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Abstract: The current study aims to compare the relationships of some
biological parameters of young grass carp, Ctenopharyngodon idella
(Valenciennes, 1844) fed on artificial diet and alfalfa in earthen ponds. These
parameters included length-weight relationship, relative length and weight of
the alimentary canal, condition factor and survival rate. Results of lengthweight relationship showed that no significant differences (P>0.05) were
recorded for the t-test for the ideal value of 3 for fishes fed on artificial diet or
alfalfa plant. The condition factor of young grass carp fed on artificial diet
ranged between 0.021 to 1.074, while for fishes fed on alfalfa plant was 0.023
to 1.270 for allometric and Fulton’s condition factor, respectively. Also, there
was no significant difference (P>0.05) for fishes fed on both diets in all
biological parameters, the relative length of the alimentary canal for fishes fed
on artificial diet (1.65) and on alfalfa plant (1.69), while the relative weight of
the alimentary canal were 0.0285 and 0.0218 for fishes fed on both diets,
respectively. Results also showed that the Zihler coefficient were 7.43 and
7.62, respectively. The survival rate was 100% for both treatments.
Keywords: Condition factor, Length-weight relationship, Grass carp, RGL,
RGM, ZI

Introduction
The grass carp is a species of the carp family Cyprinidae and its genus
Ctenopharyngodon includes only one species (Chilton & Muoneke, 1992), but in
2018, this fish was transferred from the carp family and included in the family
Xenocyprididae (Tan & Arbrumster, 2018). The grass carp, C. idella is considered
as number one for aquaculture in the world since 2014, which has the ability to
withstand various environmental conditions, as well as the ease of cultivation and
the availability of nutritional requirements. Its acceptance by the consumer had led
to the success of its cultivation on a large scale, so, the global production of grass
carp reached 10500 tons in 2018 (Ni et al., 2018; FAO, 2020).
Received July 21, 2021, accepted Aug. 24, 2021

2

Muhammed et al.

The study of length-weight relationship is of paramount importance in the field
of fish biology, as through this relationship, it is possible to know the health of
fishes and it is important in the field of fisheries (Oliveira et al., 2020). Through
this relationship and by using mathematical relationships, weight can be predicted
in terms of length or vice versa in fish populations, as well as the history of the fish
life and changes that occurred in fish communities and thus their importance
demonstrated in the management and exploitation of fish populations (Mortuza &
Almisned, 2013, 2015). Dhanze & Dhanze (1997) studied the length-weight
relationship of grass carp under the agro climatic zone of Himachal Pradesh.
Wanner & Klumb (2009) studied the length-weight relationship and condition
factor of three Asian carps in the Missouri River, while Riberio et al. (2015) studied
the length-weight relationship of C. idella fed on artificial diet, vegetable diet and
mixed diet. Chitrakar & Parajuli (2017) showed that the relationship of length and
weight of grass carp is important in the management of fish farming, which enables
fish workers to know many things such as size, age and composition of the fish
community as well as the health of the fishes, and that the relationship of length and
weight in the same species may differ in fish populations because of feeding and
fishing.
Gut morphology and trophic level in fishes are closely related. Relative gut
length (RGL) is usually correlated with fish diet (Geevarghese, 1983; Elliott &
Bellwood, 2003; Karachle & Stergiou, 2010).
The condition factor (K) is widely used in the field of fisheries and fish life
studies. It indicates the health and fatness of fishes and the appropriate
environmental conditions for the growth of fishes (Mortuza & Almisned, 2013).
The current study aims to compare some biological parameters in young grass
carp fed on artificial diet and alfalfa in earthen ponds at Basrah Province.
Materials and Methods
Study Site
The experiment was done in the earthen ponds of the Aquaculture Unit, which is
located at the Agricultural Research and Experiments Station (College of
Agriculture, University of Basrah). The station is located in the district of AlHartha, north of Basrah (300 65' 64.6''N, 470 74' 79.5''E). The station contains four
ponds, the area of each one is 2500 m2 besides 14 small ponds (600 m2 each).
Environmental Factors
Some environmental factors (temperature, pH, salinity and dissolved oxygen)
were measured by using a digital device of the type Lovibond Senso Direct 150.
Fishes and Experimental Ponds
Small ponds (600 m2) were used with a water depth of 1.5 meters. Six ponds
were drained entirely for 10 days till complete dryness before the experiment
started. Then, they were filled with fresh water and left for several days for the
purpose of developing the natural food. The source of water was from one of the
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branches of Shatt Al-Arab River. The experimental ponds were provided with
screens at the water inlet and outlet pipes to prevent the escape of the experimental
fishes and to prevent access of alien organisms.
Young grass carp (6.3±0.28 g) were transported from Dhi Qar Province on 7 July
2019 to the Marine Science Center ponds. After seven days, they were transferred
to the experimental ponds and distributed at a density of 1 fish/m2 in each pond.
Three replicates for each of the artificial diet and the alfalfa plant were used. On 26
July 2019, a random sample of about 100 fishes from each pond was taken by using
a seine net for measuring length and weights before starting the experiment. After
the end of the experiment (10 Dec. 2019), ponds were drained entirely, and all
fishes were counted and a subsample for length and weight were determined.
Feeding Management
The daily feed quantity was calculated in respect to the total live fish weight in
each pond, as fishes in ponds 1, 2 and 3 were fed on artificial diet (5% BW/day)
which was manufactured in the Feed Production Plant of the Agricultural Advisory
Office belongs to the College of Agriculture, University of Basrah (Table 1).
Fishes in ponds 4, 5 and 6 were fed with the alfalfa plant (50% BW/day), which
was achieved from local markets. Because the fishes were small in size at the start
of the experiment and were incapable to consume all parts of alfalfa, the process of
cutting the plant was carried out by using an electric cutting machine designed for
this purpose, until the fishes reached a size enable them to eat all the parts of the
plant.
The daily feed ration for each treatment was divided into three equal meals; the
first fed in the morning, the second in the midday and the third in the afternoon.
Meals were manually distributed throughout the experiment period. The
measurement of fish weight was repeated every 20 days, as the daily feed quantity
was adjusted on the basis of the new weight of the fishes.
Table 1: Ingredients and proximate composition of the artificial diets.
Ingredients
%
Chemical analysis (%) as dry matter
Fish meal
20
Moisture
9.67±0.58
35
27.12±0.82
Wheat flour
Crud protein
23
6.11±2.47
Wheat bran
Crud lipid
20
7.61±0.54
Soybean meal
Ash
2
46.82±2.35
Carbohydrates
Vitamins and mineral
premix
4272.50±60.10
Total energy (Kcal/kg)

Measuring Biological Parameters
Length-Weight Relationship
To calculate the length-weight relationship, the formula of Le Cren (1951) was
used to estimate the relationship between the weight (g) of the fish and its total
length (cm), by using the linear regression of the equation: W = a Lb where a and b
are the coefficients, L is the total length (cm) and W is the wet weight (g).
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Condition Factor
Fulton’s condition factor was calculated as Kf = 100×W/L3
Allometric condition factor was calculated as Ka = W/Lb
Relative condition factor was calculated as Kn = W/aLb
Fulton’s condition factor was calculated according to Froese (2006) and both
allometric condition and relative condition factors were calculated according to Le
Cren (1951).
Gut Parameters
The alimentary canal of each fish was removed from the body and gut was then
uncoiled to measure gut length (GL) to the nearest centimeter. After emptying the
contents of the alimentary canal for measuring its weight to the nearest 0.5 g, the
gut parameters were calculated according to Zihler (1981) and German & Horn
(2006) as in the followings:
Relative gut length (RGL) = gut length in cm/ standard length in cm
Relative gut mass (RGM) = gut mass in g/ body mass in g
Zihler’s Index (ZI) = gut length in mm/ 10 x (body mass in g) 1/3
Number of fishes alive
Survival Rate (SR) = ------------------------------------------- x 100
The total number of fishes stocked
Statistical Analysis
One-way analysis of variance (ANOVA) was used to test all parameters. This
statistical analysis was accomplished with the computer software SPSS package
Version 22.
Results
Environmental Factors
The values of environmental factors during the experiment period (Table 2)
showed that water temperature was the most mutable factor. The highest
temperature (27.2 °C) was recorded during July and the lowest temperature (18.7
°C) was during December. pH value in December was 7.5 and in November
reached 8.4. Water salinity fluctuated from 4.8 psu in September to 9.3 psu in July.
Dissolved oxygen was in its highest level (7.5 mg/l) in December, while the lowest
level was 6.4 mg/l in August.
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Table 2: Environmental parameters during the experimental period.
Period
27 July
15 Aug.
3 Sep.
25 Sep.
17 Oct.
9 Nov.
10 Dec.

Temp. (°C)
27.2
25.9
26.1
26.6
23.6
19.6
18.7

pH
8.1
7.9
8.1
7.8
8.1
8.4
7.5

Salinity (psu)
9.3
6.3
4.8
5.1
5.6
5.6
5.1

DO (mg/l)
6.7
6.4
6.8
6.7
7.1
6.9
7.5

Length-Weight Relationships
Figure 1 represents the relationship between length and weight of young grass
carp before the experiment. As the value of b was equal to 2.3085, this value
represented significant differences (P≤0.05) for the t-test from the ideal value of 3,
while the coefficient of determination (R2) was 83.54%. Figure 2 represents the
length-weight relationship of grass carp fed on artificial diet. The value of b equals
to 1.971. This value indicated significant differences (P>0.05) for the t-test from the
ideal value of 3. The coefficient of determination (R2) was 0.56.20%. As for the
treatment of grass carp fed on alfalfa plant, the value of b was 2.5563. Also, this
value indicated significant differences (P>0.05) for the t-test for the ideal value of
3, while the coefficient of determination (R2) equaled 78.73% (Figure 3).
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Figure 1: Regression curve of length-weight relationship of young grass carp before
experiment. a = 0.0618, b = 2.3085, R2 = 83.54% and n = 100.
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Figure 2: Regression curve of length-weight relationship of young grass carp fed artificial
diet. a = 0.1716, b =1.971, R2 = 56.20% and n = 184.
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Figure 3: Regression curve of length-weight relationship of young grass carp fed alfalfa
plant. a = 0.0413, b = 2.5563, R2 = 78.73% and n = 180.

Condition Factor
Table 3 showed values of three condition factor formulas of young grass carp
before and after the experiment. It was noticed that the fishes fed on the artificial
diet had a condition factor value less than fishes fed on alfalfa plant, while values of
Kf and Ka before experiment were higher from both treatments. The results of the
statistical analysis showed that there were no significant differences (P>0.05)
between both treatments in all condition factor formulas, while only values of Kf
and Ka of grass carp before experiment differ significantly (P≤0.05) with values
after experiment.
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Table 3: Total body length and weight, average weight gain and condition factor of young
grass carp before and after the experiment (Mean±SD).
Treatment
Parameters
Before experiment
After experiment
Artificial diet
Alfalfa plant
Number of fishes
100
184
180
Min.
4.2
4.7
8.0
Total length (cm)
Max.
6.9
20.5
36.4
Min.
2.1
10.0
17.5
Body weight (g)
Max.
5.3
100.0
530.0
Average weight gain (gm)
6.74
15.29
a
b
Kf
1.873 ±0.21
1.074 ±0.054
1.145b±0.148
a
b
Ka
0.064 ±0.019
0.021 ±0.001
0.023b±0.003
a
a
Kn
1.004 ±0.091
1.056 ±0.058
1.046a±0.144
Data with different superscripts are signiﬁcantly different (P<0.05).
Kf= Fulton’s condition factor, Ka = Allometric condition factor and Kn = Relative
condition factor.

Gut Parameters
Average relative gut length (RGL) and Zihler’s Index (ZI) showed that there was
no significant difference (P>0.05) between young grass carp fed artificial diet
(1.65,7.43) and alfalfa plant (1.69,7.62), respectively, while relative gut mass
(RGM) showed significant differences (P≤0.05) between artificial diet (0.0285) and
alfalfa plant (0.0218) as in in Table 4. In both treatments, survival rates were 100%.
Table 4: Gut parameters and survival rate of young grass carp fed artificial diet and alfalfa
plant (Mean±SD).
Parameters
Artificial diet
Alfalfa plant
Relative gut length (RGL)
1.65a±0.25
1.69a ±0.06
Relative gut mass (RGM)
0.0285a±0.0025
0.0218b±0.0033
a
Zihler’s Index (ZI)
7.43 ±1.05
7.62a±0.22
Survival rate (%)
100a
100a
Data with different superscripts are signiﬁcantly different (P<0.05).

Discussion
The relationship of length and weight is of great importance in the field of fish
life. It helps to know growth, mortality and reproduction (Moutopoulos & Stergiou,
2002; Naeem & Salam, 2004). Its deviation from the standard value means that the
increase occurs in the direction of length or weight at the expense of the other, and
thus, the growth in it is non-standard (Bagenal & Tesch, 1978). Results of the
current study showed that growth is negative allometric before experiment and after
the experiment, the growth in both treatments. This result is different from that of
Riberio et al. (2015) who recorded the existence of significant differences in this
relationship for different treatments of grass carp in ponds.
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Results of the current study is coincided with Taher (2020) who indicated that
growth is negative allometric before and after the experiment. Moreover, the results
of the current study is different from both Bhosale & Bhilave (2014) and Chitrakar
& Parajuli (2017) of grass carp in that the growth in both these two studies was
positive allometric with the artificial diet, while it was negative in the current study.
The value of slope (b) may be deviated from the “ideal value” of 3 which represents
an isometric growth (Ricker & Carter, 1958) because of certain environmental
conditions or factors related to the fish themselves. When b is less than 3, fishes
become slimmer with increasing length, and growth will be negatively allometric.
But when b is greater than 3, fishes become heavier, showing a positive allometric
which reflecting optimum conditions for growth.
Condition factor is an important life measure that is useful in knowing the
suitability of the water for fish growth and is used as an indicator of growth,
nutritional density and health status of fishes (Le Cren, 1951). The results of the
current study indicated that the Fulton’s condition coefficient for both treatments
was >1. This is an evidence of the suitability of the environment for the growth of
this species. This corresponds to Chitrakar & Parajuli (2017), while Kristan et al.
(2018) recorded a value 0.90 of condition coefficient. The current study recorded a
lower condition coefficient than what was recorded by Abbas et al. (2014) when
comparing it to the condition coefficient of thaila (Catla catla), rohu (Labeo rohita)
and common carp (Cyprinus carpio), as it recorded a condition coefficient of 3.4,
2.72 and 2.77, respectively.
Results of the present study is similar to that of Riberio et al. (2015) with no
significant differences for the condition coefficient between the different
treatments. Nekoubin & Sudagar (2012) recorded a condition coefficient for jet
plant of 0.9 and processed a ration of 0.8, which is less than what is recorded in the
current study. Result of the current study is coincided with Nekoubin & Sudgar
(2012) who showed that grass carps prefer plant rations over other rations. Choi et
al. (2016) studied the growth of grass carps on food waste and commercial diets in
Hong Kong and found that grass carps prefer plant-based proteins over animalsource proteins, the use of carbohydrates as an energy source instead of fat, and that
the high percentage of fat in the diet leads to reduce the growth and accumulation
of fat in fish tissues.
The survival rate in the current study was 100% for all treatments. This is
consistent with Devaraj et al. (1986), Cremer et al. (2005), Al-Shkakrchy &
Ahemed (2013) and Taher (2017), but it differed with other studies such as Toutou
et al. (2018) who recorded a survival rate of 81.69%, while Nekoubin & Sudgar
(2012) found, by using three diets; plants, manufactured and commercial feeds, that
the survival rate was 53.77, 89.12 and 40.18%, respectively. Hossain et al. (2020)
found that the survival rate of grass carp fed on plants was higher than that fed on
manufactured ration.
In general, the relative length of the alimentary canal (RGL) reflects the nature
of feeding in fishes. If RGL is <1, then the fishes are carnivorous, if it is <3, then
they are omnivorous feeding and if RGL is >3, then they are herbivorous (Ward-
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Campell et al., 2005). The results of the current study showed that there were no
significant differences in the relative length of the alimentary canal of fishes fed on
artificial diet and alfalfa plant. This matched with Hama et al. (2019), in which it
was demonstrated that adding alfalfa powder to the diet did not affect the length or
weight of the alimentary canal in common carp. From the RGL values recorded in
the current study, it was found that grass carps are omnivorous. It is known that
grass carps are herbivorous, but this is in larger sizes of fishes compared with the
small sizes used in the current study. This conclusion is in agreement with Day et
al. (2011), in which they showed that some fishes do not eat plants, not because of
their alimentary canals, but because of the mechanism of the mouth and pharynx.
White (2013) showed that many fishes start their lives as omnivorous feeding and
then turn to herbivorous feeding. White (2013) recorded relative length of the
alimentary canal in the small marine fishes feeding (0.54) less than what was
recorded in the present study. Grass carps in the beginning of the experiment could
not eat the alfalfa plant before the process of cutting and chopping it. This is in
agreement with Hemlata et al. (2016) where the plant Zizania latifolia was cut and
smashed before feeding grass carps, as well as with Shireman & Smith (1981) who
showed that grass carps feed on wild plants prefer soft ones.
Statistical analysis of the average relative gut weight (RGM) for current
experiment showed that there were significant differences (P≤0.05) between both
treatments. However, German & Horn (2006) did not noticed any significant
differences in the value of the relative gut weight between carnivorous and
herbivorous fishes.
Results of the statistical analysis showed that there were no significant
differences in the values of Zihler’s Index (ZI) for grass carps fed on artificial diet
and alfalfa plant, in spite, it was highest in fishes fed on alfalfa plant. German &
Horn (2006) recorded ZI value of 0.49, which is less than values of the current
study. The reason is may be due to variations of species and fish size compared to
the present study.
In conclusion, the present study points out the importance of alfalfa plant for
feeding young grass carps, especially in ponds, as well as its effect on biological
parameters compared to artificial diets. This importance may be useful in the
production of future culture projects. Artificial diets could be used for large sized
fishes as the development of their alimentary canal is completed.
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Abstract: This study was conducted to investigate the effect of a number of
drugs on the viability of primary protoscolices isolated from sheep infected
with the larval stage of E. granulosus. These drugs included Oxfendazole
(OFZ) at a concentration of 0.05 mg/ml, mixed with Praziquantel (PZQ) at a
concentration of 4 mg/ml and Albendazole (ABZ) at a concentration of 1
mg/ml. The results showed that OFZ was the most effective in influencing the
viability of the protoscolices. The percentage of killing after five minutes of
treatment was 85.63% and it was 17.21%, 15.10% and 13.09% for OFZ+ABZ,
OFZ+PZQ and ABZ+PZQ, respectively. After 30 minutes, the killing
percentage was 99.04%, 71.63%, 40.19% and 31.09%, respectively. The
percentage of killing reached 100% after 35 minutes, 40 minutes, 2 hours and 3
hours, respectively. The results confirm the use of OFZ as a lethal drug, or a
viability-suppressant for protoscolices in the future, after conducting more
researches to know the side effects of this drug in laboratory animals for access
to the best treatment to those infected with hydatid cysts.
Keywords: Echinococcus granulosus, Oxfendazole, In vitro, Chemical drug

Introduction
Surgical treatment of hydatid cysts is the first line of treatment in humans,
despite of the possibility of leakage of hydatid cystic fluid, that leads to the
occurrence of secondary hydatid cysts (Khuroo et al., 1997), or the patient is not
medically qualified for surgery, or the cyst may fall in locations that are difficult to
deal with surgically, such as cerebral hydatid cysts or attached to the heart or spinal
cysts. However, serious risks during hydatid cyst surgery are not completely safe
and have various adverse side effects (Alyousif et al., 2021). So, researchers were
able to find alternative means to surgical treatment by using drugs that are only
partially successful, including the use of ABZ (Filice et al., 1997) which is one of
the effective drugs in the preventive treatment after surgical operations, and cases
that cannot be treated in alveolar and cystic hydatid disease (Blanton et al., 1998).
The drug ABZ is absorbed by the small intestine and metabolized into some
derivatives, including Albendazole sulphoxide (ABZSO) which is involved in the
effective therapeutic activity of the hydatid sacs (Cotting et al., 1990), and it has the
ability to reach the germinal layer and primary protoscolices in the hydatid sac
(Morris et al., 1987; Nasr et al., 2014).
Received June 14, 2021, accepted Sep. 19, 2021
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Albendazole works to prevent polymerization of B-tubulin to the microtubules,
leading to the destruction of the parasite, which gave promising indications to
control the disease (Dayan, 2003).
The Praziquantel (PZQ) is a compound derived from isoquinline. It has an
effective impact on several types of tapeworms, including Echinococcus granulosus
(Batsch, 1876). PZQ is rapidly absorbed by the body when taken orally and is well
tolerated, with an average half-life of 1-2 hours (Chai, 2013).
Research has shown that ABZ has a slower killing effect on the protozoans if
used alone, compared to when used with PZQ (Urrea-Paris et al., 2000; Razmi et
al., 2009). Since PZQ works to increase the metabolism of ABZ to ABZSO by 4.5
times. The use of both drugs together has an effective impact on the secondary
hydatid cyst in the treated animals compared to the treatment regimen alone (Taylor
& Morris, 1989; Palomares et al., 2004), as the hydatid cysts were exposed to ABZ
and metronidazole (MTZ-S) causes a reduction in the size of the cysts as well as
damage to both the lamellated and germinal layers of the cyst (Nasr et al., 2014).
One of the veterinary drugs used to treat many tapeworms, including hydatid
cysts in sheep, cows and pigs, is Oxfendazole (OFZ). It is Fenbendazole methyl
ester sulfoxide (Phenylsulfinyl)-1-H-benzimidazole-2yl Carbamic acid. It is
absorbed by the intestine and present in the plasma for more than 144 hours after
treatment compared to ABZ which is present for a period of 60 hours after
treatment (Gavidia et al., 2009). The OFZ has the ability to penetrate the cyst wall
and kill the living tissue of the hydatid cyst and the separation of the internal
endocyst sacs. The cysts are calcified and the primary proto-heads are killed by
3.93% in sheep treated experimentally (Njoroge et al., 2005).
The mechanism of OFZ is the inhibition of microtubule polymerization through
its association with tubulin. It also prevents glucose uptake, which leads to paralysis
and death of the parasite, and it prevents the generation of energy in the form of
adenosine triphosphate (ATP) of the mitochondria. Therefore, it is considered as
one of the useful and inexpensive drugs for the treatment of tapeworm infection in
humans (WHO, 2014).
The current study aimed to investigate a drug that is effective on the primary
markers of the larval stage of E. granulosus within a short period of time and with a
lowest possible concentration to reduce its toxic effect on the cells of the body, in
the hope of obtaining effective methods of treatment.
Materials and Methods
Hydatid cyst samples were collected from infected sheep slaughtered in AlShu’ula City in Baghdad (Plate 1), and transferred in a refrigerated container to the
laboratory to isolate the protoscolices from the germinal membrane (Plate 2)
according to Dueger et al. (1999). An amount of percentage of the viability of
protoscolices according to penetration of eosin stain (0.1%) that appeared in bright
green color was calculated compared to the dead protoscolices that were stained in
red (Plate 3) after each exposure period. The viability percentages was determined
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by calculating the percentage of dead and live protoscolices by means of an eosin
exclusion experiment according to Smyth (1985).
The protoscolices were placed in the preservative medium (Krebs-Ringer
solution + hydatid cyst fluid in a ratio of 1:4) according to Smyth & Barret (1980).
One ml of the solution containing an unknown number of protoscolices was taken
with the preserving medium and stirred with a vibrator. Ten microliters were taken
from the proprietary suspension (primary capillaries + preservative medium) and
mixed with 10 μl of eosin dye and examined under the microscope. The rate of
three replicates was adopted (Schwabe et al., 1963).
OFZ (concentrated 0.05mg/ml), 2- ABZ at a concentration of 1.0 mg/ml, 3- PZQ
at a concentration of 4.0 mg/ml. These concentrations were prepared in
physiological solution (normal saline 0.85%). According to Wangoo et al. (1989),
100 microliters of the concentrations under study were placed in each test tube, 100
microliters of the primary capillary suspension were added, and the tubes were
incubated at a temperature of 37 °C. After 5-35 minutes, the viability of the
protoscolices was calculated. Then the percentage of viable protoscolices (viability
rate) was determined by counting a minimum of 100 protoscolices (as a ratio of
number of viable protoscolices to total protoscolices). The survival rate of the
protoscolices was taken after examining them under the microscope at X10 (Plate
3).
One-Way ANOVA (Fisher test) and SPSS program (V.15) were used to analyze
the results, and P<0.05 was considered as statistically significant value.
Results
The results (Tables 1-4) showed that each of the used drugs (OFZ, OFZ+PZQ,
OFZ+ABZ and ABZ+PZQ) at the used concentrations were lethal substances for
the primary targets and that the percentage of killing increased with time to varying
degrees compared to the control group, in which 98.79% remained viable for the
duration of the experiment. The results of the statistical analysis confirmed that
there were significant differences at the probability level of 5 (P<0.0). As the
percentages of killing when treating the primary principals with OFZ, ABZ+PZQ,
OFZ+ABZ and OFZ+PZQ for five minutes were 85.63%, 17.21%, 15.10% and
13.44%, respectively. After 30 minutes, the percentage of killing were 99.04%,
71.63%, 40.19% and 31.09%, respectively. The 100% percentage of killing for
OFZ was 35 minutes, for OFZ+ PZQ was 40 minutes, and for OFZ+ABZ was 2
hours, while that for ABZ+PZQ was three hours.
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Table 1: Effect of OFZ on protoscolices viability in vitro.
S.E total percentage
(%) of killing
85.63±0.61
90.33±0.33
91.88±0.12
95.65±0.56
97.56±0.17
99.04±0.04
100±0
1.2±0

Number of
viable
protoscolices
75
63
55
21
14
9
0
2450

Number of
killed
protoscolices
447
610
510
460
563
944
873
30

Total number
of protoscolices

Time
(minute)

522
673
555
481
577
953
873
2480

5
10
15
20
25
30
35
Control

Table 2: effect of OFZ+PZQ on protoscolices viability in vitro.
S.E total percentage
(%) of killing
17.21±0.02
29.03±0.35
43.09±0.27
52.66±1.16
63.88±1.27
71.63±0.76
98.08±0.07
1.2±0

Number of
viable
protoscolices
1669
1752
1072
1180
940
535
39
2450

Number of killed
protoscolices

Total number of
protoscolices

Time
(minute)

347
715
810
1300
1650
1360
1977
30

2016
2467
1882
2480
2590
1895
2016
2480

5
10
15
20
25
30
35
Control

Table 3: Effect of OFZ+ABZ on protoscolices viability in vitro.
S.E total percentage
(%) of killing
15.10±0.04
18.30±0.07
20.79±0.18
28.15±0.39
33.19±0.33
40.19±0.14
42.33±0.16
1.2±0

Number of
viable
protoscolices
1899
960
1452
1212
1671
1093
1186
2450

Number of killed
protoscolices
338
215
380
475
830
735
870
30

Total number
of
protoscolices
2237
1175
1832
1687
2501
1828
2056
2480

Time
(minute)
5
10
15
20
25
30
35
Control
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Table 3: Effect of ABZ+ PZQ on protoscolices viability in vitro.
S.E total percentage
(%) of killing
13.44±0.13
15.23±0.12
17.47±0.16
18.56±0.15
20.32±0.10
31.09±0.27
35.60±0.24
1.2±0

Number of
viable
protoscolices
1312
1450
1916
1228
1708
1708
1255
2450

Number of killed
protoscolices

Total number of
protoscolices

Time
(minute)

203
260
405
280
435
340
695
30

1515
1710
2321
1508
2143
1097
1950
2480

5
10
15
20
25
30
35
Control

Plate 1: Liver infected with hydatid cysts.

Plate 2: Hydatid cyst germinal membrane.
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Plate 3: Microscopic view showing the viable (bright green) and dead protoscolices (red).

Discussion
One of the important criteria for evaluating the efficiency of any chemical drug
used in the treatment of hydatid cysts is the access of that drug to the parasite’s
structure. Generally, these drugs have partial effects in treating the disease in
humans and animals, depending on the development of the disease (WHO, 1914).
Due to the importance and seriousness of this disease, many attempts and
solutions have been taken to reduce or limit the infection and its spread among
intermediate hosts including humans. In this experiment, the preservative medium
(Krebs-Ringer solution + hydatid cyst fluid at a ratio of 1:4) was adopted to
maintain the protoscolices. It is a complex solution that contain different materials
commensurate with the need of protoscolices of nutrients (Smyth & Barret, 1980).
The viability percentage of protoscolices at the beginning of the experiment at
time zero was 98.79% for all drugs used. As the penetration of eosin pigment is a
physical process, so any physiological defect occurs for any reason, permeability
increases and hence it allows the dye to enter, while the live protoscolices continue
to display their usual green color (Erzurumlu et al., 1995).
Drugs from benzimidazole derivatives, which are chemicals their effectiveness
against animal and human cystic echinococcosis have been proven by many
researchers (Chrieki, 2002).
Albendazole is used in the field for preventive treatment after surgeries, in cases
that cannot be treated surgically and when it is metabolized to ABZSO which has
the ability to reach the protoscolices and the germinal layer inside the hydatid sac
(Morris et al., 1987).
The monotherapy of ABZ or PZQ has lower toxicity to ex vivo protoscolices
than if it is used in combination of ABZ + PZQ (Urrea-Paris et al., 2000).
Mixing more than one drug may lead to the formation of a complex that may
remain for a longer period. This means an increase in the period of exposure of the
protoscolices to the drug, and thus increase its effects on the protoscolices (Hameed
et al., 2010). When a mixture of ABZ + PZQ was used in treating mice
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experimentally infected with hydatid cysts, it gave better results than if the two
drugs were used separately (Pérez-Molina et al., 2011).
The use of ABZ and MTZ together caused a reduction in the size of the hydatid
cyst and damaged the germinal membrane with exfoliation of the laminated layer of
the hydatid cyst. The possibility of using the treatment resulting from the
combination of ABZ + PZQ in patients is achieved with hydatid cysts that cannot
be surgically removed (Al-Obaidi et al., 2008).
The use of ABZ + ABZSO increases the gaps and the appearance of many fatty
droplets and platelets, which can be considered as one of the direct effects of the
mixed drug used in the chemical treatment of hydatid cysts (Pérez-Serrano et al.,
1994, 2001).
It was noticed that a mixture of ABZ + ABZSO caused damage to the germinal
layer, including the appearance of cytoplasmic protrusions with the appearance of
many gaps upon examination by the electron microscope as stated by some
researchers in treating the protoscolices with different chemical compounds (PérezSerrano et al., 1994, 2001).
In the current study, OFZ, OFZ + PZQ, OFZ + ABZ and ABZ + PZQ were used
that killing protoscolices at rates of 100%, 98.08%, 42.33% and 35.60%,
respectively after 35 minutes (Tables 1-4). The mechanism of the action of the
chemical drugs depends on the interaction with the cytoskeletal protein, which is Btubulin, and preventing its polymerization into microtubules. Pyridazine derivatives
bind with the parasite tubulin and work to reduce glucose uptake, which in turn
leads to depletion of glycogen stores, producing degradative changes to the
endoplasmic reticulum and mitochondria in the germinal layer, the release of
lysosomes and the occurrence of larval autolysis (Ingold et al., 1999; Walker et al.,
2004). The use of more than one drug to treat sheep naturally infected with hydatid
cysts gave encouraging results, including the use of OFZ with the NTZ. No side
effects were observed in any of the treated groups (Kern, 2003).
The effective impact of OFZ in killing the protoscolices may be due to the
presence of nitrogen atoms, each of which has an electron pair capable of forming
bonds or competitive bonds with the parasite cell, thus forming cytotoxic
compounds that bind to the protein of the protoscolex, causing its death. As the
benzimidazole derivatives possess a hydrogen atom number 1, it is important
against E. granulosus protoscolices (Gavidia et al., 2010). These substances reduce
the activity of many enzymes. Killing occurs as a result of enzymes present in the
parasites that work to convert this drug into a cytotoxic drug, because the toxic
compound resulting from this activation process cause damage to the DNA of the
parasite (El-Harti et al., 2014).
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Abstract: Noise is an unavoidable stressor nowadays; it adversely
affects human health and the ability to perform mental and complex
tasks. Eight selected points representing home environment were
sampled in urban zones, the indoor and outdoor noise levels in these
residential areas were evaluated during the summer and winter
seasons. Also, nine points in educational institute represented by the
College of Science through its lecture halls, laboratories and corridors,
to compare them with WHO limits of sound pressure levels, to assess
the level of noise experienced by people in indoor closed
environments. The current study results showed higher sound levels
than required inside homes and educational places. For homes, the
highest sound level was 73.9 dB during summer in the living room
and the lowest was 42.1 in winter in the bedroom, while the highest
sound level in the educational environment was 72.37 dB in summer
and the lowest was 61.75 dB in winter. Exposure of individuals to
high levels of noise in educational institutions and in their homes
means longer hours of exposure to noise pollution, which will
negatively affect their health. Thus there is a serious need nowadays
to adopt suitable control to reduce noise pollution at indoor points.
Keywords: Noise pollution, Indoor environments, Sound level, Sound
pressure, Basrah

Introduction
The civilized development for human beings harmed their environment
and all the organisms living in it. Noise pollution is a result of technology
and one of the important problems in cities around the world. It has
adverse effects on the behavior and productivity of the organisms and the
quality of life (Maisonneuve et al., 2010).
Noise may be deemed an atmospheric contaminant like gaseous and
particulate contaminants (Chambers, 2005). It could be defined as the
undesirable sound that causes inconvenience and lack of focusing. It is also
defined as inconsistent voices mixture of unwanted continuity that causes
disturbance to the recipient. Noise level is usually measured in decibel
(dB) to express the sound level pressure. It represents the internationally
Received Sep. 2, 2021, accepted Nov. 1, 2021
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known unit for measuring sound and noise intensity (Stansfeld &
Matheson, 2003).
Noise damages human health since it is not easy to recognize noise
pollution. The human ear sensitivity gets automatically adjusted to the
ambient level of sound, and any slow increases in the ambient level of
sounds will be unnoticed (Pritam et al., 2014).
Focusing certain sound waves on the ear will not only damage the
person auditory ability or causing noise-induced hearing impairment. Still,
it can also cause physiological effects, headaches, insomnia, lack of sleep
in addition to high blood pressure and increased heart rate, as well as
interference with speech communication, affecting mental health and
human performance (WHO, 1999; Evans & Hygee, 2007; Zannin et al.,
2013).
A ratio of 33.4% of the total civil complaints in the environmental field
is counted for noise problems (Kim, 2013). Stansfeld et al. (2005) and
Szalma & Hancock (2011) showed that permanent exposure to noise can
negatively affect children’s awareness and affect the language skills and
central processes of the brain also cause a lack of focusing and visual
attention.
Noise significantly affects all the living environment, not only humans.
Rheindt (2003) showed the negative impact of high noise on both the
richness and the biological diversity of birds in areas close to motorways
and their abundance in these areas compared to the areas of control which
are free of car noise.
Measuring noise pollution has become necessary in recent times as a
result of its widespread. Ordinary people can participate in it. Maisonneuve
et al. (2009) relied on several citizens to monitor noise pollution in their
areas by linking them to the network through ‘noise tube’ site, which was
created to help participants entering data into this network, monitoring the
noise levels in their cities and drawing a map of it by downloading an
application that turns the phone into a sound level measuring device.
Increasing people's awareness of the dangerous effects of noise
pollution can effectively solve this problem. Singh & Joshi (2012) found
that noise pollution decreased in the last three years of their study,
recording the lowest noise levels in 2009 compared to 2008 and 2007.
According to them, the main reason for this is the increase of cultural and
scientific awareness of the inhabitants of their city.
Noise sources can be divided into indoor and outdoor sources. Outdoor
sources include workshops, transportation and roads noise. Indoor sources
of noise pollution include social noise caused by individuals and noise
from various household devices such as TV, hair dryer and others (Farid et
al., 2013).
Some previous studies in the city of Basrah (Al-Hassen, 2013; Qzar et
al., 2020) dealt with noise pollution in educational environments and

Noise pollution monitoring at some indoor environments in Basrah City, Iraq

26

concluded that there are noise levels higher than the accepted limits. While
Karem et al. (2016) studied the noise level in West Qurna field in Basrah,
which represents an industrial environment, and by comprising their results
with standard levels, they found that sound level for this field lies within
the recommended guidelines.
This study aimed to assess the level of noise experienced by people in
closed indoor environments as an important factor impacting life type
since outdoor noise sources can be avoided and kept away from them.
Also, it aimed to recognize whether the sources of that indoor noise are
induced from the outside or original from the inside.
Materials and Methods
Digital sound level meter type SL-814 (range: 40-130 dB) was used to
estimate the volume of sounds in two indoor environments; houses and
educational institutes.
Eight houses in five residential areas were selected for this study. Their
areas ranged from 150 to 200 m2. They had common points; all are distant
from industrial and commercial areas and motorways and family members
ranged from five to seven persons for each, and having the same standards
of living. Measurements were taken in summer and winter seasons, during
three periods at the day; morning, afternoon and night, with five replicates
for each period.
Measurements were recorded in the houses for each room and the
outdoor by three repeats at different times of the day, taking into account
the accuracy of the measurement in terms of avoiding air currents,
choosing the location of the measure in the centre of the room, and
neglecting the wrong readings. The sound pressure level measurements of
several electrical household appliances taking three different repeaters per
device were also performed within one meter from the device.
Educational environments readings were recorded three times for each
of the twelve points. All the results were tested using SPSS statistics
version 22, under 5% significant degree.
Results
The current study showed a difference in the sound level between the
rooms of different houses, where the highest value (73.9 dB) was for the
living room in the summer. In comparison, the least (42.1 dB) was
recorded in the bedroom in winter (Table 1). Readings in summer were
markedly higher than them in winter (Figure 1).
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Table 1: Sound pressure level (dB) in some houses indoor and outdoor environments.
Sound pressure level
Sound pressure level
House
Room
House
Room
Summer
Winter
Summer
Winter

1

2

3

4

Bedroom
Living
room
Kitchen
Outdoor
Bedroom
Living
room
Kitchen
Outdoor
Bedroom
Living
room
Kitchen
Outdoor
Bedroom
Living
room
Kitchen
Outdoor

51±1.5

44±2.8

73.9±2.4

54.1±5.6

57.9±4.4
59.6±3.3

52.7±5.6
51.7±2.1

55±3.69

45.3±2.68

56.6±3.2

52.5±2.25

59.3±2.4
59.8±3.8
52.3±5.8

51.9±3.1
52±2.8
54.8±11.6

68.1±11.7

60.6±10.7

61.6±13.1

59.8±13.3

62.3±7.4
54.4±9.4

57.3±6.8
61.1±9.4

66.1±10.8

58.4±8.6

62±12.6
62.2±10.4

61.1±9.4
54.1±10.4

5

6

7

8

Bedroom
Living
room
Kitchen
Outdoor
Bedroom
Living
room
Kitchen
Outdoor
Bedroom
Living
room
Kitchen
Outdoor
Bedroom
Living
room
Kitchen
Outdoor

52.6±2

46.2±6.5

66.5±3.5

57.9±8.5

59.7±2.5
60.1±1.6

52.2±2.8
51±4.3

56±0.6

42.8±3

64.3±4.2

59.1±5

66.3±1
60±2
52.7±3.2

60.5±1.4
55.1±4
42.7±2.8

67.7±6.5

66.5±3.5

66.3±1

59.9±1.3

61±2.6
44.3±3.7

55.5±4.2
42.1±2

69.9±4.4

58.6±2.7

58.5±1.3
59.8±2.3

51.7±3.5
55±4.39

Figure 1: difference in sound level between summer and winter seasons in houses
indoor environment.
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Differences in the sound levels among the different halls of the educational
environment were recorded, where the highest value was 72.37 dB for the lecture
halls in summer and the lowest was 61.75 dB in laboratories at winter. The
readings in summer were markedly higher than they were in winter for educational
environments (Figure 2).

Figure 2: difference in sound level between summer and winter seasons at the indoor
educational environment.

There were no significant differences (P>0.05) between the living room
and the kitchen with the outdoor, while the bedroom significantly differs
from other rooms (Figure 3). For the indoor educational environment, there
were no significant differences (Figure 4).

Figure 3: Differences in sound level among different rooms of the house.
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Figure 4: Differences in sound level between different halls of the educational
environment.

These results showed that educational halls recorded a significant higher level of
sound, and there were a big difference between home and indoor educational
environments, which recorded significantly higher sound levels during summer and
winter in its halls (Figure 5).

Figure 5: Sound level difference between home and indoor educational environments.

The current results have shown that household electrical appliances significantly
influence sound levels in home interior environments in terms of additional noise
sources for indoor environments (Table 2).
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Table 2: Measurements of sound pressure levels (dB) for some devices indoor used.
Device

Sound pressure level (dB)

Ceiling fan

51.566

Hair dryer

81.133

Mixer

82.8

Split units

53.7

Other air conditioning

63.1

TV

58.5

Vacuum cleaner

101

Air-tight

64

Tugs

63

Fridge
Kid toys
Washing machine
Freezer

53.5
68
66.2
50

Discussion
Through the results of the current study, it was noticed that there is a
significant difference between the sound levels during the summer and its
levels in winter, where the readings in the summer were higher than in
winter due to the frequent use of air conditioners, fans, generators and
other noise-causing devices, in addition to the fact that people are more
active in the summer
The highest readings were in the living room due to the presence of a
TV, and a large number of people present in it compared to the rest of the
rooms of the house. While the least were in the bedroom due to the lack of
noise-causing devices in it. The readings of the kitchen room were also
high because of the presence of many electrical devices that export sounds
in it such as the air puller, refrigerator and others. However, Singh & Dev
(2010) considered that damage resulting from continuous noise exposure
might be eliminated when this exposure becomes a type of adaptation in
people’s life.
According to these results, one can say that indoor noise is self-induced,
especially when taking in consideration that outdoor sound levels recorded
less than in the living room and the kitchen in almost all the studied houses
with no significant differences between them. This could be due to the
wide use of different household appliances. Noise from residential events,
whether indoor or outdoor, may not seem like much or very important at
first, but when taking in consideration air conditioners, kitchen appliances,
dishwashers, washing machines, televisions, stereos, children and pets, the
general impact of these sources cannot be ignored. Moreover, a small
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increase in the number of tools, cars and devices used by modern industrial
societies can create a significant noise burden.
Part of the problems facing the researchers to determine noise damages
is the interaction between human, health, noise and disease is complex and
cannot be easily measured because man is not a negative recipient of noise.
A human can avoid exposure to it or minimize its impact on him in
different ways, in addition to the difference in ear sensitivity from one
person to another. Therefore, identifying the type of harm that noise can
cause to health cannot be measured precisely (Stansfeld & Meatheson,
2003).
The level of sound in the studied houses was unacceptable and noisy
according to NBR 10152:1987 (Associação Brasileira de Normas
Técnicas, 1987), the Federal Environmental Protection Agency (FEPA,
1995) and World Health Organization (WHO, 1999).
According to standard NBR 10151:2000, sound levels at daytime in
strictly urban (houses and school areas) should be about 50 dB. In contrast,
it ranged from 35-50 dB for houses and 40-55 dB in the educational
environment, according to Kinsler et al. (2000) and NBR 10152:1987
(Zannin & Ferraz, 2016).
Table 3: Noise levels according to NBR 10152:1987 (Zannin & Ferraz, 2016).
Specific environment
Bedrooms
Houses
Living rooms
Lecture halls and laboratories
Educational environments
Circulation areas

Sound pressure level (dB)
35-45
40-50
40-50
45-55

Table 4: WHO guideline values for community noise in specific indoor environments (FEPA, 1995;
WHO, 1999).
Houses
Schools

Specific environment
Bedrooms
Living rooms
Lecture halls and laboratories

Sound pressure level (dB)
35-50
35-50

It is very important to notice that by comparing the sound level inside
and outside the home environment, one finds that the internal noise sources
were mostly induced from the inside because the sound level at the same
time of measurement is lower in outside the house.
Qzar et al. (2020) reached the same conclusion in their study, as it
showed that the levels of noise in the indoor environment of primary and
intermediate schools were higher than the permissible level. So, a broad
segment of society, represented by the school and university students
besides the employees of these institutions, is exposed to longer hours of
exposure to noise pollution in these environments and their houses, which,
together, may adversely affect their health.
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In conclusion, noise has adverse effects on the productivity and
behavior of man besides physiological effects such as headaches, insomnia
and lack of sleep. Indoor environments of this study had higher sound
pressure levels than permissible levels by the World Health Organization;
records in summer were markedly higher than in winter. The noise sources
were internally induced due to the increased use of tools and household
devices used by modern industrial societies, which create a significant
noise burden. Reduction of high noise in houses must be achieved by
reducing the sound of the TV and other devices available in indoor
environments, besides switching or repairing old appliances that may make
annoying noises and negatively affect human beings. Reduce presence in
places with high noise and increase awareness about noise harm.
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Abstract: The monogenean Paradiplozoon zeller (Gyntovt, 1967)
(Monogenea: Diplozoidae) was recorded and described in the present study for
the first time in Iraq on gills of leuciscid fish Alburnus mossulensis Heckel,
1843 which was collected from Aw-e Shiler River in Sharbazher Region, north
of Sulaimani City in Iraq. This is the first Paradiplozoon species recorded on
A. mossulensis in Iraq and it’s the twentieth Paradiplozoon species so far
recorded from Iraqi fishes. The description and measurements of this parasite
are given.
Keywords: Diplozoidae, Paradiplozoon zeller, Alburnus mossulensis, Aw-e
Shiler River, Sulaimani City, Iraq

Introduction
The genus Paradiplozoon (Monogenea: Diplozoidae) includes monogenean
ectoparasites that live on the gills of fishes. Such parasites occur as two jointed
hermaphroditic individual worms in permanent cross copula (Le Brun et al., 1988).
The life cycle of this worm is direct and including egg, free-swimming
oncomiracidium, the larval stage (diporpa), and adult. Adult of this worm is unique;
the two larvae permanently fuse into a pair to form a sexually maturated adult
(Civáňová et al., 2013). According to GBIF (2021) and WoRMS (2021), this
parasite belongs to the family Dipolzoidae, order Mazocraeidea of the class
Monogenea.
The subfamily Diplozoinae Palombi, 1949 contains five genera: Diplozoon
Nordmann, 1832, Eudiplozoon Khotenovsky, 1985, Paradiplozoon Akhmerov,
1974, Sindiplozoon Khotenovsky, 1981 and Inustiatus Khotenovsky, 1978
(Pugachev et al., 2010).
The genus Paradiplozoon Akhmerov, 1974 includes blood-feeding parasites that
infect the gills of fishes, mainly cyprinid fishes (Konstanzová et al., 2015). This
directly transmitted worm possesses the attachment apparatus (sclerotized parts)
which consists of four pairs of clamps and one pair of small central hooks on the
ventral side of the opisthaptor (Khotenovsky, 1985). The identification of diplozoid
members at the species level, commonly depends on the size and shape of the
sclerotized parts; central hooks and clamps (Matějusová et al., 2002, 2004).
Received Sep. 18, 2021, accepted Nov. 4, 2021
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In Iraq, the first Paradiplozoon species: Paradiplozoon kasimii (reported as
Diplozoon kasimii) was recorded from the gills of Cyprinion macrostomum by
Rahemo (1980). After that, several species were recorded from different fish
species in different parts of Iraq. Here is the first report of each of these
Paradiplozoon species from fishes of Iraq: Khamees (1983), Rasheed (1989), AlSaadi (2007), Al-Nasiri (2009), Al-Nasiri & Mhaisen (2009), Al-Nasiri (2010),
Abdullah (2013), Al-Jubori (2013), Al-Salmany (2015), Abdullah & Abdullah
(2016), Al-Nasiri & Balbuena (2016), Al-Nasiri (2017) and Hameed (2019).
In Kurdistan Region, Iraq, some Paradiplozoon species were recorded. These
included those of Ali (1989), Rasheed (1989), Abdullah (1990, 2002), Abdullah &
Mhaisen (2004), Abdullah & Rasheed (2004), Mama (2012), Mama & Abdullah
(2012a, b), Abdullah (2013), Muhammad et al. (2013), Nasraddin (2013), Abdullah
& Abdullah (2015a, b, c), Abdullah & Nasraddin (2015), Abdullah & Abdullah
(2016) and Bilal (2016).
The aim of the present study is to report Paradiplozoon zeller (Gyntovt, 1967)
on gills of Alburnus mossulensis Heckel, 1843 which was collected from Aw-e
Shiler River at Sharbazher Region north of Sulaimani City of Kurdistan, Iraq.
Materials and Methods
Sampling Area
Aw-e Shiler River is one of the major rivers which passes through the
Sharbazher Region from east to the west. It is mixed with Lesser Zab River and
feeds Dokan Lake in Sulaimani Province, Kurdistan Region, Iraq.
Specimen Collection
Thirty specimens of Mossul bleak Alburnus mossulensis of the family
Leuciscidae were collected from Aw-e Shiler River near Khewata Village (N
350.75̍̍11, E 45̍̍0.4792) in Sulaimani Province, Kurdistan Region, Iraq by Pulse
electro-shock device (SAMUS 1000, made in Poland). The specimens were placed
in a cool box with a few amounts of river water and transported to the parasitology
laboratory, Medical Laboratory Department, College of Health and Medical
Technology, Sulaimani Polytechnic University and immediately examined for
parasites. Identification of the fishes was done based on morphometric and meristic
characters, according to Coad (2010), and the scientific name was taken according
to Froese & Pauly (2021).
Preparation of Specimens of Paradiplozoon
Gills of the fishes were removed and placed in a separated Petri dish. A small
amount of normal saline was added, directly examined under a dissecting
microscope and searched for a large monogenean parasite (Paradiplozoon). The
parasites were separated from the gills, washed with normal saline solution and
then placed on a clean slide. Few drops of normal saline were added and examined
under stereoscopic microscope.
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For light microscopy, the worms were fixed in glycerin-alcohol, transferred into
clean glycerin, covered with a cover slide and gently pressed (Lucký, 1981).
The Paradiplozoon measurements were done with the aid of an ocular
micrometer. The identification of the parasite was done based on Pugachev et al.
(2010). Photos were taken by Sony camera, 16.1 megapixels.
The infestation was evaluated in terms of prevalence (percentage of infested
fishes) and intensity (number of parasites in individual infested fishes).
Results and Discussion
Four diplozoid monogeneans were recorded on the gill of two Mossul bleak,
Alburnus mossulensis (family Leuciscidae) from Aw-e Shiler River in Sulaimani
Province, Kurdistan Region, Iraq. The study revealed that two out of 30 A.
mossulensis were infested with Paradiplozoon zeller (Gyntovt, 1967) which were
found on gills of the infected fishes with a prevalence of 6.7% and mean intensity
of 2.
The following is a brief account and measurements (in millimeters) based on the
four specimens of this parasite. The adult parasite is X-shaped, consists of two
worms (Figure 1A) which that fused to each other. Each worm included anterior
and posterior parts. The anterior part contains vitellaria and digestive tract, while
the posterior part (Figure 1B) contains reproductive organs, the terminal part of the
digestive tract, four pairs of adhesive clamps and one pair of anchors. The gonads
lie in the first half of the posterior part of the body. Each egg (Figure 1C) has a
filament on its top.
Body length is 2-3 mm, anterior part is 1-2 mm and posterior part is 0.6-1 mm.
The posterior part has 10-14 folds. Size of clamps (Figure 1D): I: 0.04-0.07 x 0.040.11 mm, II: 0.04-0.07 x 0.08-0.14 mm, III: 0.04-0.07 x 0.08-0.12 mm, IV: 0.040.07 x 0.08-0.15 mm. The anterior end of the median sclerite is broadened as
fishtail-shaped and connected to the clamp jaws by two short sclerites. The lateral
edges of the posterior end of the median sclerite are rounded. Anchor (Figure 1E)
length is 0.019-0.020 mm, handles are 0.036-0.047 mm. The diameter of suckers is
0.04-0.05 mm, the pharynx is 0.04-0.07 mm. The testis is lobed. Egg size is 0.210.22 x 0.08-0.09 mm.
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Figure 1: A- Photomicrograph of Paradiplozoon zeller (40X).
B- Photomicrograph of posterior part of Paradiplozoon zeller (100X).

The description and measurements of the present Paradiplozoon are closely
similar to Paradiplozoon zeller which was showed by Pugachev et al. (2010) on
gills of Phoxinus phoxinus, Rutilus rutilus, Scardinius erythrophthalmus, Gobio
gobio, Barbus barbus, Rhodeus amarus and Cyprinus carpio from rivers of the
Baltic, Black and Caspian seas.
This parasite (P. zeller) was never been reported previously from any fish
species in Iraq before. Therefore, the present report is considered as its first record
in Iraq.
According to Mhaisen (2021), the Iraqi diplozoid fauna now includes 22 species:
20 species of Paradiplozoon: P. amurense, P. barbi, P. bingolense, P. bliccae, P.
cyprini, P. ergensi, P. homoion, P. iraqensis, P. kasimii, P. leucisci, P. magnum, P.
megalobramae, P. megan, P. minutum, P. pavlovskii, P. rutili, P. skrjabini, P.
tadzhikistanicum, P. vojteki and P. zeller, as well as one species for both Diplozoon
and Eudiplozoon (D. paradoxum and E. nipponicum, respectively).

Paradiplozoon zeller: First record in Iraq from gills of Alburnus mossulensis

Figure 1: C- Photomicrograph of the egg of Paradiplozoon zeller (300X).
D- Photomicrograph of the clamp (400X).
E- Photomicrograph of the median hook (1000X).
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According to previous checklists on parasites of fishes of Kurdistan Region, Iraq
(Mhaisen & Abdullah, 2017) and the latest checklists of parasites of fishes of Iraq
(Mhaisen, 2021), the family Diplozoidae in Kurdistan Region, Iraq, so far includes
only 11 species of Paradiplozoon: P. amurense, P. barbi, P. bingolense, P. cyprini,
P. homoion, P. kasimii, P. leucisci, P. pavlovskii, P. tadzhikistanicum, P. vojteki
and P. zeller.
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A New Host and a New Locality for Aspidogaster limacoides
Diesing, 1834 (Trematoda: Aspidogastridae) Infecting the Caspian
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Abstract: A total of 21 specimens of Aspidogaster limacoides Diesing, 1834
were detected from the small intestine of eight infected specimens of the
Caspian freshwater turtle Mauremys caspica (Gmelin, 1774) captured from AlMashab River, northwest Basrah City. As the present parasite represents its
first record in the turtle as a new host and in Basrah city as a new locality, a
redescription, measurements and illustration are presented.
Keywords: Aspidogaster limacoides, Freshwater turtle, Mauremys caspica,
Basrah, Iraq

Introduction
The subclass Aspidogastrea Faust & Tang, 1936 represents a minor group among
the class Trematoda Rudolphi, 1808. Zamparo & Brooks (2003), in their systematic
revision on the trematodes stated that subclass Aspidogastrea included four families
of which the family Aspidogastridae includes three subfamilies, whereas the other
three families (Aspidobothridae, Multicalycidae and Rugogastidae) include only a
single genus each. According to WoRMS (2021), the family Aspidobothridae is
accepted as Aspidogastridae.
Alves et al. (2015), in their checklist about the aspidogastrean trematodes of the
world, which based on the comprehensive survey of the literature from 1826 until
2014, listed 61 valid species belonging to 13 genera within four families and two
orders of aspidogastreans which infecting a total of 298 species of both vertebrate
and invertebrate hosts.
The aspidogastrids have been described as parasites of a variety of aquatic
organisms in both marine and freshwater environments. These flukes utilized a
wide range of animals such as crustaceans, mollusks, fishes and reptiles as
facultative or obligatory parasites (Rohde, 2002).
The aspidogastrean species can be easily distinguished from all their sisters, the
digenetic parasites, by owing adhesive or holdfast ventral disc which containing a
Received July, 21, 2021, accepted Nov. 6, 2021
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row of alveoli or so called suckerlets, which enable the parasite to fix itself to the
host organs (Rohde, 2002).
Rohde (1972) mentioned that aspidogastrid parasites needs only a single host to
complete their life cycles with no multiplicative larval stages. In addition, the same
author, Rohde (1994) stated that Aspidogastrean have been regarded as having a
low degree of host specificity. Gao et al. (2003) gives their own hypothesis
concerning the presence of host specificity features between two different species
of aspidogastrean parasites (A. conchicola Baer, 1827 and A. ijimai Kawamura,
1913) in infecting their definitive hosts. Chen et al. (2010), according to the results
of their phylogenetic study, strongly supported Gao's et al. (2003) hypothesis. Lee
et al. (2017) stated that none of the known aspidogastrean species has great
economic or medical effects on their hosts. Diesing (1834) was the first author who
described the aspidogastrean trematode A. limacoides without stating the site of
samples collection.
Khalaf (1959) in his checklist of reptilians and amphibians of Iraq referred to
presence of five species of turtles (Clemmys caspica caspica, Eretmocheyls
imbricate bissa, Dermochelys coriacea schlegelii, Trionyx euphraticus and Testudo
graeca ibera). Recently, Bosch (2003) in his introductory checklist of Iraqi
herpetology referred to presence of nine species of turtles (Caretta caretta,
Chelonia mydas, Eretmochelys imbricate bissa, Eretmochelys olivacea,
Dermochelys coriacea schlegelii, Mauremys caspica caspica, M. c. siebenrocki.
Rafetus euphraticus and Testudo graeca ibera).
It's well known that in southern parts of Iraq, especially in Basrah Province, the
Caspian turtle or the hard shell freshwater turtle M. caspica (Gmelin,1774)
(synonym C. caspica) and the soft shell turtle Rafetus euphraticus (Duadin, 1802)
(synonym Trionyx euphraticus) are common turtles in the freshwater environments.
M. caspica is characterized by its medium size, tan to blackish colour with a
hard oval shell in addition to a slight medial keel. Fritz & Freytag (1993) referred to
the widespread distribution of M. caspica from the Eastern parts of Europe to
Turkey in addition to the Middle Eastern countries.
A great attention has been directed to turtles in recent years because they used in
tradition Chinese medicine (Chen et al., 2009). Moreover, many cultures utilized
turtles as a mean source of delicious meat. Roman & Bowen (2000) stated that in
recent years many turtle farms were established to raise the turtle meat production
for human consumption.
To the best of my knowledge, there are only one study dealt with the bacterial
infection of soft shell turtle Rafetus euphraticus (Bannai et al., 2017) in addition to
seven studies concerned with the helminth fauna of Iraqi turtles: Hamad (1985),
Molan & Saeed (1990), Al-Hashimi (2006), Al-Barwari & Saeed (2007), Mustafa
(2014), Al-Emarah (2015), Hussain (2015) and Shubber et al. (2020). None of those
studies referred to recording aspidogasrtian trematode from Iraqi turtles.
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Materials and Methods
Seventeen turtles were sampled, at the banks of the Al-Mashab River (30º 45´ 31º 00´ N, 47º 30´- 47º 45´ E) which is connected with the southern parts of AlHammar Marsh. This river is situated at about 18 km north Basrah City. The
collection was done from February to June 2018, by the aid of hand nets. The
turtles were brought alive to the Laboratory of Parasitological Studies, at Hareer
Station for Marsh Researches, Marine Science Centre, University of Basrah, for
further examination.
Turtles were anesthetized and killed by using chloroform searching for their
parasites. The alimentary canals were isolated, then dissected and examined under
electro- dissecting microscope type WILD-M3B for any internal parasites.
The detected helminths were washed thoroughly by normal saline (0.8% sol.),
fixed and preserved in AFA (acetic acid, formaldehyde and 80% ethanol), stained
with acetocarmine and dehydrated in graded alcohol series then mounted in D.P.X.
according to Al-Daraji (1995). Turtles were identified according to Khalaf (1959)
and updating nomenclature was according to WoRMS (2021) whereas, Yamaguti
(1963) was used to identify the detected parasites. The data on prevalence and the
mean intensity of infection were calculated as described by Bush et al. (1997). All
measurements of the detected parasites are given in micrometers as a range with the
mean.
Results
Seventeen specimens of the Caspian freshwater turtle M. caspica (Gmelin, 1774)
were captured from Al-Mashab River and examined for their internal parasites.
Eight of them were infected with the aspidogastrid parasite Aspidogaster
limacoides Diesing, 1834. The description and measurements of this parasite are
presented. Parasite taxonomy and its infection parameters are as follow:
Trematoda, Aspidogastridae: Aspidogaster limacoides Diesing, 1834 (Figure 1).
Host: Mauremys caspica (Gmelin, 1774).
Locality: Al-Mashab River, north Basrah City, Iraq.
Location: Small intestine.
Prevalence and mean intensity of infection: 47% and 2.6, respectively.
Description and measurements based on eight mounted and well-pressed
specimens.
The body of the live worm is thick with white reddish color and slightly
elongated, muscular, tapering anteriorly and posteriorly, and measuring 3785-4066
(3925) in length and 1858-2031 (1985) in width and the maximum width of the
parasites is observed at the region of reproductive organs. The oral sucker is absents
and a simple terminal mouth is surrounded by a sucker-like muscular structure,
located at the anterior margin of the body. The pharynx is large, well developed,
muscular, ovoid in its shape, and measuring 326-384 (361) in length and 382-416
(397) in width, followed directly by the intestine. The intestine is simple, saccular
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with a single wide tubular caecum, covering large parts of the hindbody and
reaching to near posterior extremity.
Testis is single, with ovoid shape and measuring 412-773 (705) in length and
384-697 (638) in width and located ventrolateraly at the postovarian level. The
ovary is reniform in shape, pretesticular, at the equatorial level of the body and
measuring 523-594 (571) in length and 248-296 (277) in width. Cirrus sac is large,
enclosed in pyriform cirrus pouch, with narrow distal part and wide proximal part,
measuring 264-596 (495) in length and 278-671 (599) in width and located
transversely. Uterus is coiled, very long, occupying most of the body and fills with
numerous eggs. Vitellaria are follicular, consist of two longitudinal portion with
unequal length and occupying the hind body laterally on each side of intestine.
Genital pore is located medioventrally anterior to the holdfast organ at the level of
anterior end of the pharynx. Eggs numerous, with brownish color, relatively large
in its size and measuring 71-79 (76) in length and 43-52 (47) in width. The
excretory vesicle v- shaped and terminating with excretory pore at the posterior end
of the body. The ventral holdfast disc bears four longitudinal rows of alveoli and
marginal organs. The total number of the alveoli on the disk is 64-68.

Figure 1: Aspidogaster limacoides ventral view. ad, adhesive disk; al, alveoli; cp, cirrus
pouch; ep, excretory pore; gp, genital pore; i, intestine; m, mouth; o, ovary; ph,
pharynx; t, testis; u, uterus; v, vitellaria.
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Discussion
Iraqi turtles have received a little attention from the biologists especially from
the point of view of their parasitic fauna. Only eight references in this respect are
known: Hamad (1985), Molan & Saeed (1990), Al-Hashimi (2006), Al-Barwari &
Saeed (2007), Mustafa (2014), Al-Emarah (2015), Hussain (2015) and Shubber et
al. (2020). Out of these studies, only the last two studies (Mustafa, 2014; AlEmarah, 2015) have been done in Basrah Province. Generally, among these eight
previous studies, only three of them revealed the presence of three different species
of trematodes belonging to the genus Telorchis (Digenea, Telorchiidae) infecting
the same turtle M. caspica. These trematodes were T. cyclemidis (Tubangui, 1933)
Wharton, 1940 by Al-Hashimi (2006) from Al-Ramadi City, Al-Anbar Province, T.
stunkurdi Chandler, 1923 by Al-Barwari & Saeed (2007) from different localities in
north of Iraq and T. assula (Dujardin,1845) Dollfus, 1957 by Shubber et al. (2020)
from Al-Diwaniya Province.
The description of A. limacoides which is recorded in the present study is
slightly similar with that of Popiołek et al. (2007), but it is larger in most
measurements. The large size of the present specimen of A. limacoides in contrast
with its measurements in previous studies may be related to the large size of lumen
of the small intestine of its present host (M. caspica).
So far, many authors; Yamaguti (1963), Bauer et al. (2002), Molloy et al.
(1996), Laruelle et al. (2002), Gao et al. (2003) and Popiołek et al. (2007) stated
that A. limacoides was recorded only from fish hosts. According to Mhaisen (2021),
A. limacoides has 14 fish host species in Iraq. So, the present finding of this parasite
in the small intestine of the Caspian freshwater turtles M. caspica captured in AlMashab River north Basrah City, Iraq, represents its first record in a turtle as a new
host and in Basrah City as a new locality.
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Abstract: A sample of 116 shrimps Metapenaeus affinis (H. Milne-Edwards,
1837) were collected from local fish markets in Basrah Province, Southern
Iraq. Height, weight, and pathological signs of the shrimps were recorded. Both
morphological and biochemical examination by VITEK identification system
were undertaken. Pathological infections were seen on the cuticle of abdominal
segments in addition to a severe infection in uropod (tail segment), rostrum and
pleopods (walking legs). Results of biochemical identification showed the
presence of Aeromonas sobria and A. salmonicida from the infected organs and
this study is considered as the first record of this bacterial infection in shrimps
in Iraq.
Keywords: Bacteria, Shrimp, Metapenaeus affinis, Aeromonas sobria, A.
salmonicida, Iraq

Introduction
Shrimps are considered as one of the most important seafood distributed in the
Iraqi water and consumed by people in southern portion of the country. It has a
significant role in the aquatic ecosystem with respect to biodiversity and its place in
the food pyramid in the environment (Jassim, 2013). Shrimps are low in calories
with a balance of healthy proteins and fats (Dayal et al., 2013). They also contain
vitamins and mineral treasure trove. On the negative side, many bacterial diseases
infect them to affect their health and compromise the hygiene. They can also be
charged as a vector of foodborne infections ranging from mild gastrointestinal
upset to life-threatening diseases (Fadel & El-Lamie, 2019).
In the last decade, the prevalence of viral and bacterial diseases in farmed
shrimps has been high, probably due to fluctuations in temperature, salinity,
oxygen, pH and water nutrients (Morales-Covarrubias et al., 2018). Environmental
conditions and containment are two important triggers for the rapid proliferation of
opportunistic bacteria in the digestive tract, gills and shrimp cuticles as well as in
the sediments of water, feed and pond (Alfiansah et al., 2018). Important
constraints of shrimp aquaculture include improper farm management and lack of
services like technical support, quality of shrimp seeds and infrastructure.
Moreover, bad weather, conflict among local people and risk of disease has a
big impact as well (Xiong et al., 2015). Exoskeleton provides an efficient physical
Received Aug. 15, 2021, accepted Nov. 7, 2021
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shield against pathogens that attempt to penetrate the outer surface of shrimps,
while the intestine is another defensive shield to keep pathogens out. However,
certain chitinoclastic (or chitinolytic) bacteria are associated with exoskeletal
disease and can also enter via wounds (Mancuso et al., 2010).
Aeromonas is a genus of Gram-negative rods that are widely distributed in
freshwater, estuarine and marine environments. They are increasingly identified as
important pathogens for marine, terrestrial and human animals (Janda & Abbott,
2010). Its species grow at a range of temperatures, although in warmer months
(from May through October in the northern hemisphere) they are isolated with
increasing frequency. Aeromonas species also causes a wide range of syndromes
between homeothermic and poikilothermic animals. This includes fishes, reptiles,
amphibians, mammals and even humans (Morris et al., 2021). These bacteria cause
hemorrhagic septicemia, fin rot, rot in the soft tissue and furunculosis. Epizootic
ulcerative syndrome (EUS) in fish farms of various parts of Southeast Asia, India
and Bangladesh are the major examples (Aberoum & Jooyandeh, 2010).
According to Sivasankar et al. (2017), the major marine wild species of prawns
and shrimps are the white prawn (Penaeus indicus), tiger prawn (Penaeus
monodon), pink shrimp (Metapenaeus dobsoni), Jinga shrimp (Metapenaeus
affinis) and marine shrimp (Paraenaeopsis stylifera). Most health problems of
shrimps belong to viruses and bacteria. Flegel (2012) mentioned that approximately
60% of disease loses in shrimp aquaculture is caused by viral pathogens and 20%
by bacterial pathogens. In comparison to these, loses to fungi and parasites are
relatively low. Available studies on shrimp diseases in Iraq are rare. There is only
one study (Jassim & Al-Salim, 2015) on shrimp viral diseases. The first report of
the infection of the shrimp (Macrobrachium nipponense) by the Vibirio bacterial
infection in the Iraq waters was by Abbas et al. (2021).
The goal of this work was to chronicle the first case of this bacterial disease in
shrimp in Iraqi marine water, as well as isolate and identify the causal bacterial
species.
Materials and Methods
A total of 116 shrimps, Metapenaeus affinis (H. Milne-Edwards, 1837) were
collected from local fish markets in Basrah province (Central Basrah Market, 5
Mile market and Al-Jumhouria Market). The samples were transported to the
laboratory under cooling conditions within few hours. Length, weight and
morphological examination were undertaken. Pathological infections were
recorded.
Ten gm of infected tissues from uropod (tail segment), rostrum and pleopods
(walking legs) were taken, put in homogenizer (Brand- Germany), 90 ml of normal
saline were added to the tissues and homogenized, serial tenfold dilutions (10-1-10-6
ml) were done and inoculated on two types of growth media: TCBS agar (Oxoid,
England) for isolating Vibrio species and Tryptic Soy agar (TSA) (Himedia, India).
The plates were incubated for 48 hours at 37 ○C. Grown colonies were subcultured
to obtain pure colonies. Both morphological (Cappuccino et al., 2019) as well as
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biochemical examinations were performed by VITEK II compact cards in Bayan
Group for Advanced Laboratory Diagnostics, Basrah, Iraq.
Results and Discussion
Gross Signs
Lengths of shrimp specimens ranged between 7 and 11 cm, whereas weights
ranged between 4 and 14 gm. As shown in Figures 1-4, pathological infections
were seen on the cuticle of abdominal rings in addition to a severe infection in
uropod (tailed segment), rostrum and pleopods (walking legs).
Identification of Aeromonas Species
All of the isolates which obtained from the infected organs were belonged to the
genus Aeromonas, which were Gram-negative, rod-shaped bacteria grown on TSA
plates. They also developed yellow colonies of TCBS agar. A. salmonicida as well
as A. sobria have been biochemically identified by VITEK GN cards (Tables 1 &
2).

Figure 1: Severe infection in rostrum.

Figure 3: Severe infection in the
abdominal rings.

Figure 2: The severe infection in uropod.

Figure 4: Severe infection in pleopods.
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Table 1: Results of biochemical identification of Aeromonas sobria by VITEK system.
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Table 2: Results of biochemical identification of Aeromonas salmonicida by VITEK system.
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Results of VITEK II system showed the presence of Aeromonas sobria in
infected shrimp. Also, the results of VITEK recorded A. salmonicida. This
indicated that the shrimp is a new host for these two bacterial species. A total of 24
recognized species are currently known for the genus Aeromonas. Amongst them,
A. hydrophila, A. salmonicida, A. veronii, A. caviae, A. bestiarum, as well as A.
jandaei have been identified worldwide as primary or secondary fish pathogens
(Liu et al., 2020).
Aeromonas species are ubiquitous aquatic ecosystem inhabitants and reported as
important pathogens for both aquatic and terrestrial animals including humans
(Janda & Abbott, 2010). Aeromonas species are Gram-negative and optional
anaerobic bacteria with a wide range in several ecosystems. At refrigeration
temperature (4 °C), these bacteria can grow and produce enterotoxin and
haemolysin. Aeromonas are potential agents of foodborne diseases since they have
been isolated from fresh and raw foods. Cases of gastroenteritis, septicaemia,
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wound, soft tissue and skin or blood infections in humans have been associated
with different species of Aeromonas (Martins et al., 2002). The reason behind the
spread of this bacterium may be attributed to injuries, seasonal changes, drastic
variations in water temperature, and inadequate sanitation or nutrition can all put
the fish in a vulnerable position to germs.
Prevalence of Aeromonas Infections
Table 3 showed that among the 116 examined samples, the overall prevalence of
Aeromonas was 21.55% (25 samples). These results are higher than what was
recorded by Fadel & El-Lamie (2019) who recorded prevalence of infection as 16
(9.41%) of 170 tested shrimp.
Table 3: Prevalence of infection with Aeromonas in M. affinis samples tested.
Infected region
No. of infected shrimps
Swimming feet
12
Abdominal rings
4
Rostrum and uropod
9
Total samples= 116
Total infected samples= 25
Infected number
Prevalence= -------------------- x 100= 25/116 x 100= 21.55% (Fadel & El-Lamie, 2019).
Total number

Infection is found most severely in pleopods, uropod and rostrum, respectively.
The reason is that the shrimp is a benthic animal, and therefore the parts that come
into contact with the bottom and places with a high bacterial content are more
vulnerable to infection. In a study carried out by Nimrat et al. (2008) about the
effect of different shrimp pond bottom soil treatment on the change of physical
characteristics and pathogenic bacteria in pond bottom soil, they found that
treatment and improving the quality of the bottom is of great importance in removal
of Vibrio and Pseudomonas from shrimp pond bottom soil containing organic
sludge. Recording and monitoring bacterial infections in shrimp, in addition to its
importance in the field of shrimp health, gives an important indication of the extent
of the deterioration in the quality of the environment. The available studies in the
field of shrimp diseases in Iraq are almost non-existent, and this study is the first of
its kind to record this disease. These results were in agreement with what was
recorded by Alavandi et al. (1995) who attributed the black colour of infected
organs to the presence of Vibrio and Aeromonas species.
In conclusion, study of bacterial diseases in shrimp in Iraq is still in the
beginning because the attention in shrimp breeding field in Iraq is absent, so the
researches have focused on fish bacterial disease. The distinct prevalence of
infection and the damage resulted from the infection may be considered as an
indicator for microbial load which exist in marine environment.
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Determining Role of TGF-β3 in Some Treatments of Albino Mouse,
Mus musculus Linnaeus, 1758 Infected with Hydatid Cyst by Using
an Immunohistoflourescent Staining Technique
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Abstract: The present study was conducted as an attempt to treat secondary
hydatid disease in white mice strain Balb/c by immunohistoflourescent (IHF)
staining technique. For this purpose, the mice were infected with hydatid cysts
and treatment was done by oxfendazole (OFZ) at a concentration of 30 mg/kg,
praziquantel (PZQ) at a concentration of 40 mg/kg and albendazole (ABZ) at a
concentration of 10 mg/kg of body weight. Each drug was given weekly for
four months and the same concentrations as above. The results showed that the
highest treatment efficiency was in case of OFZ + PZQ treated mice, while the
groups treated with OFZ, OFZ + ABZ and ABZ + PZQ showed less treatment
efficiency, respectively. The IHF staining technique was used to determine the
cytokinesis of TGF-β3 in the spleen and liver of experimental mice. For this
reason, OFZ is considered as one of the most promising chemotherapies used
in the treatment of hydatid cysts.
Keywords: Immunohistoflourescent, TGF-β3, Mus musculus, Echinococcus
granulosus, Oxfendazole

Introduction
Hydatid disease is a common disease between humans and animals. The
causative agent of the disease is the larval stage (metacestode) of the tapeworm of
the genus Echinococcus (Wahlers et al., 2012). The host's resistance to the parasite
Echinococcus granulosus depends on the cellular immunity of the Th1 helper T
cells, while the susceptibility to infection depends on the secretions of the helper T
cells Th 2 (Zhang et al., 2003), called cytokines, which are important in regulating
the immune response in all stages of the immune response in addition to its effect
on innate and acquired immunity. Transforming growth factor-β3 (TGF-β3) protein
is a regulatory cytokine, which is secreted from lymphocytes, phagocytes and
dendritic cells, and works on the growth, proliferation, differentiation of cells,
programmed cell apoptosis (Vaughn et al., 2000). It plays their role in controlling
the immune system, and is one of the great regulators in the immune response,
stimulates and regulates organized T cells. It reduces toxic factors in the immune
response and chronic inflammatory diseases and induces fibrosis in many worm
infestations (Harraga et al., 2003).
Received Sep. 20, 2021, accepted Nov. 20, 2021
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In view of the absence of previous studies conducted in Iraq, on the use of a drug
from the benzimidazole derivatives (oxfendazole), and its use alone or mixed with
another drugs, such as albendazole and praziquantel, which are the most commonly
used to treat hydatid cysts, hence, prospects are opened in trying to treat this disease
both immunologically and chemically. The members of the experimental mice were
tested in this study by using the IHF staining technique to determine the expression
of TGF-β3 in spleen and liver of experimental mice.
Material and Methods
Experimental Animals
Ninety Balb/C strain white male mice (Mus musculus Linnaeus, 1758), 4-5
weeks old, weighing 20±5 g, obtained from the Drug Control Department in
Baghdad were used. These mice were transferred directly to the animal house of the
study site for breeding under the appropriate environmental conditions.
Preparation of Hydatid Fluid Antigen and Protoscolices
Hydatid cyst samples were collected from local sheep whose livers were
naturally infected with cystic echinococcosis after slaughtering in the Al-Shula
slaughterhouse in Baghdad. Smyth & Barrett (1980) method was used to extract
hydatid cyst fluid antigen (HCFAg) at a concentration of 3.36 mg/ml by using
Bradford (1976) method. Approximately 2,000 live protoscolices per mouse were
injected in a single dose (Wangoo et al., 1989).
Mice Injection
Mice were injected at a challenge dose of 2000±5 protoscolices in intra
peritoneal cavity (I/P) needle after sterilization of the injection area with 70% ethyl
alcohol, at the same time. The positive control group (15 mice) was injected with
the same dose of the protoscolices, while the negative control group (15 mice) was
injected with 0.2 ml/ mouse of the physiological buffer saline (PBS).
Preparation of the Drugs
Three drugs had been used in an attempt to treat secondary hydatid cysts in mice
that were experimentally infected with protoscolices in the intraperitoneal cavity.
The drugs were:1- Albendazole (ABZ) at a concentration of 10 mg/kg of body weight, equivalent to
0.01 mg/kg human equivalent dose (HED) according to Pérez-Molina et al.
(2011).
2- Oxfendazole (OFZ) at a concentration of 30 mg/kg of body weight, equivalent to
0.04 mg/ml (Gavidia et al., 2010).
3- Praziquantel (PZQ) at a concentration of 40 mg/kg of body weight, equivalent to
0.06 mg/ml (Gavidia et al., 2010).
The drugs given to groups of mice were divided individually or in combination
with the same concentrations as above.
1- OFZ, 2- OFZ+PZQ, 3 -OFZ+ABZ, 4- ABZ+PZQ
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OFZ was used at a concentration of 30 mg/kg of body weight, equivalent to 0.5
mg/ml (Gavidia, et al., 2010) and the drug was locally obtained (Synanthic ®, Fort,
Dodge, Mexico).
Groups of rats were dosed one week after a challenge dose of 0.25 ml of OFZ
oral administration, as one dose per week for four months. The negative control
group was dosed with the same volume of distilled water. Four months after giving
the challenge dose, the mice were killed and the internal organs were examined.
Histopathological Examination
Preparation, examination and photographing those sections was done by using a
compound microscope, Olympus type, equipped with a Konica type camera, and
using Konica films with a sensitivity of 100 ASA.
Immunohistoflourescent Examination
The immunohistochemical tests for tissue staining work, where specific
antibodies conjugated to fluorecenisothiocyanate (FITC) staining technique were
used to examine the immunological activity of those antibodies by using
histological growth factor (TGF-β3) according to the manufacturer's instructions
(the DAKO Envision Detection Kit K5007) as follows:1- After obtaining tissue slices of the liver and spleen of the study group, with a
thickness of 4-5 micrometers, by means of a rotary microtome device, the cut
strips were carried out by using a small brush on charged slides.
2- The slices were placed in the oven for 30 minutes, then placed in the xylene in
the oven at a temperature of 60 °C for 10 minutes.
3- The slides were taken out of the oven and placed in xylene for two stages, each
stage, for five minutes, to get rid of the wax, for five minutes for two rounds.
4- The slides were dried and outlined with a pap pen by drawing a circle around the
tissue section.
5- The slides were placed in a humid chamber and peroxidase was added.
Peroxidase reagent was in the form of drops that cover the slide for 15 minutes
at room temperature.
6- The slides were washed with buffer PBS = 7.4 for five minutes and then dried.
7- The slides were returned to the wet jar, and 50 μl of protein block or bovine
serum albumin were added to each histological section to block antibody
determinants (proteins).
8- The slides were washed with buffer PBS = 7.4 for five minutes and then dried.
9- The slides were returned to the wet jar and the primary antibody (growthconverting factor) TGF-β3 was applied in a 50:1 dilution ratio with protein block
solution. The neighbor was placed in the incubator, and incubated at 37° C for
one hour or for the next day, overnight.
10- The slides were washed with buffer PBS = 7.4 for five minutes and then dried.
11- The slides were placed in the jar. Conjugate fluorescent rabbit serum was added
in the form of drops covering the tissue sections. Then, they were placed in the
incubator at 37 °C for one hour.
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12- The tissue sections were washed with buffer PBS = 7.4 solution for five
minutes, then they were placed in distilled water for five minutes.
13- The tissue sections were passed a series of dehydration alcohols with a
concentration of 50%, 60%, 70%, 80%, 90% and 100% for five minutes for each
concentration and then transferred to xylene in two stages for five minutes in
each stage for the purpose of clearing.
14- A drop or two DPX mounting medium was tightened, the cover slip was placed
and left to dry.
15- The slides were examined under an Olympus fluorescence microscope
equipped with a camera.
Results
Immunohistofluorescence of Liver and Spleen
Transforming Growth Factor β-3
The results of histological immunostaining with FITC method showed that the
spleens of the experimental mice (Plates 1, 4, 5, 8), treated lymphocytes stained
with a bright green color for TGF-β3 expression, and the cytoplasm of hepatocytes
was colored in bright green by FITC method (Plates 2, 3, 6, 7).

Plate 1: Section of the spleen of OFZ-treated mice showing the expression of TGF-β3 in
FITC-mediated bright green stained lymphocytes (40X).

Plate 2: Section of the liver of OFZ-treated mice showing the expression of TGF-β3 protein
in bright green pigmented lymphocytes and hepatic cytoplasm with bright green
color by FITC method (40X).
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Plate 3: Section of the liver of OFZ+PZQ treated mice showing expression of TGF-β3 in
bright green pigmented lymphocytes and bright green hepatocytes diffuse in the
cytoplasm liver by FITC method (40X).

Plate 4: Section of the spleen of OFZ+PZQ treated mice showing the expression of TGF-β3
in bright green pigmented lymphocytes by FITC method (40X).

Plate 5: Section of the spleen of OFZ+ABZ treated mice showing the expression of TGFβ3 in bright green colored lymphocytes by FITC method (40X).
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Plate 6: Section of the liver of OFZ + ABZ treated mice showing the expression of TGF-β3
(IHC) in lymphocytes stained in bright green and the cytoplasm of hepatocytes in
bright green (40X).

Plate 7: Section of the liver of mice treated with ABZ + PZQ showing the expression of
TGF-β3 in bright green pigmented lymphocytes and bright green hepatocytes
diffused in the cytoplasm liver by FITC method (40X).

Plate 8: Section of the spleen of mice treated with ABZ+PZQ showing the expression of
TGF-β3 lymphocytes stained with green color by FITC method (40X).
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Discussion
In the current study, a clear expression of TGF-β was observed in the red pulp of
the spleen, while moderate expression in the white pulp. This result is consistent
with Ueda et al. (2003). The predominantly pigmented cells are macrophages and
lymphocytes. In the liver, the expression was more pronounced in hepatocytes
along the central vein. Significant differences appeared between the treated groups
in IFAT in the tissue sections of the liver and spleen, and most of the pigmented
cells appeared in a bright green color. On the production of cytokines, it is possible
that it activates white blood cells and endothelial cells, and stimulates them to
secrete cytokines. This is consistent with what was found by Reuben et al. (1979)
upon activation of chelating macrophages by tuberculosis vaccine, which reversed
an increase in lymphocyte counts and colony stimulating factor (CSF) secretion.
TGF-β is a multifunctional cytokine that either stimulates or inhibits cell
proliferation depending on cell type, the differentiating state of the cells and the
environment in which they operate (Barnard et al., 1990). The role of TGF-β in
liver regeneration remains an enigma. TGF plays a pivotal role in hepatocyte
regeneration (Fausto et al., 1991). The liver is a place for different types of cells of
hepatic, biliary and visceral origin, and during the regeneration of hepatocytes, all
of these cells restore the size of the liver by coordinating action with the kinetic
TGF-β. It seems that TGF-β produces the ground for new divisions of the
hepatocytes by means of the consolidation and reconstruction of the extracellular
matrix and thus somewhat inhibits the growth of unnecessary hepatocytes.
Martinez-Hernandez & Amenta (1995) and Uyama et al. (2002) worked to stop the
building of DNA in hepatocytes. Mutations in TGF-β3 cause many diseases,
including chest diseases and osteoporosis (Rienhoff et al., 2013; Matyas et al.,
2014; Bertoli-Avella et al., 2015). Normal hepatocytes are unable to activate latent
TGF, but regeneration-inducing hepatocytes have such a capacity (Jakowlew et al.,
1991). TGF appears to be a negative regulator of hepatocyte proliferation and in
this way determines liver size and several immunosuppressive cytokines (Huang et
al., 2013). Immunosuppressive expression TGF-β is observed in most parts of
granulomatous lesions, inflammatory areas in the liver and visceral tissues,
especially these areas near damaged cystic Echinococcus (CE). Increased
expression of TGF-β is observed in the epithelial cells of liver sinusoids and
fibroblasts. Recent studies have indicated that visceral cells including the epithelial
cells of the liver are the main source of TGF-β. Thus, they work by inhibiting the
growth factors on the liver cells by lateral effect “paracrine” (Nakatsukasa et al.,
1990; Jakowlew et al., 1991; Fausto et al., 1995).
According to Ueda et al. (2003), TGF-β1 is formed in the spleen and secreted
into the portal bloodstream. Expression of TGF-β in the spleen coincides with
plasma concentrations of TGF-β. Other organs, such as the pancreas or stomach
are sources of TGF-β1 in the portal circulation. The release of TGF from these
organs has a similar effect on hepatocytes, which is the anti-proliferation effect
(Kahn et al., 1990). The mechanism of increased build-up of TGF-β in the spleen
during liver regeneration is not yet clear (Lin et al., 2011). It means that E.
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multilocularis posteriorly exerts a profound influence on liver homeostasis by
modulating a number of gene expression and metabolic pathways, and that tissue
damage stimulates the production of cytokines (Falk et al., 2005). Immunity of
mice injected with protozoans stimulates both Th2 and Th1 (Al-Qaoud & AbdelHafez, 2005).
Th2 cytokines were concentrated in the serum of patients with hydatid cysts as
the parasite continued to grow in the body. Zhang et al. (2003) reported that tissue
damage and programmed cell death stimulate the production of cytokines that
mediate the effect of drugs and reduce their negative effects.
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Abstract The present experiment was conducted to evaluate soil samples
which had been taken from depths ranging from 0-30 cm in greenhouses
planted with different vegetables such as cucumbers, tomatoes, peppers and
eggplants in 24 agricultural sites in 19 villages. GIS application was used to
make maps showing the results of a field survey that was conducted. The
experiment was conducted for an area of 12 km2 in the Tainal Plain, west of
Sulaimaniyah Province. Nearly 30% of the soil of the greenhouses were
heavily infected. Plant analysis showed that the characteristics of ash, fat and
moisture were significantly affected as a result of infection with nematodes.
The spread of root-knot nematode juveniles in the villages of Al-Mahmoudia,
Kani Pengsharma and Kani Shaya was 706, 695 and 622 per 250 g of soil. In
tissues of the studied plants, the highest nitrogen content was 68.2 mg in
Ziyeka, 60.4 mg in Gawani and 59.7 mg in Ali Bzaw. Phosphorus
concentrations were highest in Kani Shaya, Shwankara and Ziyeka (25.5, 25.3
and 23.1 mg, respectively). Warmizyar had 91.8 mg of potassium, Kani Shaya
had 78.6 mg and Kani Big had 71.6 mg. The calcium concentrations in Ziyeka,
Gawani and Mewk were 54.5, 48.4 and 47.7 mg, respectively.
Keywords: Root-knot nematode, Meloidogyne incognita, Plant analysis
ArcGIS map, GIS coordinates

Introduction
In the past few years, Meloidogyne javanica, a root-knot nematode, had infected
at least 3000 greenhouses in Iraq's Bazian Plain, Sulaimaniyah Province. Root-knot
disease was caused by several species of the genus Meloidogyne. It was a parasitic
nematode that makes its home in the roots of affected plants. There are around 98
known species within this genus (Jones et al., 2013). Meloidogyne species can
survive in both hot regions and short winters throughout the planet. The root-knot
nematode was one of the most damaging families of parasitic nematodes (Gill &
McSorley, 2011). These nematodes are pests of nearly all major crops.
Furthermore, Meloidogyne species are responsible for around 5% of worldwide
crop yield loss each year (Karajeh, 2008). Farmers and other plant producers have
long referred to it as "the nematode" illness (Mankau, 1980), because of the
significant production decrease and visible root-galling signs caused by these pests.
Depending on the species, nematodes are wormlike invertebrate creatures that can
be found in marine, freshwater or terrestrial environments. Plants, other nematodes
Received Sep. 25, 2021, accepted Dec. 19, 2021
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and their eggs, fungi, protozoans, bacteria, tardigrades and insect larvae are all
possible food sources for nematodes (Freckman & Caswell, 1985).
Giné et al. (2014) showed the effects of M. incognita and M. javanica on
cucumber, the maximum multiplication rate and equilibrium density of root-knot
nematodes on cucumber and yield losses, and the relationships between relative leaf
chlorophyll content and relative cucumber dry top weight biomass in response to
increasing nematode densities.
GIS is an effective tool for analyzing, comprehending and projecting huge and
complex data sets on crop output, productivity, land use, socioeconomic aspects
and a range of agro climatic and environmental data (Seif-Ennasr et al., 2020).
Several attempts have been made to employ anti-fungus to control the root-knot
nematodes. Following soil preparation before planting with peat, tomato root
irritation caused by M. javanica was greatly decreased (Sharon et al., 2007). The
use of bran from Bacillus 251 as a bio-control agent of M. incognita on tomatoes,
as detailed by Kiewnick & Sikora (2006), resulted in a significant reduction in egg
production.
The drop in recent decades appears to be due to pathogenic agents as well as
seasonal fluctuations. Plant diseases lowered worldwide output by more than 20%
on average each year; nevertheless, isolated areas may suffer losses of 50% to
100% owing to one or more pests (Dhaliwal & Koul, 2007). Plant-parasitic
nematodes are critical biological constraints in almost all types of agricultural
plants all over the world, and they cause considerable losses in chilli production
(Moon et al., 2010).
Any change in the biological components of ecological setup causes
environmental deterioration. Many nematicides have been deregistered, resulting in
pollution of the biosphere, highlighting the need for innovative techniques to
combat nematodes and, as a result, improve agricultural yield. Farmyard manures,
composts and botanical residues are all widely utilized in diverse crops as organic
sources of nutrients. The best available option in integrated nutrient management
programs is the complementary use of biofertilizers and organic manures in
appropriate combinations with chemical fertilizers. This increases output, reduces
fertilizer input costs, enhances the effectiveness of additional fertilizers and
improves soil health at the same time (El-Sherif et al., 2007).
The aim of this research was to utilize a GIS to characterize soil types, soil
texture and pH in relation to nematode incidence, significance and dispersion.
Material and Methods
Soil Sample Taking for Nematode Analysis
Nematode samples were taken from 20-25 cm depth throughout the summer
season, cleaned and sanitized the shovel after each use, then the samples were
placed in bags for analysis by using the sieving method.
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Root-Plant Sample Taking for Analysis
1. Samples of roots were collected from diseased plants in greenhouses. Plants with
infected roots were cut down. The fresh weight of these samples was calculated.
2. ArcGIS 10.1 application (WGS 1984_UTM_Zone_38N) with project coordinates
system was used to create maps.
No.
1
2
3
4
5
6
7
8

Table 1: Procedure of nematodes analysis.
Materials
Source of procedure
20-mesh sieve (833 µm aperture)
Zuckerman et al.
(1981)
200-mesh sieve (74 µm aperture)
325-mesh sieve (43 µm aperture)
Coarse sieve (1 cm aperture)
Two stainless steel bowls or plastic buckets
250 ml beaker
600 ml beaker
Coarse spray wash bottle or tube attached
to faucet

Figure 1: Villages covered in the present study.
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Table 2: GIS coordinates for locations in Tainal Watershed.
Locations no.
L1
L2
L3
L4
L5
L6
L7
L8
L9
L10
L11
L12
L13
L14
L15
L16
L17
L18
L19
L20
L21
L22
L23
L24

Village name
Bagajani 1
Mewk
Bagajani 2
Koyik
Kani Big
Shuwankara
Tui Awlia
Qushqaya
Ali Bzaw 1
Ali Bzaw 2
Kani Penjsharnma
Kani Shaya 1
Kani Shaya 2
Halay Sarchawa 1
Halay Sarchawa 2
Mahmudia
Ziyeka 1
Ziyeka 2
Warmizyar 1
Warmizyar 2
Gawani 1
Gawani 2
Gawani 3
Latif Awa

Latitude
N 35.57
N 35.57
N 35.56
N 35.56
N 35.56
N 35.56
N 35.55
N 35.55
N 35.55
N 35.55
N 35.54
N 35.53
N 35.52
N 35.52
N 35.53
N 35.52
N 35.52
N 35.52
N 35.51
N 35.51
N 35.50
N 35.50
N 35.50
N 35.49

Longitude
E 45.17
E 45.17
E 45.15
E 45.17
E 45.17
E 45.19
E 45.19
E 45.19
E 45.18
E 45.17
E 45.19
E 45.21
E 45.20
E 45.20
E 45.19
E 45.22
E 45.22
E 45.23
E 45.23
E 45.25
E 45.25
E 45.25
E 45.23
E 45.23

Results and Discussion
The study area was one of the most important agricultural areas in the province,
not because it contains huge numbers of greenhouses, but also because it contains
vast areas of farms and forests, in addition to inhabited villagers who depend
directly for their livelihood on agriculture. So, the present investigation was done in
some villages that were randomly chosen as they were infected with nematodes
(Upper Warmizyar 1, Lower Warmizyar 2, Mahmudia, Ali Bzaw 2, Penjsharnma,
Kani Shaya 1, Kani Shaya 2, Qushqaya, Kani Large, Bagajani 2, Latif Awa and the
others that are not infected) are shown in Table 3 (Upper Warmizyar 1, Lower
Warmizyar 2, Mahmudia and Ali Bzaw 1).
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Table 3: GIS coordinates for villages affected or not with nematodes in Tainal Watershed.
Location
Village name
Latitude
Longitude
Crops
Description
L1
Warmizyar 1
35.51
45.23
Tomato
affected
2
affected
L2
Warmizyar
2
35.51
45.25
Cucumber
affected
L3
Mahmudia
35.52
45.19
Tomato
affected
L4
Ali Bzaw 2
35.55
45.17
Cucumber
affected
L5
Penjsharnma
35.54
45.19
Tomato
L6
Kani Shaya 1
35.53
45.21
Cucumber
affected
affected
L7
Kani Shaya 2
35.52
45.20
Cucumber
L8
Qushqaya
35.55
45.19
Tomato
affected
affected
L9
Kani Big
35.56
45.17
Cucumber
affected
L 10
Bagajani 2
35.56
45.15
Cucumber
L 11
Latif Awa
35.49
45.23
Cucumber
affected
L 12
Gawani 1
35.50
45.25
Cucumber
non affected
L 13
Gawani 2
35.50
45.25
Cucumber
non affected
L 14
Gawani 3
35.50
45.23
Cucumber
non affected
non affected
L 15
Ziyeka 1
35.52
45.22
Cucumber
non affected
L 16
Ziyeka 2
35.51
45.23
Cucumber
Halay Sarchawa 1
non affected
L 17
35.52
45.20
Pepper
1Sarchawa
non affected
L 18
Halay Sarchawa 2
35.53
45.19
Cucumber
non affected
L 19
Ali Bzaw 1
35.55
45.18
Pepper
non affected
L 20
Shuwankara
35.56
45.19
Cucumber
non affected
L 21
Tui Awlia
35.55
45.19
Tomato
non affected
L 22
Koyik
35.56
45.17
Pepper
45.17
non affected
L 23
Mewk
35.57
Cucumber
L 24

Bagajani 1

35.57

45.17

Cucumber

Figure 2: Locations area in Sulaimaniyah Province, north Iraq.
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Table 4: Plant analysis for some greenhouses infested and non-infested with nematodes.
BRIX
(%)
8

Chlorophyll
(mg/g)
28

N
(mg)
56.8a

P (mg)
19.7b

K
(mg)
61.3c

Ca
(mg)
47.7

Mg
(mg)
10.5

Protein
( mg)
0.47

Bagajani 2

12.6

29.2

22.4d

7.85d

29.3d

23.5

4.7

0.38

Kani Big
Shuwankara

7.6
11

25.35
41

33.6c
51.4b

22.6b
25.5a

71.6b
141a

16.1
15

8.25
13.15

0.45
0.62

Ali Bzaw 1
Ali Bzaw 2
Kani Shaya 1 Shaya

11.5
6.1
8.35

41
19.4
21.44

59.7b
20.0d
31.3c

19.6b
18.4c
25.3a

59.9c
69.7b
78.6b

40.5
9.55
14.45

9.4
7.2
7.95

0.57
0.365
0.65

Village name
Mewk

Halay Sarchawa 1
14
41
57.6b
16.9c
58.1c
44
11.15
a
a
b
Ziyeka 2
9.5
38
68.2
23.1
69.8
54.5
11.5
Warmizyar 2
7.8
22.3
37.0 c
21.6b
91.8b
17.15
7.8
a
b
b
Gawani
10
38.5
60.4
21.6
66.7
48.4
10.75
Latif Awa
6.9
19.1
30.5c
18.9d
73.2b
14.3
63
* Means with different letters are significantly different according to Duncan's multiple range tests
at P≤0.05.
** In each greenhouse, 10 plants were selected for plots.
Table 5: Survey in Tainal Watershed, plant and nematodes analysis.
Village name
Mewk
Bagajani 2
Kani Big
Shuwankara
Qushqaya
Ali Bzaw 1
Ali Bzaw 2
Penjsharn
Kani Shaya 1
Kani Shaya 2

Fat (g)
0.11
0.095
0.1
0.12
+
0.12
0.09
+
+
0.08

Ash (g)
0.46b
0.03d
0.35c
0.51a
+
0.51a
0.22d
+
+
0.32c

Moisture
77.2b
91.9a
64.5c
89.3a
+
73.3b
82.5a
+
+
77.5b

Carbohydrates
(g)
2.05
2.15
1.55
3.4
2.2
2.3
2.05

Larvae
458d
515c
615b
588b
695a
622b
568c

Egg
mass
16
23
24
20
31
27
30

Galls
20
16
38
30
36
36
38

Halay Sarchawa
0.13
0.63a
92.6a
3.95
a
Mahmudia
+
+
+
706
39
45
b
b
Ziyeka 1
0.16
0.51
81.3
2.8
Warmizyar 1
+
+
+
487d
19
26
Warmizyar 2
0.085
0.38c
77.4b
2.3
290e
13
19
a
a
Gawani 3
0.10
0.58
86.5
3.7
c
c
d
Latif Awa
0.075
0.35
65.5
1.35
425
17
21
*Different letters show significant difference according to Duncan's multiple range at P≤0.0.
** In each greenhouse, 10 plants were selected for plots.
+ Means no reading as plants were not affected with nematodes, so, they didn’t reach this stage.
- Means on reading as plants were affected with nematodes.

0.61
0.66
0.58
0.52
0.51
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In soils infected with nematodes, some parameters, such as total nitrogen,
available phosphorus and potassium, caused a limeted decrease in the ratios of
these parameters (Ruess, 1995). However, their generic richness was decreased, and
community structure was altered by increasing the abundance of inhibiting and
non-direct effects on the environment were seen (Table 4).
Table 5 showed that soils epidemics with nematodes significantly affect
differences negatively on some plant properties directly (fats, ash and moisture)
causing many changes like death of young branches and the continuation of death,
and nematode occurs in the complexity of the roots so that the absorption of water
with the increase of loss of transpiration and evaporation leaves and branches (Li et
al., 2010).

Figure 3: Depending on Table 4. Survey
for distribution of egg mass of
nematode by ArcGIS 10.1
program.

Figure 4: Depending on Table 4. Survey
for distribution of galls of
nematodes by ArcGIS 10.1
program.

The spread of root-knot nematode larvae in Mahmudia, Kani Penjsharnma and
Kani Shaya with populations in 706, 695 and 622/ 250 g soil were the highest in
these areas (Figures 3 & 4). After the present investigation in this matter for many
years, farmers in this site did not use the scientific or right ways to control or
prevent the spread of this nematode. The reason of speared of this nematode is due
to use the plow without sterilization for other farms (Goswami & Singh, 2004).
Meloidogyne species were common in vegetable world where they parasitize
vascular root tissues and induce their familiar root galls (Abawi & Widmer, 2000;
Davies et al., 2003; Anwar & Mckenry 2010). M. javanica is the common
nematode in this region. Nematode root galling causes obstruction of root systems
and its presence is often been associated with increased incidence and severity of
Fusarium wilts of several field crops (Martin et al., 1994).
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In this survey, only M. javanica was currently considered to be economically
damaging cucumber and tomato. M. javanica was the commonly species pest on
cucumber in Tainal Watershed. It is likely that the root-knot second-stage juveniles
recovered were based as M. javanica on the continuous cucumber production
(Gebremikael et al., 2016). This indicates that improved frequency of irrigation can
alleviate some plant stress in this damaged area. Although nematode populations
may be higher in this area, the example illustrates that a different set of factors (soil
and management factors) can influence the pattern of nematode incidence and plant
damage within a field (Baird et al., 1996).

Figure 5: Depending on Table 4. Distribution of
nitrogen for plants in study location by
ArcGIS 10.1.

Figure 6: Depending on Table 4. Distribution of
BRIX % for plants in study location by
ArcGIS 10.1.

Figure 7: Depending on Table 4. Distribution of
Potassium for plants in study location
by ArcGIS 10.1.

Figure 8: Depending on Table 4. Distribution of
calcium for plants in study location by
ArcGIS 10.1.
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The importance of Ca levels in the cytoplasm have a role as signaling
mechanisms for environmental stress. Ca pumps are directed out of the cytoplasm,
either to vacuoles, where it may be precipitated as calcium oxalate, or across the
plasma, the function of the majority of plant Ca was structural, in the cell walls of
shoots and roots so farmers need to know these basics on calcium (Wright &
Rowland, 2008).

Figure 9: Depending on Table 4. Distribution of
magnesium for plants in study location
by ArcGIS 10.1.

Figure 11: Depending on Table 4. Distribution
of carbohydrates for plants in study
location by ArcGIS 10.1.

Figure 10: Depending on Table 4. Distribution
of ash for plants in study location by
ArcGIS 10.1.

Figure 12: Depending on Table 4. Distribution
of fat for plants in study location by
ArcGIS 10.1.
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Plant ratio of magnesium was higher (13.15) in Shuwankara and Ziyeka (11.5)
as in Figure 9. So, these were very low ratios as compared with those of Oliveira et
al. (2010). As with the nutrient problems, plant parasitic nematodes affecting on the
vegetables will make a series of problems facing the farmers, therefore, they help to
pass this (Hue et al., 2005).
Chloride (Cl) is the most recent addition to the list of essential elements.
Although chloride was classified as a micronutrient, leaf chlorophyll is a direct
indicator of nitrogen status and growth rate of the plant (Table 4). The highest
amount of chlorophyll in collected samples was 41 mg/g in Ali Bzaw, Shuwankara
and Sarchawa. This agrees with nitrogen ratio in some plants (Liu et al., 2007). In
order to limit oxidative damage under stress, plants have developed a series of
detoxiﬁcation systems that break down the highly toxic reactive oxygen species,
catalyses and peroxidases. Peroxidase comprises one important class of
pathogenesis related proteins implicated in “defense responses” in which an
important role is to catalyze the formation of phenolic radicals at the expense of
H2O2 (Gaspar et al., 1991).
Phenolic compounds in plants played a vital role in their defense system,
particularly redox response and free radical scavenging. Furthermore, accumulation
of phenols at the site of infection was characteristic in plant defense response,
caused rapid cell death and prevents penetration of pathogens (Isah, 2019). Increase
in phenolic compounds due to nematode infection had been reported in several
studies (Nagesh & Reddy, 2004; Liu et al., 2007). Chlorophyll is an important
bimolecular which led to photosynthesis and allows plants to absorb energy from
light (Mandal & Dutta, 2020). Nematode infection reduces chlorophyll content and
ultimately the carbohydrate supply to the nodule resulting lower nitrogen fixation
(Figure 11). The ratio of ash (Table 5) is low, as the highest ratio were in Sarchawa
and Gawani (0.63 and 0.58 g, respectively) and these are lower than 1% as reported
by Füzesi et al. (2015).
The ratio of BRIX (Table 4) in villages of Bagajani and Ali Bzaw 1 (12.6% and
11.5%, respectively) were the highest. From Figure 5, plants in each villages (Halay
Sarchawa 3.95 g, Gawani 3.7 g and Shuwankara 3.4 g) have the highest weight of
carbohydrates that return to plants produce a high diversity of natural products with
a prominent function in the protection against predators and pathogens (Jones,
1976). These mechanisms include pre-existing physical and chemical barriers, as
well as inducible defense response in the form of induction of defense-related
enzymes that become activated upon pathogens. In parasitic nematodes, they are
particularly crucial for digestion of host tissues and evasion of host immune
responses (Thakur et al., 2014). Pathogen infection and various abiotic stresses lead
to overproduction of reactive oxygen species such as superoxide anion, singlet
oxygen and hydrogen peroxide which are produced continuously as byproducts of
various metabolic pathways, and are highly reactive and toxic. They produce
oxidative stress by damaging proteins, lipids and carbohydrates (Sreedhar et al.,
2013). Halay Sarchawa, Bagajani 2 and Shuwankara had the highest moisture
levels (92.6%, 91.9% and 89.3%, respectively) according to Table 5. In comparison
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with the cucumber's usual water content of 96%, these moderate ratios are quite
low (Guelinckx et al., 2016).
In conclusion, farmers are using chemical nematicides which temporarily effect
most nematicides, but nematode populations are never completely eliminated with a
single nematicide application. Since nematode eggs are resistant to nematicides
treatments, it is important that nematicides be applied after egg hatching.
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Abstract: The current experiment was conducted in the Fish Laboratory of
Aquaculture Unit, College of Agriculture, University of Basrah from 28th
January to 19th April 2021. Growth criteria of grass carp Ctenopharyngodon
idella were investigated using four water temperatures (15, 20, 25 and 30 oC).
Grass carp fingerlings (4.92 g) were brought from earthen ponds of the
Aquaculture Unit in Al-Hartha Station for Agricultural Researches, North
Basrah. The results indicated that the highest final weight (7.96 g) was reached
by fishes at 15 0C, while the lowest final weight (7.22 g) was at 30 0C. Weight
increments for fishes were 3.02, 2.97, 2.76 and 2.22 g for water temperatures
of 15, 20, 25 and 30 0C, respectively. Fishes had the highest daily growth rate
(0.0425 g/day) at 15 0C and the lowest (0.0312 g/day) at 30 0C. Fishes at 20 0C
had the best feed conversion rate of 4.03, while fishes at 30 0C had the worst
feed conversion rate of 5.29. It can be concluded that the best growth criteria
were obtained from fishes at 15 0C and 20 0C, while the worst was observed at
30 0C.
Keywords: Final weight, Weight increment, Daily growth rate, Specific
growth rate, Feed conversion rate

Introduction
Grass carp, Ctenopharyngodon idella was belonged to the family Cyprinidae for
a long time, but according to recent phylogenetic studies, Tan & Armbruster (2018)
shifted this fish to the family Xenocypridinae. FAO (2020) stated that grass carp in
2018 was the most widely cultivated freshwater fish species in the world that
consisted 10.5% of world production, followed by silver carp, Hypophthalmichthys
molitrix (8.8%), Nile tilapia, Oreochromis niloticus (8.3%) and common carp,
Cyprinus carpio (7.7%) from total world production.
It is well known that aquatic plants are an important part of any aquatic
ecosystem where they provide habitat for different species of fishes and ensure
optimal oxygen regime, while sometimes it is necessary to control these plants,
especially in shallow eutrophic ponds. Macrophytes can have a positive and
sometimes negative impact on aquatic biotopes (Petr, 2000). Grass carp is an
herbivorous fish that feeds on certain aquatic plants and at early life on
zooplankton, but in culture conditions, it accepts artificial pelleted feed. Masser
Received Oct. 1, 2021, accepted Dec. 20, 2021
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(2002) stated that when desirable vegetation is unavailable, grass carp fingerling
feeds on insect larvae, other invertebrates, and even small numbers of fish fry,
while in culture conditions, juveniles feed on pelleted diets and continue to
consume this diet throughout their lives. Bozkurt et al. (2017) stated that grass carp
exclusively feed on aquatic plants consuming 2-3 times their weight every day.
Grass carp have been introduced since 1945 to many regions in Asia, North
America, and virtually all of Europe, mainly for culture and also for controlling
aquatic vegetation (Pfeiffer & Lovell, 1990; Kırkağaç & Demir, 2006). It is well
known that grass carp was introduced in Iraq since 1956. Cudmore & Mandrak
(2004) pointed out that this fish is native to northwestern China and southeastern
Russia, and it has been introduced into other countries for controlling vegetation.
Durborow et al. (2007) stated that grass carps are used in water ponds to consume
undesirable aquatic vegetation and filamentous algae. Silva et al. (2014) stated that
grass carp is used to control aquatic plants in Brazil. Dick et al. (2016) revealed that
120 individuals of grass carp per hectare gave better control for plants in the lakes.
Osborne & Riddle (1999) stated that water temperature and fish size are strongly
affected the feeding and growth of grass carp.
Many laboratory experiments were conducted in Iraq on grass carp with few
field studies such as Al-Seyab (1996), Saleh et al. (2008), and Taher (2020a) who
studied the effects of fish density on growth and condition factor of grass carp
cultivated in earthen ponds. Al-Dubakel et al. (2011) studied growth criteria and the
implication of grass carp larvae cultivated in a recirculation system. Al-Shkakrchy
& Ahemed (2013) investigated the use of duckweed Lemna spp. in feeding grass
and common carp. Talal (2013) investigated the cultivation of grass carp in polluted
and non-polluted aquatic environments. Taher (2017) conducted some laboratory
experiments on the grass carp. Al-Dubakel et al. (2020) studied the partial
replacement of fish meal by Azolla filiculoides meal in grass carp feed. Abdullah et
al. (2020) studied the feeding preferences of grass carp for three species of aquatic
plants. Taher (2020b) studied the effects of fish weight and water temperature on
feed intake of grass carp. The current experiment aimed to investigate the effects of
water temperature on growth parameters of grass carp cultivated in the laboratory.
Materials and Methods
The current experiment was conducted in the aquaria of Fish Laboratory of
Aquaculture Unit, College of Agriculture, University of Basrah from 28th January
to 19th April 2021. Each aquarium measured 60 cm in length, 30 cm in width and
40 cm in height. In this experiment, four water temperatures (15, 20, 25 and 30 0C)
were tested with two replicates for each treatment. Grass carp fingerlings (4.92 g)
were brought from earthen ponds of the Aquaculture Unit in Al-Hartha Station for
Agricultural Researches, North Basrah. Nine fishes in each aquarium were
acclimatized in the laboratory for ten days before the start of the experiment.
Aquaria were provided with air pumps and equipped with automatic heaters to
control water temperature. The fishes were fed daily at a 3% feeding rate using
commercial pellets prepared by the Agricultural Consultant Office, College of
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Agriculture (fishmeal 20%, soybean meal 20%, wheat flour 35%, wheat bran 23%
and vitamins-minerals premix 2%). Fishes were weighed every two weeks and fish
feed quantity was changed after each weighing.
Throughout the experiment period, six samples from each treatment were taken
to calculate the following equations:
Weight increments (WI, g) = FW–IW
Daily growth rate (DGR, g/day) = (FW–IW)/ days
Specific growth rate (SGR, %/day) = 100 * [(ln FW) - (ln IW)]/ days
FCR = Feed consumed/ Fish weight increment
Where: FW = Final fish weight (g); IW = Initial fish weight (g).
Statistical software SPSS IBM (23) and Excel 2013 were used for analyzing the
data by least-square analysis.
Results
Table 1 shows the average fish weight with standard deviation measured during
the experiment at different water temperatures. Initial average fish weights ranged
from 4.77-5.24 g. The growth parameters for fishes reared at various water
temperatures are shown in Table 2. Fishes reared in water temperature of 15 0C
reached the maximum final weight (7.96 g), whereas fishes reared in water
temperature of 30 0C reached the lowest final weight (7.22 g) (Figure 1). There
were no significant differences (p>0.05) between 15 0C with 20 0C and 25 0C, while
there were significant differences (p<0.05) between both 15 0C and 25 0C with 30
0
C, according to statistical analysis of final weight. Weight increments for fishes
were 3.02 g, 2.97 g, 2.76 g and 2.22 g for water temperatures of 15 0C, 20 0C, 25 0C
and 30 0C, respectively (Figure 2). Statistical analysis of weight increments
revealed no significant differences (p>0.05) between 15 0C with 20 0C as well as
between 20 0C and 25 0C, while there were significant differences (p<0.05)
between15 0C with 25 0C and also between 30 0C with the other three treatments.
Fishes reared in water temperature of 15 0C had the highest daily growth rate
(0.0425 g/day), whereas fishes reared in water temperature of 30 0C had the lowest
daily growth rate (0.0312 g/day) (Figure 3). Statistical analysis of daily growth rate
revealed no significant differences (p>0.05) between 15 0C with 20 0C as well as
between 20 0C and 25 0C, but significant differences (p<0.05) between 15 0C with
25 0C and 30 0C as well as between 25 0C with 30 0C. Specific growth rates for
fishes were 0.6708, 0.6848, 0.6211 and 0.5174 %/day for water temperatures of 15
0
C, 20 0C, 25 0C and 30 0C, respectively (Figure 4). Statistical analysis of specific
growth rates showed that there were no significant differences (p>0.05) between 15
0
C with 20 0C and 25 0C, while there were significant differences (p<0.05) between
30 0C with the other three treatments.
Best feed conversion rate was 4.03 for fishes reared in water temperature of 20
0
C, while worst feed conversion rate was 5.29 for fishes reared in water temperature
of 30 0C (Figure 5). Statistical analysis of feed conversion rate indicated that there
were no significant differences (p>0.05) between 15 0C with 20 0C and 25 0C, while
there were significant differences (p<0.05) between 30 0C with the other three
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treatments. The best growth criteria were obtained from fishes reared in water
temperature of 15 0C and 20 0C, while worst growth criteria were obtained from
fishes reared in water temperature of 30 0C.
Table 1: Average weight of grass carp during the experiment.
Date
7/2/2021
22/2
8/3
22/3
5/4
19/4

15
A1
5.05±1.19
5.51±1.07
6.22±1.14
6.59±1.44
7.34±1.75
8.00±1.67

Growth
criteria
FW (g)
Average
WI (g)
Average
DGR (g/day)
Average
SGR (%/day)
Average
FCR
Average

A2
4.84±1.50
5.36±1.50
6.22±1.92
6.60±2.11
7.3±2.38
7.92±2.33

Grass carp weight (g±SD) in different temperatures (0C)
20
25
A3
A4
A5
A6
4.77±1.44
4.72±1.46
4.85±1.37
5.12±0.79
5.08±1.50
5.17±1.38
5.14±1.12
5.56±0.56
5.87±1.47
6.02±1.41
5.76±1.65
6.37±0.62
6.44±1.65
6.65±1.63
6.22±1.97
6.97±0.87
7.05±1.83
7.21±1.97
6.92±2.17
7.33±1.16
7.67±1.82
7.77±1.90
7.59±2.17
7.90±1.11

30
A7
4.77±1.22
4.85±1.21
5.47±1.34
5.92±1.53
6.47±1.75
7.02±1.62

Table 2: Growth criteria of grass carp in different treatments.
Treatments for different temperatures (0C)
15
20
25
30
A1
A2
A3
A4
A5
A6
A7
A8
8.00
7.92
7.67
7.77
7.59
7.90
7.02
7.42
7.96a
7.72ab
7.75a
7.22b
2.95
3.09
2.90
3.05
2.74
2.78
2.25
2.18
3.02a
2.97ab
2.76b
2.22c
0.0415 0.0435
0.0408
0.0429
0.0386
0.0392
0.0317 0.0308
0.0425a
0.0419ab
0.0389b
0.0312c
0.6469 0.6947
0.6688
0.7009
0.6311
0.6111
0.544 0.4908
0.6708a
0.6848a
0.6211a
0.5174b
4.22
3.99
4.08
3.97
4.27
4.64
4.94
5.63
4.10a
4.03a
4.46a
5.29b

Figure 1: Final weights for fishes reared at different water temperatures.

A8
5.24±1.55
5.46±1.60
6.20±1.65
6.53±1.83
6.99±1.98
7.42±2.15

Effects of water temperature on growth criteria of fingerlings of grass carp

3,5

Weight increment (g)

3
2,5
2
1,5
1
0,5
0

15

20
25
Water temperature (0C)

30

Figure 2: Weight increments for fishes reared at different water temperatures.
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Figure 3: Daily growth rates for fishes reared at different water temperatures.
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Figure 4: Specific growth rates for fishes reared at different water temperatures.
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Figure 5: Feed conversion rates for fishes reared at different water temperatures.

Discussion
Water temperature has long been recognized to affect all activities of
poikilothermic animals, including feeding and reproduction. There was a relative
positive relationship between water temperature and the growth of most fishes
within tolerance limits. Osborne & Riddle (1999) recorded water temperature and
fish size as the main factors affecting the growth of grass carp.
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Results of the current experiment proved that the highest growth of grass carp
was reached by fishes reared at water temperatures of 15 0C and 20 0C, followed by
25 0C, while the lowest growth was reached by fishes reared at 30 0C. Osborne &
Riddle (1999) found that feeding efficiency and weight increments of grass carp
increased with increasing water temperature with the better feed conversion rate.
Opuszyński (1972) stated that grass carp stopped feeding at a temperature less than
12 °C, while the highest feed consumption occurred at a temperature above 20 °C.
Kilambi & Robinson (1979) reported a water temperature of 18.3-24.9 °C as
optimum for the growth of cultivated grass carp, while Pfeiffer & Lovell (1990)
stated that the optimum range was between 26-30 °C. Masser (2002) reported that
grass carp eats vegetation intermittently at low temperature (3°C) and eats steadily
at a range of 10-16 °C, while the optimum feeding occurred at 21-30 °C.
Durborow et al. (2007) pointed out that the highest feed consumption by grass
carp occurred between 26.5-29.5 oC and fish stopped feeding when the temperature
was below 12 oC. Taher (2020b) stated that water temperature affected the daily
feeding rate of grass carp, and statistical analysis of the average daily feeding rate
showed significant differences (P≤0.05) between water temperature 10 oC with 25
and 30 oC, while there were no significant differences (P>0.05) between 15 and 20
o
C. The same previous researcher pointed out that grass carp continued consuming
floating pellets even at 10 oC.
Al-Dubakel et al. (2020) recorded growth criteria of grass carp that differed from
the current experiment, such as weight increment (1.55-2.50 g), daily growth rate
(0.028-0.042 g/day), specific growth rate (0.062-1.000) and very high feed
conversion rate (25-40.6). In comparison to the current experiment, Taher (2017)
found that grass carp fed pellets had higher weigh increments (8.14 g) and a higher
daily growth rate (0.17 g/day). Finally, the ideal water temperature for grass carp
cultivation ranged from 15 to less than 30 oC.
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Abstract: A total of 110 specimens of cultured grass carp Ctenopharyngodon
idella (Pisces: Cyprinidae) were collected from three different fish pond
stations in Basrah province, during the period from March till July 2007.
Postmortem parasitological examinations indicated infection of the grass carp
with the nematode Pseudocapillaria tomentosa and this infection occurred only
in Faddak fish ponds during all months of investigation. The maximum
incidence of infection was 26.6% in April, while the maximum intensity of
infection was 8.5 in June. The present finding of this nematodes represents its
first record in Iraqi fishes.
Keywords: Nematoda, Capillariidae, Pseudocapillaria tomentosa, Grass carp,
Fish ponds, Basrah province

Introduction
Capillarids infect vertebrates, and are often pathogenic due to their invasive
nature (Moravec, 1987). According to GBIF (2021), Pseudocapillaria tomentosa
(Dujardin, 1845) Moravec, 1987 has 13 synonyms which included Capillaria
amurensis Finogenova, 1967; C. bakeri Mueller et Van Cleave, 1932; C. catostomi
Pearse, 1924; C. gobionina Lomakin, 1971; C. leucisci Hesse, 1923; C. lewaschoffi
Heinze, 1993; C. pseudorasborae Wang, Zhao et Chen, 1978; C. rutili Zakhvatkin
& Azheganova, 1940; C. ugui Yamaguti, 1941; Skrjabinocapillaria elopichthydis
Wang, 1982; Trichosoma brevispiculum Linstow, 1873; T. cyprini Diesing, 1851
and T. tomentosum Dujardin, 1843. P. tomentosa has a broad host specificity,
infecting some 25 cyprinid fish species and members of other orders such as
Anguilliformes, Gadiformes, Salmoniformes and Siluriformes (Moravec, 1987).
According to GBIF (2021) and WoRMS (2021), P. tomentosa belongs to the
family Capillariidae, Order Trichinellida, class Enoplea of the phylum Nematoda.
According to the first checklist of parasites of fishes of Iraq (Mhaisen, 1980), the
family Capillariidae has no any representative among parasites infecting fishes of
Iraq. Later on, Ali et al. (2014) enlisted two genera of this family from freshwater
fishes of Basrah province, but in connection with the parasitic fauna of marine
fishes of Iraq (Mhaisen et al., 2018), no any member of this family is so far known.
Received Nov. 11, 2021, accepted Dec. 21, 2021
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Parasites cause a great losses in fish aquaculture where they are considered as a
mean health problem, therefore the present study aimed to give the full description
of P. tomentosa from the grass carp which represents its first record from fishes of
Iraq.
Materials and Methods
Nematodes (Figure 1) were collected from the intestine of 110 specimens of
grass carps that collected from three fish pond stations in Basrah province during
the period from March till July 2007. The first station was the Experimental
Aquaculture Station of Marine Science Centre of University of Basrah. The second
station was Al-Midaina Pond Station in Al-Midaina Shire and the third station was
Faddak Fish Pond Station which is located in Shatt Al-Arab Shire. Nematodes were
killed by warm water (60-63 °C) and preserved in alcohol-glycerin. Temporary
slides were prepared by using lacto phenol and as semi-permanent slides by using
glycerin gel (Garcia & Ash, 1975). The incidence and intensity of infection was
calculated according to Bush et al. (1997). The figures were drawn by using a
Camera Lucida (Drawing tube).
Results
Cultured grass carp was found infected by the nematodes Pseudocapillara
tomentosa. Fishes of Faddak Pond Station were the only hosts of such parasites in
this study. The infected fishes were fed on aquatic plants as a supplemented food
which were brought directly from the natural water bodies. In contrast, fishes of
other station didn’t feed on such food. Such plants may harboring the infective
stages of these parasites. The infection was reported during the period from April
till July 2007. Generally, the maximum incidence of infection and the maximum
intensity of infection was 26.6% in April and 8.5 in June, respectively, while, the
highest percentage of incidence of infection in Faddak station was 88.8% in April,
then it dropped to 5.8% during July (Table 1). This nematode was recorded in the
last third of the intestinal tract of fish. The nematodes infected the mucosal layer of
the intestine and heavy mucus was noticed in the site of infection. The intestine was
emaciated in the site of infection. Both sexes of P. tomentosa were detected from
the infected fishes. The description and measurements of this nematode is given
here.
Male: (measurements in millimeter based on 10 specimens). Small nematode,
males were shorter and thinner than the female parasites. Length of body 2.0463.239 (2.521) and the width 0.031-0.039 (0.034). Total length of esophagus is
1.192-2.212 (1.591), representing 63% of body length. Stichosome (ST) consisting
of a single row of 25-34 (29) large stichocytes with large nuclei. Esophagus
including stichosome 1.068-2.039 (1.553), length of muscular esophagus is 0.1060.173 (0.141), Nerve ring (NR) distance from the anterior end (AE) of the body
0.022-0.058 (0.038). Spicule (S) length is 0.176-0.256 (0.194) and its wide 0.0066
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at proximal, 0.0047 at middle and 0.0037 at distal end. Spicule surface smooth and
with non-spiny spicule sheath. Posterior end (PE) of body rounded.
Female: (measurements in millimeter based on 10 specimens). Length of body
4.029-7.291 (5.2) and the width 0.043-0.063 (0.052). A total length of esophagus
1.659-2.172 (1.962), representing 37.7 % of body length. Eggs oval and contain
distinctive bipolar plugs (PP). Size of eggs 0.034-0.036 in length and 0.018-0.024
in width. Eggs wall thickness 0.0007-0.001 (0.00075), polar plugs 0.0014-0.0018
long and 0.006-0.0079 wide.
Table 1: Monthly differences in incidence and intensity of infection in Faddak station.
Month
Length group Number of fishes
Incidence
Intensity
(cm)
examined
(%)
April

12.4-19

9

88.8

5.1

May

19.5-23.7

10

20

14

June

23.5-26.7

11

36.3

8.5

July
Total

23-37
12.4-37

17
47

5.8
31.9

1
6.9

M

F

Figure 1: Pseudocapillaria tomentosa (F= female, M= male).
S= Spicule, St= Stichosome, NR= Nerve Ring, MO= Muscular Oesophagus,
AE= Anterior End, E= Eggs, PP= Polar Plug, St= Stichosome, U= Uterus,
V= Vulva, CE= Caudal End, PE= Posterior End.
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Discussion
Yamaguti (1961) considered that there is one genus (Capillaria Zeder, 1800)
within the family Capillaridae. Moravec (1982) created a new system for capillariid
nematodes, based on revaluation of the features used in the taxonomy of these
nematodes and divided the capillariids into 16 genera.
Al-Daraji (1986) recorded Capillaria sp. from intestine of Mesopotamichthys
sharpeyi (reported as Barbus sharpeyi). Abdul-Ameer (1989) recorded Capillaria
sp. in liver of Cyprinion macrostomum. These were the only two studies that are
related to Capillariidae from fishes of Iraq, therefore reporting P. tomentosa of the
present investigation is considered as the first record in Iraq. Without having the
male, these nematodes cannot be identified to the generic rank, because the
morphology of most female capillariids is rather uniform (Moravec et al., 1999).
Large numbers of male and female parasite specimens gave enough ability to
classify, measurements and specification for this species which are coincided with
the study of Moravec et al. (1999) about infection of ornamental fish Barbus
tetrazona (synonym of Puntigrus tetrazona) by this parasite, study of Kent et al.
(2002) about infection of zebrafish, and Bykhovskaya-Pavlovskaya et al. (1964)
about this species (under its synonym Capillaria leucisci).
The life cycle of P. tomentosa is probably direct, without an intermediate host,
but freshwater oligochaetes may play a role as paratenic hosts (Moravec, 1999). For
preventing the infection with this parasite, there are some studies, for example,
Kent et al. (2019) exposed parasite eggs to elevated temperatures (40 °C, 45 °C and
50 °C) for 1, 8, or 24 h, which resulted in substantial reduction in viability of such
eggs. Also, UV radiation was effective at 50-300 mWs/cm2 and <2% at 20
mWs/cm2, while three chlorine products (JT Baker, Clorox® and Bi-Mart) were
tested at 25, 50, 100, 500 and 3,000 ppm (pH 7.0-7.3) with 10 minutes exposure
and found all were effective at 500 or 1,000 ppm.
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