymphocyte and RBC were suppressed by B-BHC. Therefore,
individual and low levels of Cd and B-BHC seem tolerable, but in combination their effects
are compounded and threaten productivity and food safety. Over-all it is suggested that the
combined tolerable limits of heavy metals and pesticide residue should be established for
future research and regulatory purposes.
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INTRODUCTION

The world’s duck egg production is dominated by the Asian
countries, probably because it provides low feed cost, feeds
not competing to man and eggs providing daily source of
income. Apparently waterfowls are considered good sources
of healthy meat and eggs. The Philippines ranks number 5 in
Mallard production, but slowly declining over the years due
to lack of breeding program, rising feed cost, low price of
eggs and the presence of pollutants in feeds are
unknowingly affecting productivity (Vega, 2009, Vega et al,
2011, Anggraeni et al., 2012).

The organochlorine pesticides (OCPs) were found to
posses multiple health risks and their presence in high
amounts has become a major environmental and health
concern (Aktar et al, 2009). Among these OCPs is B-
Benzenehexachloride (B-BHC). Kojima et al, (2004)
studied 200 possible endocrine disrupting properties of 200
pesticides and among those in the list of organochlorines
were o, -Dichorodiethyltrichloroethane (op'-DDT), B~

BHC, methoxychlor, and a-endosulfan. In ovo studies
showed that B-BHC can negatively affect growth and
development of ducks (Vega et al, 2014). Upon the
discovery of the environmental and health hazards of
pesticides, specifically OCPs, the use of these compounds is
now being regulated.

Another substance that is also currently of concern is
cadmium (Cd), which is naturally present in the soil and
mined minerals used in agricultural production such are the
phosphorus fertilizers for crops and phosphate supplements
for feeds. According to Klasing et al. (2005), Cd tends to
accumulate in the kidney, liver, pancreas and spleen.
However, Cd is not easily transported into eggs and milk
(Klasing, et al., 2005; Vega et al., 2014). The effects of Cd in
the physiology of farm animals and humans alike are still
being studied. In chickens, Cd is said to be toxic to immune
cells possibly by inducing oxidative stress resulting to DNA
damage and apoptosis (Li et al., 2010). Previous research by
Cain et al., (1983) in Mallard ducks reported a significant
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decrease in Packed Cell Volume (PCV) and Hemoglobin
(Hb), an increase in glutamic pyruvic transaminase (GPT)
and the presence of kidney damage upon treatment with 20
ppm Cd. They also observed Cd accumulation in the liver.
The separate studies of Vega et al., (2011) and Anggraeni et
al., (2012) were in agreement that Cd can cause damage and
decrease in liver size; and enhance early laying days by 35
days in ducks. Also, along with organochlorines such as p-
BHC, y-Benzenehexachloride and y-chlordane, Cd causes
liver damage.

Productivity and food safety are the main concerns in
determining the effects of these unwanted residues in feeds.
Thus, this study aimed to investigate the individual and the
interacting effects of B-Benzenehexachloride (B-BHC) and
Cadmium (Cd) in feed on physiologic and haematologic
responses of domestic Mallard Ducks at sexual maturity to
support the previously reported detrimental effects of these
compounds in Mallard ducks (Cain et al., 1983; Vega, 2009;
Vega et al., 2011; Anggraeni et al., 2012; Vega et al., 2014).

MATERIALS AND METHODS
Pre-Experimental Conditions of Mallard
Female ducks used in this study were supplied by a single
farm in Cavite, samples of female (n-10) and male (n-10)
ducks at 16 weeks of age were sacrificed one day after the
arrival for the extraction and isolation of blood, liver and
gonad samples to have an initial assessment of the Mallards.
The specimens or samples for pesticide residue and
cadmium analysis were taken by pooling liver samples.
Liver samples were collected and pooled for female and male
ducks, because they originate from the same sources having
common feed and environment. All the samples were
submitted to Natural Sciences Research Institute (NSRI;
PNS ISO/IEC 17025:2005) of the University of the
Philippines, Diliman, Quezon City for pesticide residue and
cadmium analysis. The same assay protocol for Cd and
Organochlorine Pesticide Residues (OCPs) was used as
described elsewhere (Vega et al., 2014)

Treatment Administration

After four months of growing or adjustment period, the 33
weeks old laying ducks (n = 120) for three different stages
was accomplished with four weeks interval for every stage
and randomly allotted into 3 x 2 Factorial design in CRD (3
levels of Cd: 2 levels of B~BHC). The levels in Stage I were;
(1) CdOPO - 0Cd+OBHC, (2) CdOPI - 0Cd+0.033BHC, (3)
CdIPO - 0.017Cd+0BHC, (4) CdIPI - 0.017Cd+0.033BHC, (5)
Cd2P0 = 0.034Cd+0BHC, (6) Cd2P1 = 0.034Cd+0.033BHC.
The level/dose of six treatments in stage I was doubled and
tripled for stage II and III, respectively.

Pure grade CdCl, and B — BHC were procured from
Supelco (Indonesia). The residue dosages set was the
amount found in feed, these were 0.05 and 0.10 ppm Cd; and
0.10 ppm B - BHC. These were gradually obtained in stage
III. Acetone (Analytical Grade, Scharlau) was used as
vehicle for all the contaminants for inclusion in the
commercial feed. Amount of feed given to the duck was 130
g duck'day™. Fach treatment was replicated 4 times with 5
ducks per replicate. The experimental period lasted for 14
weeks. Treatments were given to laying ducks at stage I, II,
and III, ie 33-37; 38-42 and 43-47 weeks of age,
respectively. The sampling procedure were done on the last
day of different stages, one duck per replicate were

sacrificed. The HSI, OVI and GSI were measure in three
different stages (I, II and III) while the haematological
changes were determined in stage I and stage III only for
comparison.

The data were analyzed using SAS version 6.12 using
PROC ANOVA having 3x2 factorial experimental design in
Complete Randomized Design (CRD). The comparison of
treatments means after the ANOVA declared significance at
P<0.05 used LSD. Interaction or two-way table was used
when the ANOVA declares significant interaction.

Hematological Response

The hematological response of the ducks at 33 to 47 weeks
of age to B~BHC and cadmium was based on the value of
packed cell volume, hemoglobin, total red blood cell, total
white blood cell and differential leucocyte.

Packed cell Volume (PCV)

Determination of PCV in birds is essentially the same as that
for other species. Blood was collected and placed into tubes
containing ethylenediamine tetraacetate (EDTA). Tubes
were centrifuged at 12,000 x g for 5 minutes and read on a
standard microhematocrit graphic reader (Pierson, 2000).

Hemoglobin Concentration

Methods and formula for determining the hemoglobin
concentration are identical to those used for mammalian
species. In the case of avian hemoglobin determination,
samples were centrifuged at 1000 x g for 10 minutes
following red cell lysis to remove nuclei and other cellular
debris (Pierson, 2000).

Total Red Blood Cell (TRBC).

According to the Natt and Herrick method, blood
containing EDTA was drawn into a standard blood dilution
pipette to the 0.5 mark, followed by methyl violet 2B
diluents to the 101 mark. This gave a final dilution 1:200. The
pipette was then briefly agitated, blotted and the counting
chamber of a Neubauer hemocytometer charged. After a few
minutes to allow settling, the red cell count was determined
under high-dry magnification (40x). Erythrocytes
appearing in the center and four corner squares were
counted and the total multiplied by 1x 10* to give the TRBC
count per microliter (Pierson, 2000).

Total White Blood Cell (TWBC)
The Natt and Herrick method was a direct TWBC
determination. For the TWBC count, leucocytes (dark to
light blue) appearing in the nine large squares of an
improved Neubauer hemocytometer were totaled. The
TWBC count was then calculated using the following
formula:

TWBC/pl = (number of leucocytes in 9 squares) x 220
(Pierson, 2000)

Differential Leucocyte

Differential white blood cell counts require the preparation
of stained blood smears. Blood treated with EDTA was used.
A drop of blood was placed on a precleaned microscope
slide. While the slide was held between the fingers, a
rectangular coverglass was placed on top of the blood. As
the blood begin to spread, the coverslip was gently slipped
off the microscope slide in a horizontal fashion. After air
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drying, Giemsa stain was used to prepare slides for
examination (Pierson, 2000).

Reproductive Response

Reproductive response of the ducks at 33 to 47 weeks of age
to organochlorine pesticide and cadmium was based on
organosomatic indices (hepatosomatic, gonadosomatic and
oviductosomatic). The liver, ovary and oviduct of each duck
was carefully removed and placed on aluminium foil for
documentation. Total fresh weight of the liver, ovary and
oviduct was obtained.

Hepatosomatic Index

Hepatosomatic index (HSI) value was obtained from the
ratio of fresh liver weight to live body weight and multiplied
by 100. The value was expressed in % of the body weight.

Hepatosomatic index is an indicator of hepatic growth or
development according to the age and physiological status.

Gonadosomatic Index

The value of gonadosomatic index (GSI) was obtained from
the ratio of fresh ovary weight to live body weight and
multiplied byl00. The value was expressed in % of the body
weight.

Oviductosomatic Index

The same as HSI and GSI, oviductosomatic index (OVI) was
the ratio of oviduct weight to live body weight and
multiplied by 100. The value was expressed in % of the body
weight. Oviductosomatic index also can be used to estimate
the status of reproductive system.

Organochlorine Pesticide (ng/g)

Commercial Feed

Female Duck Liver Male Duck Liver EMDIL*

alpha - BHC <EMDL <EMDL <EMDL 0.6 =
Hexachlorobenzene <EMDL <EMDL <EMDL 0.3 =
Heptachlor <EMDL <EMDL <EMDL 0.5 g "é
Aldrin <EMDL <EMDL <EMDL 0.5 38 g
Heptachlor Epoxide <EMDL <EMDL <EMDL 0.4 5 g
gamma — chlordane <EMDL <EMDL <EMDL 0.6 é =
op’—DDE <EMDL <EMDL <EMDL 0.5 Y %
Endosulfan 1 <EMDL <EMDL <EMDL 0.8 § Tés
alpha - chlordane <EMDL <EMDL <EMDL 0.8 N3
trans — nonachlor <EMDL <EMDL <EMDL 0.7 23
Dieldrin <EMDL <EMDL <EMDL 2 2T
p,p’'~ DDE EMDL EMDL EMDL 07 85
o,p’ - DDD <EMDL <EMDL <EMDL 07 =
Endrin <EMDL <EMDL <EMDL 2 2. B
Endosulfan IT 21 240 200 2 TE=
pp' - DDD + o'~ DDT 0.75 0.93 143 05 EE:
cis — nonachlor EMDL EMDL EMDL 0.9 o=
Endosulfan sulphate <EMDL <EMDL 6.3 0.5 % i
pp -DDT <EMDL <EMDL <EMDL 0.9 z 2
Endrin Ketone <EMDL <EMDL <EMDL 2 o3
Methoxychlor <EMDL <EMDL <EMDL 0.9 % &
Myrex <EMDL <EMDL <EMDL 0.7 =
Method of Analysis Gas Chromatography/ Mass Spectrometry
: - 5
gagale 2:h Mean of pooled sample of commercial feids, fduck livers ?:frnnlr)rll;cial e gigml(lfgg?g/ll;g) i\(/)l.(;lsture (%)
efore the experiment was conducted, i.e. 16 weeks of age Male Duck Liver 05 698

RESULTS AND DISCUSSIONS

The result of pesticide analysis in commercial feed and duck
liver (female and male) are shown in Table 1. Endosulfan II
and pp-DDD + op-DDT were found in commercial feed
with concentrations of 21 and 0.75 ng/g, respectively. In
female duck liver, endosulfan II and pp'-DDD + op'-DDT
were observed at concentrations of 240 and 0.93 ng/g,
respectively. The analysis also revealed the presence of same
chemicals (endosulfan II, 200 ng/g and pp'-DDD + op'-
DDT, 1.43 ng/g) plus endosulfan sulfate, 6.3 ng/g, in the liver
of male ducks. It was reported that p -,y -, @ - BHC were
also present in duck commercial feed as reported at levels of
0.088-0.15ppm, 0.08-0.09 ppm, 0.02-0.55 ppm respectively
(Vega et al, 2011). The result of cadmium analysis in

Female Duck Liver 0.18 (LOQ=0.2) 68.4

commercial feed and duck liver (female and male) are shown
in Table 2. Cd was present in commercial feed, female and
male duck liver at concentrations of 0.049 mg/kg, 0.18
mg/kg and 0.25 mg/kg, respectively. According to AMAP
(2004), the maximum permissible concentration of Cd in
meat and poultry is 0.05 mg/kg, while provisional tolerable
weekly intake (PWTI) of Cd per person is 7 pg/kg body
weight (WHO, 2006). Cd was found to exceed the
maximum permissible concentration. The presence of
pesticides and Cd in the liver was presumably due to the
ranging or foraging system before they were purchased.
Organosomatic indices (HSI, GSI and OVI) were
measured when the ducks were at 33 weeks of age, ie.
before the treatment were administered. The results showed
that the means of HSI, GSI and OVI were 3.07 + 0.16, 2.93 +
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15 and 291 + 134, respectively, which is comparable to
those reported elsewhere (Rivero et al., 2009) Cd and B -
BHC did not affect HSI within stage I. But, there was
significant effect of Cd on HSI at stage II (P<0.05) and at low
concentration of Cd (0.034 ppm), significantly higher HSI
than the control was observed (Table 3). Significant effect of
B — BHC on HSI was also observed at stage II and stage III
(P<0.05). At stage 1I, B — BHC (0.067 ppm) significantly
increased HSI, and, increasing concentration of p — BHC
(010 ppm) similarly increased HSI from stage II to III
(P<0.05). The present study showed that higher treatment
with Cd increased the liver weight. This result was
corroborated by Demerdash et al., (2004) who reported that
treatment with CdCl, (5 mg/kg BW) in male rat caused an
increase in the weight of liver. Cadmium and organochlorine
pesticide were considered as EDCs which have the ability to

mimic the action of estrogen. The study conducted by
Schubert et al.,, (2008) showed that hepatosomatic index
(HSI) was significantly increased in brown male trout
exposed to mixtures of estrone, 17f- estradiol and 4-
nonylphenol for 150 days until the onset of spawning, which
indicated an enhanced liver metabolism due to the increased
VTG synthesis in the liver. There was no significant
interaction effect of Cd and B -~ BHC on HSI at all stages.
However, significant differences were observed on HSI at
stage 11 (P<0.05). The highest mean HSI was noted in 0.033
ppm Cd + 0.067 ppm B-BHC (3.27%) this was significantly
higher than control (2.68%) and 0.067ppm Cd alone
(2.67%). This indicates that combination of Cd (0.033 ppm)
and B-BHC (0.067 ppm) were more potent in activating HSI
compared to the control and Cd (0.067 ppm) alone.

B - BHC (B-BHC)

Stage Treatment Conc 0 ppm (PO) 0.033 ppm (P1) Mean
I cd 0 ppm (CdO) 3.02 3.8 315
(CdCly) 0.017 ppm (Cdl) 313 2.85 2.99 Table 3: Mean of hepatosomatic
0.034 ppm (Cd2) 268 2.94 2.81 index (%) of sexually mature female
Mean 2.95 3.02 2.98 mallard duck at stage I, I and III
Oppm (PO)  0.067 ppm (P1) Mean  after treatment with cadmium
I Cd 0 ppm (Cd0) 2.68 2.87 278 (CdCly) and organochlorine
(CdCl,) 0.034 ppm (Cdl) 2.94 3.27 3.11° pesticide (-BHC) in feed
0.067 ppm (Cd2)  2.67 3.22 2.95%
Mean 2.76" 3.12% 2.94
Oppm (PO)  0.10 ppm (PL) Mean
m  cd 0 ppm (CdO) 2.66 2.94 2.80
(CdCL)  0.05ppm (Cdl) 2.7 2.95 2.86
0.1 ppm (Cd2) 2.65 3.02 2.84
Mean 2.697 297" 2.83

In row, different letters (x, y) are significantly different at 5% level; In column, different letters (ab) are
significantly different at 5% level; In column between stage, different letters (k, 1) are significantly different at 5

% level
Stag  Treatmen 0 ppm p - BHC 0.033 ppm Mea
Table  4: Mean  of e t Conc (P0) (P1) n
oviductosomatic index (%) | cd 0 ppm (CdO) 2,28 3.04% 2.66
of sexually mature female 0.017 ppm (Cdl) ~ 3.33%* 176 554
mallard duck at stage I, 1I 0.034 ppm
and TII after treatment with (Cd2) 3.5% 238y 794
cadmium ~ (CdCly)  and Mean 3.04 2.39 2.71
organqchlorine pesticide (B- 0ppm (PO) _ 0.067 ppm (P1) Mean
BHC) in feed il cd 0 ppm (Cd0) 3.01% 2.66™ 284
0.034 ppm (Cdl) 357 2.90% 3.24
0.067 ppm (Cd2)  1.94” 3.65™ 2.79
Mean 2.84 3.07 2.96
0 ppm (P0) 0.0 ppm (P1) Mean
m  cd 0 ppm (CdO) 2.92 26 276
0.05ppm (Cdl) 323 3.68 3.46
01ppm(Cd2) 233 4.67 3.5
Mean 2.82 3.65 3.24

In row, different letters (x, y) are significantly different at 5% level; In column, different letters (ab) are significantly
different at 5% level; In column between stage, different letters (k, 1) are significantly different at 5 % level

Individual Cd and B-BHC residue did not affect OVI at
stage I, II, and III. However, there was significant
interaction effect of Cd and B~-BHC on OVI at stage [ and II
(P<0.05; Table 4). Combination of Cd+B-BHC, revealed

significantly lowest OVI (1.76 %), this was even lower than
0.034ppm Cd (3.04 %) +B-BHC indicative of combined
downsizing action of Cd at lower levels. Longer exposure
and doubly higher dose of Cd and BHC (Stage II), revealed

Vega et al (2014). Interaction of p — BHC and Cd

396

ISSN: 2307-8316 (Online); ISSN: 2309-3331 (Print)


http://nexusacademicpublishers.com/journal/4

Advances in Animal and Veterinary Sciences 2 (3): 393 - 400
http://nexusacademicpublishers.com/journal/4

NEJLL

2L

that OVI has tendency to become smaller at lower dose of
Cd (0.034ppm) than at higher dose of Cd (0.067ppm).
Interestingly, 0.067Cd+0.067BHC significantly increased
the OVI (3.65 %), an observation showing a clear
manifestation that combined Cd and B-BHC at longer and
higher doses have direct influence on hormonal response in
female Mallards, being able to mimic the activity of estrogen
as xenoestrogens.

The nonsignificant effect on OVI at last stage (III) of
combined and highest desired level of Cd and B-BHC is
suggestive of ducks developing resistance or tolerance to
these residues for three months of exposure. The study
conducted by Wade et al., (2002) showed that exposure to
low or moderate doses of a mixture of persistent
organochlorines and metals affects liver physiology and has
some effects on the function of T cells in the adult male rats.
Kohler et al., (1969) as cited by Berg et al., (2001) stated that
estrogen is the prerequisite for differentiation and
development of the oviducts in female birds. Proliferation of
the luminal epithelium and differentiation of ciliated and
glandular cells are estrogen—controlled processes. Therefore,
increasing weight of the oviduct as shown in this study
might be due to the effect of Cd and B-BHC in mimicking
the action of estrogen.

The control treatment values for the PCV, RBC and
WBC were 40.9%, 3.24 (x10%pul) and 16.6 (x10%/pl),

respectively. Meanwhile, the values for the percent
heterophil, lymphocyte and monocyte were 33.6, 59.6 and
5.4% respectively. The several reported values of
hematology for normal duck and chicken (Campbell, 2000;
Okeudo et al, 2003; Orawan and Aengwanich, 2007)
revealed that our values were within the normal range.

The individual effect of B~BHC and Cd on PCV showed
no significant differences at stage I and IIl. Combined Cd
and B-BHC did not affect PCV at stage I (data not shown).
There was significant interaction effect of Cd and p-BHC on
PCV at stage III (Table 5.). The combined effects (0.1Cd +
0.1BHC), significantly decreased PCV (36.25 %). This
observed decrease in PCV by combined Cd and p-BHC was
similar to the decrease in PCV as reported by Cain et al.,
(1983) in 8 week-old ducklings exposed to 20 ppm Cd
(200x higher). Hence, low levels but combined effect Cd
and B - BHC may have a compounding action as endocrine
disruptors. It is possible that increasing vitellogenin (VIG)
may have resulted to the decreasing level of PCV. According
to William et al., (2004), PCV may decline because of an
increase in blood volume (hemodilution), which is an
osmotic adjustment in response to the appearence of
substantial levels of VTG in the plasma.

Treatment OCP (B-BHC)
0 ppm (PO) 0.10 ppmb (P1) Mean
Table 5: Mean of packed cell volume (%) of Cd 0 ppm (Cd0) 36.75" 39.75% 38.25
sexually mature female mallard duck at stage 111 0.05 ppm (Cdl)  40.50™ 40.00™ 40.25
after treatment with cadmium (CdCl,) and 0.10 ppm (Cd2)  41.75™ 36.25” 39.00
organochlorine pesticide (B-BHC) in feed MEAN 39.67 38.67 39.07

In row, different letters (x, y) are significantly different at 5% level; In column, different
letters (a,b) are significantly different at 5% level

25.00
20.00

d

15.00 T

10.00
5.00

(x1,000/ )

WN\JE

White Blood Cells

0.00
PO P1

B-BHC

Cadmium and B-BHC significantly affect WBC at stage 111
(Figure 1). Increasing concentration of Cd (0.05 ppm and 0.1
ppm) significantly decreased WBC, on the other hand, -
BHC (0.10 ppm) significantly increased WBC. The the effect
of low level of Cd (0.05 to 0.10 ppm) in our study is contrary
to the 5 ppm Cd study conducted in rats by Demerdas et al.,
(2004). However, in fish (Ghiasi et al., 2010) the decreased

Cdo ‘ cd1 ‘Cdz

Cd (ppm)

mallard duck at stage III after treatment with cadmium

Figure 1: Mean of WBC (x10*/l) of sexually mature female
(CdCl,) and organochlorine pesticide (B-BHC) in feed

WBC of Cd exposed fish suggested an immunological
suppression. Note that oviparous and mammals may have
differing sensitivity. In oviparous animals, higher level
lindane (5 ppm) immuno suppression and stress effect were
also observed after adiministration twice in a week in 6
species of agriculturally important birds (Mandal et al.,
1986). Noticeably our experiment of lower level Cd doses
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significantly reduced number of WBC, hence immune
response sensitivity.

Organochlorine pesticides are known to have the
ability to induce oxidative stress according to Vrbanac et al.,
(2002). The number of RBC, % heterophils, % lymphocytes,
and % monocytes are stress-affected haematological
responses. Thus the number of RBC at stage III was reduced
significantly by O.lppm BHC (Figure 2). Normal RBC
function depends on the integrity of cell membrane
which is the target of many toxic agents including pesticide

(Banerjee et al,, 1999). Organochlorine pesticide is known to
have the ability to induce oxidative stress according to
Vrbanac et al,, (2002). Since the life span of avian RBC is
shorter, the body temperature of avian is higher and their
metabolism is more intense compared to mammals,
therefore, avian metabolism will need more oxygen when
they are exposed to a higher oxidative stress (Vrbanac et al.,
2002). Thus, there is a possibility that RBC is compensated
by increasing the number from stage I to III to get more
oxygen for metabolism.

Stage 1 Stage 111 é gé
— 3.5 X é\g %
=25 L Jis
z 2 | 2P
S 15 S
= S =
1 L gl
n% 0.5 [ L
- 5} | o
z o fezl
0 0.033 0 0.1 SEEs
B - BHC, ppm B - BHC. ppm BEE f_
LE e
Treatment OCP (p-BHC) )
0ppm (P0) 010 ppm (Pl) Mean Table 6: Mean of heterophil (%) of sexually
cd 0 ppm (CdO) 39 507 50,00 3005 mature female mallard duck at stage III after
0.05 ppm (Cdl) ~ 36.007 64.00 50.00 treatment with cadmium (CdCl;) and
0.1ppm (Cd2)  46.50 62.00% 5475 organochlorine pesticide (B-BHC) in feed
MEAN 4734 6L.67% 54.50

In row, different letters (x, y) are significantly different at 5% level; In column, different

letters (a,b) are significantly different at 5% level

The % heterophil on the other hand was increased in
combination with 0.lppm BHC at stage III (Table 6), Cd
might have activated the phagocytic action of heterophil but
with BHC the higher concentration indicates inactivation of
phagocytic action of heterophil (Davis et al, 2008).
Phagocytosis may cause excessive active oxygen in organism
and intensifies the active oxygen action on the lipid
peroxidation and results in oxidation injury. Our results
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showed that the combination of Cd (0.05 ppm) and B-BHC
(010 ppm) were more potent in increasing heterophil
compared to Cd (0.05 ppm and 0.1 ppm) alone as observed
in our study

At stage 111, there was no significant effect of Cd on
lymphocyte  (Figure 3), however B-BHC (0.lppm)
significantly decreased lymphocyte and residue exposure
with stages, i.e. stage I having higher lymphocyte than IIL
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Since lymphocyte is associated to stress, the lowering across
the stage may be due stress-related exposure to Cd and f -
BHC. Altered lymphocyte proliferation was significantly
associated with elevated blood levels of organochlorines
(Finkelstein et al, 2007). According to Grasman et al,
(1996),  organochlorines are known to be positively

associated with avian immune response. It is known that
organochlorine can stimulate stress effect in birds (Mandal
et al, 1986). Stress stimulates reduction in circulating
lymphocyte numbers due to glucocorticoid-induced
alterations in the redistribution of lymphocyte from the
blood to other body compartments (Davis et al., 2008).

Table 7: Mean of monocyte (%) of sexually mature

363 female mallard duck at stage III after treatment
500 with cadmium (CdCl,) and organochlorine
6.50 pesticide (B-BHC) in feed

Treatment OCP (B-BHC)
Oppm (PO) 0.0 ppm (P1) Mean
cd 0 ppm (Cd0) 2.25™ 5.00%
0.05ppm (Cdl)  6.50™ 3.50%%
010ppm (Cd2)  12.25% 0.75”
Mean 7.00 3.08 5.04

In row, different letters (x, y) are significantly different at 5% level; In column, different

letters (a,b) are significantly different at 5% level

Monocytes are phagocytic cells which are associated with
defence against infections and bacteria (Davis et al, 2008).
There was no significant individual effect of Cd and B-BHC
on monocyte at stage III, but highly significant interaction
was observed (P<0.01). At stage I, lowest dose of B-BHC
(0.033 ppm) significantly increased monocyte (6.5 vs 2.34),
but not Cd. Monocyte of Control (CdOPO; 2.25 %) was not
significantly different with 0.1 ppm B-BHC (CdOP1) and
0.05 ppm Cd (Cd1P0). Clearly with the increasing level of
Cd, monocyte increased, but in combination with 0.1 ppm
B-BHC, monocyte decline proportionally (Table 7).
According to Lall and Dan (1999), cadmium at a very high
dosage (30, 100 and 300 ppm) in mice suppressed both
humoral and cellular immunity with simultaneous increase
in the level of blood corticosterone. Increase of
corticosterone concentrations due to stress may reduce
monocyte accumulation at inflammatory sites. Apparently
in our studies, even if the level of Cd is very low (<0.10 ppm)
if it is combined with f~-BHC, the impact on stress is similar
to high Cd level as manifested by the decline in monocyte.
This corticosterone stimulated reduction in macrophage
numbers can also be attributed to inhibition of enzymes for
phagocytosis and inhibition of secretion of interleukin-2,
the cytokine needed for proliferation and maturation of
lymphocytes in chickens (Mumma et al., 2006).

Briefly, Hepatosomatic Index, Ovarysomatic Index,
number of White Blood Cells and % heterophil were
suppressed by Cd, while p - BHC suppressed the %
lymphocyte and number of Red Blood Cells. The
combination of both residues reduced percent Packed Cell
Volume and 9% monocyte. Apparently, Cd is more a
productivity and food safety threat than B-BHC as Cd
suppressed HSI, OVI and many other important
haematological response parameters. However even if the
Cd level is low (<0.10 ppm), the negative effect is enhanced
by BHC and the phagocytic activation done by Cd is
inactivated by the organochlorine pestice residue or p~BHC.
Interaction effects of both Cd and BHC masked their
individual effects on haematological parameters, and their
combined effects even at low levels are compounding hence
becoming a silent threat to domestic Mallard productivity.
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