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ABSTRACT: Ultraviolet (UV), one of the components of solar radiation, is divided into UV-A (320–400 nm),
UV-B (280–320•nm) and UV-C (200–280 nm). Under normal conditions, many vertebrates and invertebrates can
protect themselves from UV by skin pigments or integuments, such as feathers, hairs or scales. Leeches are
common in a wide range of fresh water habitat in Egypt. This makes them one of the most suitable bio-indicator
organisms for testing UV-A. The present study aimed at elucidating the negative impact of UV-A on the
histology and histopathology of the body wall, epidermis, muscles, pigments, botryoidal tissue and
reproductive organs. Molecular genetic analysis was performed in order to assess the effects of UV-A on the
genetic background of Barbronia assiuti.
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INTRODUCTION pigments or integuments, such as feathers, hairs or scales

Ultraviolet (UV) radiation, one of the components of influenced organisms and ecosystems on Earth [9-12].
solar  radiation,  is  divided  into   UV-A   (320–400 nm), Effects   caused   by   UV-B,   including   DNA  damage
UV-B (280–320 nm) and UV-C (200–280 nm). Normally, [13], melanogenesis, skin erythema, skin cancer,
stratospheric ozone reflects UV-C and most of the UV-B, immunosuppression and damage to the eyes, have been
so only UV-A and a little of the UV-B reach the Earth [1]. well studied [9, 14-16].
Organisms on Earth are therefore evolutionarily adapted UV-B also affects egg hatching and causes
to UV-A, but might not be adapted to UV-B. Recently, due deformities in amphibian and fish embryos [17- 20 and 1].
to atmospheric ozone depletion, a great deal of attention Although the damaging effect of UV-A on organisms is
has been focused  on  UV-B induced photo damage to less than that of UV-B, the influences of UV-A also need
organisms. A 10% decrease in the total stratospheric to be considered. In the past, UV-A was ignored because
ozone would increase the amount of UV-B reaching the its intensity reaching the Earth does not increase or
Earth’s surface by 20% [2]. decrease. However, there is evidence that it can alter cell

Ultraviolet–A radiation (320-400 nm) is scattered membrane components [21], induce DNA–protein cross
rapidly    in    water    with    biologically    useful    amount linking [22] and increase reactive oxygen species (ROS).
to at  least  100 m  deep  in  clear  aquatic   environment Thus, it is equally important to know the effect of UV-A
[3]. In lake, attenuation depths for UV may range from a and UV-B on organisms.
few centimeters in water having high concentration of Molecular markers of the biological effects of
dissolved  organic  carbon  ( DOC)  to  over  10  m or contaminants on organisms (i.e. biomarkers) could be
more in some of those with the lowest DOC [4-6]. Many used  as  diagnostic  and  prognostic  early-warning  tests
studies have demonstrated that enhanced UV-B radiation to detect and assess the effects of stressors and
may be a threat to many organisms, also in aquatic contaminants, on environmental quality [23]. The results
ecosystem [7]. of numerous studies lead to the hypothesis that UV may

Under normal conditions, many vertebrates and affect either the biotransformation or oxidative stress
invertebrates can protect themselves from UV by skin defense systems in Barbronia assiuti.

[8]. However, the increasing UV-B radiation has



World Appl. Sci. J., 12 (11): 1974-1980, 2011

1975

However, the aim of the present research was to Tissue samples were dehydrated in upgraded alcohol
study the effect of UV-A on the histology and series then cleared in cedar wood oil (three changes) and
histopathology  of  the   body   wall,   epidermis,  muscles, embedded in wax, embedded  tissues  were  sectioned  at
pigments, botryoidal tissue and reproductive organs of 7 µm which were stained with Mayer’s Hematoxylin /
Barbronia assiuti. Also the negative impact of UV-A on Eosin, observed under light microscopy (Leica) and
some biochemical parameters (glucose, cholesterol, high photographed using a digital camera (Nikon, Coolpix 990).
density lipoprotein, low density lipoprotein, triglyceride,
total protein and iron) was elucidated. Meanwhile, Biochemical  Analysis:  Glucose,  high  density
exploring the potential for using these responses to lipoprotein (HDL), low density lipoprotein (LDL),
monitor the effect of UV- A on genetic background is an cholesterol and triglyceride were measured using
important facet of the current study. commercial kits for medical diagnosis (RANDOX)

MATERIALS AND METHODS synergy microplate reader (Bio-Tek Instruments). One

Collecting of the Leeches: Mature Barbania assiuti volume of buffer A (100 mM potassium phosphate buffer,
(weight  0f  0.8-1 g)  were  handpicked  from irrigated PH 7.2, 1.0mM EDTA (ethylene diamine tetra acetic acid)
canals  and  the  River  Nile  at  Assuit  governorate, containing  10µm  PMSF (phenyl methylsulphonyl
Egypt.  Specimens  were kept in 10-L glass tanks with fluoride, stock solution 1mM in ethanol) and one volume
some water from  habitat  to  be  acclimatized  for two- of chloroform-methanol-water (2:2:1) mix was added.
weeks  period  at  20-25°C, pH 7.56, TDS (Total dissolvent Samples were centrifuged at 15.000 rpm. The upper
salt) 230 ppm and dissolved oxygen 88-94% aqueous phase was used to measure concentrations of
saturation.The photoperiod was 12-hour light to 12-hours glucose. The lower chloroform-containing phase was
dark cycle and the original habitat was simulated by collected and air-dried in dark to avoid photo-oxidation of
providing field water, small stones, water lily and air pump lipid and triglyceride. 
was also used. B. assiuti Leeches specimens were fed on
earthworm. Total Protein Measurements: Total protein contents were

UVR-A source: The Leeches were exposed to UV-A using bovine serum albumin (E.Merek-Darmstadt, Germany) as
a lamp of 366nm (Ultraviolet products. Ine. San Cabrial, a standard.
California U.S.A. model UVL-56). Experimental aquaria
were fitted from above with UV-A source and 20 cm above Iron Measurements: For chemical analysis of iron, the
the aquarium bottom. Leeches were placed in beakers leeches were dried at 120°C for at least 48 h. Dried samples
(water level was 15cm) those beakers were placed in the were then crushed and digested in concentrated nitric
aquarium to prevent rise of water temperature around the acid. After digestion, nitric acid was evaporated and
leeches. samples were suspended in 10 ml of 0.1M nitric acid.

Histology and Histopathology absorption spectrometry. Iron concentrations are quoted
Semi–thin   section: Control   and    irradiated    leeches in µg/gm dry weight (ppm).
B. assiuti were placed in 2.5% Glutraldehyde in 0.1mM
phosphate buffer at pH 7.2 for 3 hours at room
temperature. After rinsing in cacodylate buffer, the
specimens were post fixed in 1% buffered osmium
tetroxide at PH 7.2 for 3 hours at 4°C. They were then
dehydrated  and  embedded  in  Epon,  semi thin  section
of 1.0 µm were cut and stained with toluidine blue for
examination under light microscope.

Light   microscopy:    Control    and    irradiated    leeches
(3 specimens for each treatment) were fixed in formal
alcoholic  glacial  acetic  acid (60 ml 95% alcohol 30 ml
neutral formal and 10 ml glacial acetic acid) for 24 hours.

according to manufacturer’s protocols and read in a

gram of leeches tissue was applied to mortal with one

determined according to the Biuret method [24] using

Digested samples were measured using flame atomic

DNA Extraction Procedures: Leeches were frozen prior to
grinding to ensure complete damage of tissues. One gram
of leech’s tissue was applied to mortar and an appropriate
amount of liquid nitrogen was added. One ml of sample
buffer was added to facilitate the lysis of leech’s tissues.
The overall lysate was transferred to a clean  eppendorf
tube  and  centrifuged  at  4500  rpm  for  5  min  at  0°C.
The supernatant was then transferred to a new eppendorf
tube. The lysozyme solution (20 mg/ ml) was added and
the mix was left in incubator at 37°C for 10-15 min till clear
phases were obtained. One ml of Phenol- Chloroform-
Isoamyl (25:24:1) was added and the mix was then
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centrifuged at 6000 rpm for 5 min. the aqueous phases
were taken by gentle aspiration, leaving the other phases
which contain lipid and proteins and cell debris. DNA was
precipitated by 95% Ethyl alcohol as two volumes were
added. The mix was centrifuged at high speed (10,000 rpm)
for 10 min. DNA was air –dried and then resuspended in
50µl dH O or TE buffer.2

RAPD-Polymerase Chain Reaction (PCR) Analysis:
DNA was extracted as mentioned above and subjected to
PCR. The PCR reactions were performed in 25µl tubes.
Each tube  contains  2.5  µl  dNTPS  (2.5  mM),  2.5  µl
MgCl  (25 mM), 5µl buffer (5X), 2.5 µl Primer (10 p.mol),2

0.15 µl Taq DNA polymerase (250 U), 2µl Template DNA
(25ng) and 10.35µl dH O. Amplification reaction was Fig. 1: Transverse  section  of  body   wall   of  the2

carried out in Perkin Elmer Gene Amp PCR Thermocycler control  showing  the cuticle (C), Epidermis (E),
2400 under the following conditions; an initial strand the botryoidal tissue (B). H&E 400X. The
separation cycle at 94 °C for 2.5 min followed by 35 cycle abbreviations are very small and not clear
including a denaturation step at 94 °C for 45 sec, an
annealing step at 37 °C for 30 sec and polymerization step
at 72 °C for 2 min, with a final extension step at 72 °C for
12 min. A volume of 10µl of the amplified RAPD products
was loaded and separated on 1.2% gel agarose
electrophoresis. DNA bands were visualized on UV-
transilluminator. The random primers used in this study
were: C10 (TGTCTGGGTC),  C15  (GACGGATCAG), O5
(CCCAGTCACT),   O7   (CAGCACTGAC),  O10
(TCAGAGCGCC),  O15  (TGGCGTCCTT)  and  UBC 75
(GAGGTCCAGA).

RESULTS B assiuti (30min./day) showing epidermis cells

Effects    of    UV-A  on   Survival   Ratio   of   the  Leech: H&E 400X.
In the first experimental group, after seven days of
exposure to UV-A, irradiated leeches for short time (30
min/day) and almost 100% of the control B. assiuti were
swimming actively. The proportion of surviving and
active leeches was high (>95%) in these groups until the
end of the experiment. 

Histology and Histopathology: The color and appearance
of B. assiuti skin exposed to UV-A did not show any
obvious  difference  between  exposed  and  control
groups. Figure (1) represents T.S of body wall of control Fig. 3: Transverse section of the body wall of irradiated
B. assiuti. However, in histological sections, clear damage B. assiuti (60 min/day) showing destruction of
to the cuticle and epidermis was seen immediately after the myofibres within circular and longitudinal
exposure. The pear shaped glands seemed to be devoid of muscles. H&E 400X.
secretion while the tubular glands on contrary are charged
with secretion (Fig. 2). In leeches exposed to 30 min/day In irradiated leeches B. assuiti for 60min/day, the cuticle
the cuticle had begun to break down and the epidermis and epidermis were breakdown and destroyed (Fig. 3) also
and  circular  muscles  were  seriously  necrotic   (Fig.   2). the  circular  muscle  layer  was  deformed  and its muscle

Fig. 2: Transverse section of the body wall of irradiated

losing their columnar shape and became flatted.
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Fig. 4: Showing the effect of the different time doses of Fig. 6: Showing the effect of the different time doses of
UVA (366nm) on the glucose content of the UVA (366nm) on the HDL content of the whole
whole body (Mean±SE) of leeches B. assiuti body (Mean±SE) of leeches B. assiuti

Fig. 5: Showing the effect of the different time doses of Fig. 7: Showing the effect of the different time doses of
UVA (366nm) on the Cholesterol content of the UVA (366nm) on the Iron content of the whole
whole body (Mean±SE) of leeches B. assiuti body (Mean±SE) of leeches B. assiuti

fiber are atrophic and only the longitudinal muscle layer between different irradiated groups except for two groups;
appeared to lose their myofibrils. The epidermis appeared that irradiated for 30min/day and the group irradiated for
dark in color and also the number of pigments increased 45 min/day where no significant differences were
in the body wall (Fig. 3). recorded.

Biochemical Parameters in the Leech High Density Lipoproteins (HDL): HDL concentrations
Glucose: Glucose levels for different groups are shown in for control and irradiated animals are shown in Fig. (6).
Fig. (4), highly significant differences in glucose level Significant differences in (HDL) were observed among
were observed among control and irradiated leeches different groups. HDL concentration in control animals are
(p<0.0001). The highest values of glucose were estimated 15.476 mg/dl. UV affects HDL in irradiated animals, with
in control leeches, these values decreased when leeches significant decrease in its concentration. 
were exposed to UV-A. The lowest values were recorded
when B. assiuti was irradiated for 45min/day. These IRON: Iron concentrations for control and irradiated
values of glucose increased when exposing leeches to UV groups are shown in Fig. (7). Significant differences in
for 60 min/day. iron level were observed among different groups

Cholesterol: The concentrations of cholesterol in the experiments showed that iron is sensitive to UV radiation
leech B. assiuti for control and irradiated groups are and its levels declined with increasing doses of UV.
shown in Fig. (5). Highly significant differences in
cholesterol were observed among control and irradiated Molecular Genetic Characterization
leeches (p<0.0001). Cholesterol reached minimum values RAPD–PCR         profiles          of          Bulked        DNA:
in leeches group irradiated for 60min/day. Significant
differences in cholesterol concentration were detected

(p<0.0001). The concentration of leeches iron during

10 µl of DNA from each sample  was  taken  and mixed
together   for   each    Annelid    to    prepare    the   bulked
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Fig. 8: Random Amplified Polymorphic DNA pattern obtained by using Primer C10, C15, O10 and O15. M: marker ladder
100bp.,  C:  Control,  130:  Irradiated  B.assiuti  for  30  min/day,  145  Irradiated  B.assiuti  for  45  min/day,  and
160: Irradiated B.assiuti for 60 min/day,

DNA sample. The suitable quantity has been taken from Pear- shaped glands and tubular glands were
this bulked  DNA  to  make the PCR mix. Initial screening seriously affected by irradiation which means that UV-A
of large number RAPD primers with B. assiuti, was can threaten the leech life by changing the nature of the
undertaken. Only 4 primers for bulked samples were mucus.
capable to produce informative data. Stable  glucose  haemolymph   levels   are  essential

Genetic fingerprinting: RAPD-PCR was employed in the and   reproductive   systems  in  animals   [26].   In  the
present study to assess the difference in the genetic
background between irradiated B. assiuti for 30 min/day,
45 min/day and 60 min/day for 15 days (Fig. 8).

Seven random primers C10, C 15, O5, O7, O10.O11 and
UBC 75 were used in the study to generate banding
profile of the treated organisms. A confirmative profile
was obtained using these primers (only four primers gave
a specific profile; C10, C 15, O10 and O15). The profile
obtained indicated the variation occurred due the
treatment and due to the individual variation between the
organism understudy.

DISCUSSION

Behavioral effects caused by UV response have
received little attention [25]. In this study abnormal
activity of the leech B. assiuti was observed during time
of exposure to UV-A. This abnormal activity may be due
to that, leech try to escape to find shelter from irradiation
and may be mediated by nervous tissue. According to the
survival index, the leech B. assiuti proved to be resistant
to daily short time exposure to UV, while long time
exposure (60min/day) affects their lifespan.

for  the  regular  functioning  of  the   nervous,   muscle

present  work,  glucose  concentrations  of  the  whole
body  decreased   by   irradiation.   When  leeches
exposed  to  UV-A  for   60  min/day  the  concentrations
of  glucose  were  slightly  elevated  which  may  be a
result to breakdown of glycogen (Glycogenolysis) or by
converting protein to glycogen by the gluconeogenic
pathway, which permitted leeches to maintain a minimum
level of circulating glucose to cover the leeches need of
energy to be alive.

According to published procedures [27], the
cholesterol content increases in response to metals
pollution in aquatic invertebrates Hydropsyche
contubernalis, this result is in disagreement with the
result obtained by irradiating leeches with UV where
cholesterol is reduced to nearly its half, which may reflect
different strategy concerning lipid metabolism under
different stressors. 

Iron is an extremely attractive prosthetic component
for incorporation into proteins as a biocatalyst or electron
carrier during the evolution of early life [28]. Iron plays an
indispensable role in various physiological processes,
such as oxygen transport, gene regulation and DNA
biosynthesis.
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According to Fischer [29], iron secretion is likely to 2. Misra, R.B., G.S. Babu, R.S. Ray and R.K. Hans, 2002.
be performed by botryoidal cells. Tubifix: a sensitive model for UV-B- induced

In the present work, the detected iron decreased in phototoxicity. Ecotoxicol. Environ. Saf., 52: 288-295.
whole leech B. assiuti body may confirm the change 3. Losey, G.S. and D. Hydes, 1998. The UV visual world
observed histologicaly in botryoidal tissue pigments. of fishes, J. Fish Biol., 54(1998): 921-945.
These observation means that the constant balance 4. Kerr, J.B. and C.T. McElroy, 1993. Evidence for large
between iron uptake, transport, storage and utilization is upward trends of Ultraviolet-B radiation linked to
affected dramatically by UV irradiation [29]. ozone depletion, Science, 262: 1032-1034. 

RAPD method was selected in the current study 5. Williamson,  C.E.,  S.L.  Metgar,  P.A.  Lovera  and
because of its successful use to detect DNA effects R.E. Moeller, 1999. Solar ultraviolet radiation and the
induced by mutations and chemicals with different modes spawning habitat of yellow Perch, perca Flavescens,
of action [30- 32]. The overall banding pattern obtained Ecol. Appl., 7: 1017-1023.
for different primers used in the current experiments 6. Huovinen,  P.S.,  A.  Oikari,  M.R.  Soimasuo  and
indicated that significant variations could be attributed to G.N. Cherr, 2000. Impact of UV radiation on the early
the treatment with UV irradiation. There is a growing development of giant kelp (macrocystis pyrifera)
interest in understanding the effects of UV radiation on a gamethophytes,     J.        Photochem.       Photobiol.,
number of biological systems, including invertebrate and 172: 308-313. 
special aquatic invertebrate. Furthermore, polymerase 7. Holm-Hansen, O., D. Lubin and W. Helbing, 1993.
chain reaction (PCR) has been used for measuring gene- Ultraviolet radiation and its effects on organisms in
specific DNA  damage  and  repair  in  eukaryotic  cells aquatic environments, in: L.O Bjorn et al (Eds),
[33, 34]. Appearing bands may also be the result of Environmental  UV  Photobiology,  plenum  press
structural changes induced by DNA photoproducts New York, (1993), pp: 379-425.
and/or by non genotoxic events such as transposition, 8. Charron,  R.A.,   J.C.  Fenwick,  D.R.S.  Lean  and
DNA amplification, etc. In leech B. assiuti, the T.W.  Moon,  2000.  Ultraviolet-B   radiation  effects
disappearance or appearance of extra bands occurred on antioxidant  status  and   survival   in  the
principally for UV- A irradiances because of UV inhibit zebrafish, (Brachydoanio rerio). Photchem. Phtobiol.
DNA repair and replication in leech. In addition, since the 72: 327-333.
time of exposure was very short, it is likely that extra 9. Urbach, F., 1989. The biological effect of increased
bands were  the  results of DNA photoproducts ultraviolet radiation: an update photochem.
(inducing some structural modifications and possibly new Photobiol., 50: 439-441.
annealing events) rather than mutations. 10. Pool, R., 1991. Ozone loss worse than expected.

CONCLUSION 11. Sommaruga, R., 2001. The role of solar UV radiation

In conclusion, the RAPD method has been Biol., 62: 35-42.
successfully  used  as  a  sensitive  means  of  detecting 12. Rozema, J., L.O. Björn, J.F. Bornman, A. Gaberšcik,
UV-induced DNA damage and shows potential as a D.P. Häder and T. Trošat, 2002. The role of UV-B
reliable and reproducible assay for genotoxicity. radiation in aquatic and terrestrial ecosystem- an
Furthermore, the present study suggests that the RAPD experimental and functional analysis of the evolution
assay  applied  in  conjunction  with  other  biomarkers of UV- absorbing compounds. J. Photochem.
such as protein, lipids, glucose and iron would prove a Phtobiol. B Biol., 66: 2-12.
powerful ecotoxicological tool. 13. Davies, R.J.H., 1995. Ultraviolet radiation damage in
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