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Abstract: Histological end hematological disturbance caused by Arsenic containing water were studied in mice
model. Animal were divided into four groups. Control group exposed to arsenic free distilled water and 3
treatmental group exposed to the arsenic containing water with 30, 150 and 300 ppb. Blood samples and organs
were collected after 40 days. Histopathological results revealed mild to severe type of necrosis and degenerative
changes in kidney and liver of arsenic feed ammals. Kidney of the 300 ppb group showed severe type of
necrosis and degenerative changes in distal and proximal tubules. The renocytes of proximal and distal tubules
were showing hydropic and fatty degeneration. Due to degenerative changes cells were showing cytoplasmic
vacoulation and cytoplasmic and nuclear blebbing. Glomeruli cells were contracted and increased the bowman’s
spaces. Varied degrees of changes were also observed m 30 and 150 ppb exposed group. Necrosis of
hepatocytes and cytoplasmic blebbing were also observed. The sinuscidal spaces were expanded due to
shrinkage and necrosis of hepatocytes. Spleenocytosis occuwred in spleen and the parenchymal and
mesenchymal cells were replaced by connective tissue. The lymphocytes were severely damaged by arsenic
toxicity. White Blood Cells (WBCs), Red Blood Cells (RBCs) and hemoglobin level in control groups were in
normal range where as level were significantly decreased with the increase dose of arsenic in the respective
treatmental groups. The data was analyzed statistically and was found that significant was found among the

group (p<0.05).
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INTRODUCTION

Drinking water 1s derived from a variety of sources
depending on local availability. These resources include
surface water, ground water and rainwater. The presence
Higher arsemic
contamination 1s found in ground water as a result of the
influence of water-rock interactions or where favorable

of arsenic varies in each source.

physical and geochemical conditions are present for
arsenic mobilization and accumulation in the aquifer. In
natural water arsenic 1s mostly found m the form of
trivalent arsenite As (T1T) or pentavalent arsenite As (V)
(Department of Environmental Quality, 2003).
Pulmonary absorption of soluble forms, such as
arsenic trioxide, 1s rapid while less soluble forms may
reside in the lower airways and be absorbed during a
prolonged period of time (Marafante et al, 1987).
Pentavalent arsemic compounds are almost totally
absorbed (till 90%) in most species. The absorption of
trivalent arsenic is limited, although the toxicity is greater
because of the high lipid solubility (Mahieu et al., 1981).

Experimental studies have indicated that the liver is
an important site of arsenic methylation, especially
following ingestion, when the absorbed arsenic initially
passes through the liver (Marafante et al., 1985). The
biomethylation of inorganic arsenic to Dimethylarsinic
acid occurs via alternating reduction of pentavalent
arsenic to trivalent and addition of methyl groups
(Hirata and Tanaka, 1990). Arsenite methyltransferase
activity has been detected in vitro in liver from rabbit,
rat, mouse, hamster, pigeon and rthesus monkeys
(Zakharyan et al., 1995; Aposhian, 1997).

Arsenic is difficult to detect while ingesting, as it is
tasteless and odorless. The effects are not immediately
visible and people can absorb significant quantity of
arsenic without any immediate health complications. Local
effects in acute poisoning by inhalation are irritation of
the respiratory tract, rhinitis, pharyngitis, laryngitis and
tracheobronchitis, with cough, pain during nspiration and
dyspnoea (Hathaway et af., 991). Massive mnhalation and
swallowing of substantial amounts of crude arsenic dust
(more than 80% As,O;) are responsible for the death,
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within several hours, of a worker. At autopsy, trachea and
main bronchi shows widespread mucosal and submucosal
haemorrhages and there 1s intense visceral congestion.
Breathing inorganic arsemc increases the risk of lung
cancer (Tahir, 2000).

Patients may develop hepatomegaly, jaundice, portal
hypertension or pancreatitis caused by the direct effect of
arsenic. However, Labadie et al. (1990) suggested that
arsenic induced hepatic injury is caused by vascular and
not hepatocellular damage. JTaundice, is described after
prolonged arsenical medication (Ishimishi et af, 1986).
Renal failwe is caused by vasodilatation leading to
increased glomerular filtration and capillary permeability.
The resulting protein leakage causes acute tubular
necrosis or diffuse interstitial fibrosis (Cullen et al., 1995).
Acute renal tubular necrosis and also cortical necrosis 1s
reported in severe acute poisoning (Agency for Toxic
Substances and Disease Registry, 1989).

The world health orgamzation (WHO) guideline value
for arsenic in drinking water is 10 pg™' that is 10 ppb
(WHO, 1993), although this level leads to increase lifetime
skin cancer risk. WHO has mentioned that a concentration
of 0.05 mg L™ of arsenic in drinking water is not
assoclated with any adverse health effects. Recommended
limit of Pakistan Standards Quality Control Authority
(PSQCA) for arsenic in drinking water is 50 ppb.

In Bahawalpur District water of 5 tehsils were found
to be unsafe due to high arsenic concentration of 10 ppb
(WHO, 1993), however 2.63% were declared as unfit if we
followed PSQCA standard in Bahawalpur District. In
Rahim Yar Khan District 19.12% water samples exceeded
the limit of 10 ppb where as 3.02% samples exceeded the
arsenic concentration limit of 50 ppb in Multan city
37.61% of water samples exceeded the limit of 10 ppb and
2.87% water samples exceeded the arsenic contamimation
limit of 50 ppb. In Pakistan the highest concentration of
arsenic is present in village Bhind Waas of Multan district
and the concentration is 328 ppb which is very high value
and 1t 15 toxic for people living there (Kahlown et al.,
2003). In different areas of Pakistan the level of arsenic in
water is more then the safety guidelines of WHO and also
exceed from Pakistan Standards Quality Control Authority
guidelines. Arsemic 1s very hazardous to the health that’s
why this present study has been conducted by using
mice as experimental animal.

MATERIALS AND METHODS

Present study were designed in 2007 to found out
histological effects of arsenic toxicity in different organs
and hematological disturbances i mice model , for this
study 20 mice, 30 g of weight were used at ammal house

in National Veterinary Laboratories (NVL) Islamabad. The
mice were further divided into four groups i.e., group 1,
group 2, group 3 and group 4 and each group contaning
5 mice. The experimental group was provided with the
arsenic free water to control group and treated group
were given arsenic water in concentration of 30, 150 and
300 ppb, respectively.

The mice were anesthetized by ether after 40 days.
Blood was collected by cardiac puncture before sacrifice
for complete blood picture and for this purpose Auto-
Hematology Analyzer (Backmann, USA) was used. The
Liver, kidneys, spleens were removed and were fixed in
10% buffered formalin for histological examination. These
were processed, microtomed at 5 p and stained with
haemotoxylin and eosin (H and E) stain.

RESULTS AND DISCUSSION

Histopathological changes in kidney: The kidneys of the
control group were showmg no listopathological
changes, the bowman’s capsular or renal spaces were
remained normal (Fig. 1). The kidney showed varied
degree of the gross lesion of hemorrhages and milder to
dark plum color appearance. The renocytes of the proximal
and distal tubules were showing mild hydropic and fatty
degeneration of the cells in the group that is exposed to
30 ppb arsemc contamning water (Fig. 2). Moderate
degenerated cells were showing cytoplasmic vacuolation
and cytoplasmic blebbing. Necroses of the convoeluted,
distal and proximal tubules were in abundance. The
necrosed cells exposed to coagulated and
liquifactive types of necrosis. The bowman’s capsular
spaces were expanded due to the shrinkage of the
glomeruli cells in group exposed to spiked 150 ppb arsenic
water (Fig. 3). Cytoplasm has granular appearance due to
the hydropic and fatty degeneration showing vacuoles.
The group that is exposed to water spiked with 300 ppb of
arsenic showing severe hydropic and fatty degenerative
changes. Due to the hydropic and fatty degenerative
changes the cells of the tubules were turgid and
occluding the lumen of the tubules. The renocytes of the
proximal and distal tubules were showing severe hydropic
and fatty degeneration of the cells. Due to severe
degenerative changes cells were showing cytoplasmic
vacuolation and cytoplasmic blabbing and nuclear
blabbing were also observed (Fig. 4). The brush borders
of the convoluting tubules were deciliated in varied
degree of necrosis. Necrosed patches were in abundance.
Glomeruli cells were contracted in the center and

WEIe

increased the bowman or renal spaces.
The kidneys showed necrosis, hydropic and fatty
degenerative changes in the distal and proximal tubules.

1406



Pak J Biol Sci, 11 {11} 1405-1413, 2003

Fig 1. Kidney of mice of cortral group showing no
nectatic and degenerative changes (1600 H
and E)

Fig 2: Kidney of mice showing varied degroe of necrotic
and degenerative changes expoeed to 30 ppb of
arsernc thr cugh daily water, Shrinkage of glom eruli
and tmild expansion of bowman's capsule (&)
coagulative and mild ligifiactive necrosiz (B)
byotopic and fatty degenerative changes in distal
twbules (C) hydropic and fatty degenerative
changes in proximal tubules (D) mild eytoplasmic
blabbing () (1600 X H and E)

It could he due to increase glomerular filtration and
capillary permeability by arsenic toxicdy as a result of
which leakage of proteins occurs that causs tubular
nacrosia as aleo ohssrved by Cullen ef al. (19957 In this
study gevere degenerated cells were observed that
showed cytoplasmic vacoulation or blebbing. It might he
due to degradation of cytoplasmic material specially
‘denaturation of proteing components which produce
vacruoles in the eytoplasm In the kdney shrinkage of
glomerulug and increase in Bowman's spaces wete
observed it s due to infiltration of lquid material from
glomeridi to Bowth an’s spaces as also evident by Foy and
Bhattacharya (2006).

Fig 3: Kidney of thice showing necrotic and degenet ative
changes exposed to 150 pph of atsenic through
daily water. Shrinkage of glomenali and moderate
expansion of bowmat's capsule (A, coagalative
and moderate liquifactive necrosis (B), moderate
necrosis, hydropic and fatty degenerative changes
in  distal tubules (2, hydropic and  fatty
degenerative changes in procimal tubules (D),
maclear  hlabbing (F), moderate
blabbing (3, (1600% H and E)

cytoplasmic

Fig 4: Kidney of mice exposed to 300 ppb of arsetnc
through daily water. Severe shrinkage of glomeruh
and expansion of bowman's capsule (4), severs
coagulative and ]iquif'acﬁire fiectosis (B), severe
byrdropie and fatty degenerative changes in distal
tubules (O, severs type of necrosis, hydropic and
fatty degenerative changeain progimal tubudes (I,
gevere nuclear blabbing (F), severs cytoplasmic
blabbing (3, (1600 H and E)

Histopathological changes in liver : Liver were showing
main gross lesions of hemorthages. The liver was
thowing vatied degree of necrosie and degenstative
changes in the hepatocytes and central wein. The cells of
the liver were showing mild hydropic and fatty
degeneration of the cells (Fig 30 The degenerated cells
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Fig 5 Livet of mice of control group showing no necrotic
and degenerative changes Histology is almost
notmal (1600 X H and E)

Fig 6 Liver of mice showing mild degree of necrotic and
degenierative changes exposed to 30 ppb of
atgenic through daily water Expansion of
sittusoidal spaces (collecting ducts) (A mild
necross of hepatocytes (B), free nucled (T, mild
degres of nucleus blabbung (T, mild cytoplasmic
blabbung due to hydropie and fatty degeneration
(E). (1600, H and E)
showing mild eytoplasmic wvacudation and
eytoplasmic blebbing Mecrosis of the hepatocytes and
lymphatic cellawere in small number, The necrosed cells
wete sxposed to low lavel of coagulative and liquifactive
type of necrose The sinusoidal spaces were expanded
due to shrinkage and necrosis of hepatic cells (Fig. ).
Hecrosed patches were i small number, hemorrhages
were not frequent through ot the argan Cytoplasm has
grandar appearance dus to the hydropic and fatty
degener ation, showing vacuoles,

The pgroup exposed to water cortarmng 150 and
300 pph of arserte revealed moderate and severs type
of histopathological changes. Degenerated cells were

were

Fig ¥ Liver of mice showing moderate degree of necrotic
and degenerative changes exposed to 150 pph of
arsenic through daly water Moderate expansion
of sitmsoidal spaces (collecting ducts) (&),
moderate necrosis of hepatocytes (B), free nucled
(29, Moderate degree of nucleus blabbing (D),
moderate oytoplasmic blabbing due to hydropic
and fatty degeneration (E), (160020 H and E)

Fig & Liver of mice exposed to 300 ppb of arseric in
daily water. Expanmon of snusodal spaces
Ceollecting ducts) are severe and in abundance
(&), severe necrosis of hepatocytes (B), free
tacled (0, mucleus vacoulation or Wabbing (D),
severe cytoplasmic vacoulation (blabbing) due
to hydropic and fatty degeneration (E), central
vein in showing necrose of epithelium (16002,
H and E)

showing severe cytoplasmic vacuclation and cytoplasmic
Hlabbing Hecrosis of the hepatocytes and lymphatic cells

were i large numbers. The necrosed cells were exposed

to moderate and high level of coagulative and liquifactive
tyrpes of neerame. The mnusoldal spaces were ex panded
due to shrinkage and necroms of hepatic cells. N ecrosed

‘patehies were it small namber, hem arthages were frequent

throuagh out the organ(Fig 7, &)
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Fig 9 Spleen of mice of control group showing no
necrosis and no connective tissuss proliferation

(16003, H and E)

Hepatic necrosts may be due to oxystress induced by
argeruc that fiwther invelved in the cellular proten
degradation, The sinusoidal spaces were expanded due to
shrinkage and necrosis of hepatic cells because arsenic
increases the penmeability from which infiltation of
cellular matenal take place Santra et al (20077 conductad
a study on arverucoss and their results are parallel to thiy
study and they concluded that gross lesions and
apoptosis of liver cells were due to oxidative stresy in
mitochondria which plays impotant role in  the
pathogenssis of arsenic induced apoptotic liver cell
injury Arsenic increases the level of oxygen reactive
species which wduced apoptosms of the celly as also
gvident by the study of Somua ef ! (2006) and
Grupta ef e, (2007, It was observed that maclear Wlabbing
both in liver and kdney cells which might be due to
cleavage of nuclear material by arvenic as alvo evident by
the research of Sorma et ol (20087,

Hisiop athological changes in spleen: Mice exposed to
water spilced with 30 ppb. The spleen was showing mild
degree of necrosis and degenemtive changes in  the
gpleenocytes and lymphocytes (Fig. @, The cells of the
spleen  showed mild hydropic and fatty degeneration.
The degenemted cells showed mild coytoplawmic
vacuolation and cytoplasmic blebbing Tlecrosiy of the
spleenocytes and lymphatic cells were mild. The necrosed
cells were exposed to mild coagulative and lguifactive
type of necrosis. There were mild numbers of free nucla
due to cell necrosis Celle of spleen were ghowang mild
hydropic and faty degenerative changes. Parenchiysmal
celly and mesenchymal cells were replaced by connective
tissies but the condition 1% mild there was indication of
connective tsmies proliferation (Fig. 100

Fig 10:3pleen of mice exposed to 30 ppb of arsenic
showing wraned degree of necross, initial or very
mild degree of connective tissues proliferation
(&) mild necrosis of splesnocytes (B)(1600X,
H and E)

I ezzperimental animals egposzed to spiked water with
150 ppb of arsenic the spleen was showing moderate
degres of necrosis and degenerative changes in the
splesnocytes and lymphocytes. The cells of the spleen
showed moderate hydropic and fatty degeneration. The
degenerated  cells showed moderate cytoplasmic
vacuolation and cytoplasmic blebbing, Tecrosis of the
spleenocyies and lymphatic cells were moderate. The
necrosed cells were exposed to moderate coagulative and
liquifactive types of necrosis. Free miclei due to cell
necrosiy were also observed Parenchymal cells and
mesenchymal cells were replaced by connective tssues
the condition was moderats thers was varied degree of
connective  tissmies proliferation and nmphocytosis
(Fig 11,

In expenmental ammals ecpowed to water spilosd
with 300 ppb of amwerne showing vevers type of necrosiy
and degenerative changes in the spleenocytes and
lymphocytes, The celly of the wplesn showed severs
hydropic and fatty degenemtion. The degenerated cells
showed severe cytoplagnic vacuolation and cyloplasmic
blebbing Mecroms of the spleenocytes and lymphatic
celly were severe. The necrosed cells were exposed to
gevere congulative and liguifactive types of necrosy.
There wete severe mumbers of free nuclal due to high
numbet of cell necrosis Cells of spleen were showed
severe  hydropic and fatty degenemative changes
Parenchymal cells and mesenchymal cells were severely
replaced by connective tismsues the condition swmas wery
sevvere. There was vaned degree of connsctive tissues
proliferation, which was shown by fiber like appearance
(Fig. 13 Cyloplasm due to hydropic and  fatty
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Fig 11.Mice expored to 150 ppb of arsenic showing
varied degree of necrosis and other degenerative
changes, moderate level of connective tissues
proliferation  (A) moderate necroms  of
pleenocytes (B (18003 H and E)

Fig 1% Mice exposed to 300 ppb of arsenic showing
necrosis and other degenerative changes, in
spleenocytes  fregquently, severe degree of
cotitective tesues  proliferation (A) severe
necross of spleenocytes (B (1600, H and E)

degeneration, showing wacuoles which gave the
cytoplasm  granular appearance Due to these enlire
disturbance there was severe disturbance in spleen
functional activity, The lymphocytes were severely
damage by the arsenic toxcity

Sabourai et gl (2004) sudied the effects of arsenic on
splesn in and their results are related to this study and
both  studies  confirmed  that  spleen  showed
spleenocytosis and proliferation of connective tissues
The effect of arsemc was not pronounced on pleen as
compared to other organs like liver and kidney.

Hematological disturbance due to arsenic toxicity: Blood
were glso analyzed for the complete picture (CP) of control

Tehle 1. Henmtological studies of contral and amenic expesed groip

Expetimerdal vahie
Hemmal

FParamswer Comtrol  30pph 150pph  S00pph vk

WEC 10°/L 0550 0495 0335 0310 0540-26.20
FEEC 10'%L 0g.91 05.51 04,03 0275  0700-1000
Heb @ dL=% 0910 0804 0482 0470 10001790
Het (%) 27.86 2502 21.05 1620 3500-51.00
MEY ) S900 5844 s2.67 5187 57006500
MCH (pg) 17m 1e% 180l 1600 1500-2200
MCHC (zdL™) 3201 3110 8.3 2701 30003500
Fit 10%L dEe40  TIFS0 FTA00 35975 190.0-1000

and argemuc exposed mice and results showed blood
composition were sgnificantly disturtbed in arsemc feed
groups. White blood cells (WE Cs) level in control groups
were i normal range 05.50 (10%L) where as level were
significantly decreased as 04,95, 03,35 and 03,10 (10%L)1n
Group 2, 3 and 4, respectively. BB Cslevel were recorded
a8 06.91,0551, 04,053 and 02, 75010V ingroup 1, 2, § and
4, respectively, same kind of results were also recorded for
hemoglobin(Hg)as 05,94, 09.10, 06.82 and 04 70 gdL—"in
group 1, 2, 3 end 4, respectively. Hematocnt percenta ge
was recorded as 27 86, 2502, 21.05 and 16.20% i group 1,
2, 3and 4, respectively, platelets level were recorded as
462.4, 717.50, 372.00 and 359 75(10%L) (Table 1),

In this study the effect of arsenic on blood was
studied and it was observed that compl ste picture (CF) of
blood was sgnificantly disturbed by arsenic toxdicity. The
White blood cells (WB Cs) level was decreased in arsenic
feed groups. [tmight be due to apoptotic effect of arsenic
ontplasma cells ay alwo studied by Rousselot ef ol (2004),
Inthe same type of studies carried by Breton ed al. (2008)
and Gupta and Flora (2006) and they examined the
hematological alteration due to arsenic and their remilts
are correlated with our study that red blood cells (RE Cy)
and hemoglobin lewel is decreased with increase
concentration of argenic, This could be due to binding
ability of arsenic to hemoglobin that led to inhibition of
hem synthesis pathway. [t wae obzerved duting the study
that RECs, WECs and hemoglobin level were disturbed
then automatically other parameters like hemat ocrit, mean
cell wolume, mean cell hemoglobin, man cell hemoglobin
concentration were algo be disturbed becouse these are
dependent on the former parameters. Only platelets were
fot digturbed by arsenic srposwre. The preferential effect
of argenic on B cells and monocytes could account for the
immunotoxic effects of thews metals on the humoral
immune systen same effects have been found by
Fuente ef af. (2002,

The data was statistically analyzed by AWNOWVA
through which it was observed that mean cell wolume,
mearn cell hemoglobin, mean cell hemoglobin
concentration have no significant difference (p=0.05)
while white blood cells, red blood cells, hemoglobin,
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Fig. 13: Box-plot of statistical data of WBC’s

hematoerit and platelets have (p<0.05) sigmficantly
different values so for these LSD Test was further applied
to calculate the significant difference at 0.05 level among
different groups. In case of WBC’s the control group is
only significantly different from 150 ppb and 300 ppb
groups (p<0.05). Similarly 30 ppb group is only
significantly different from 300 ppb group (p<<0.05). There
was no significant difference (p=>0.05) between control
and 30 ppb group. The 30 ppb group 1s non significant to
150 ppb, while there 1s no sigmficant difference between
150 and 300 ppb groups (p=0.05) (Fig. 13). The 1italic and
bold words show sigmficant difference at p = 0.05 level.
The data was represented by BOX plot. Similar procedure
was applied for RBC’s, hemoglobin, Hematocrit and
platelets. In case of RBC’s that 30 ppb is significantly
different from control and 300 ppb group (p<0.05). There
is significant difference between 150 ppb and control
group while 300 ppb is significantly different from
control and 30 ppb group (p<0.05) (Fig. 14). For
hemoglobin 30 ppb group is significantly different from
150 and 300 ppb group (p<0.05). 150 and 300 ppb are
significantly different from control and 30 ppb group
(p<0.05) (Fig. 15). In case of Hematocrit control and
group of 30 ppb both were significantly different from
50 and 300 ppb group (p<0.05). While 50 ppb group had
significant different values from control and 30 ppb
groups. 300 ppb is significant different from control and
30 ppb group while no significant difference was found
with 150-ppb group (p=0.05) (Fig. 16). Statistical analysis
of platelets readings showed that 30 ppb group was
significantly different from rest of the groups, while 150
and 300 ppb group were only significantly different from
control and 30 ppb group (p<0.05) (Fig. 17).

12.004
10,00
8.004
3
6.00
4.00+ _— i
2.004
Control 30 150 300
Groups (ppb)

Fig. 14: Box-plot of statistical data of RBC’s

Oy

o 0 !

4.001

Control 30 150 300
Groups {ppb)

Fig. 15: Box-plot of statistical data of Hb
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15.004 -

10.00+

40.00+
35.00
30.00

=
2 25.00

T L] T
Control 30 150 300
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Fig. 16: Box-plot of statistical data of HCT
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Fig. 17: Box-plot of statistical data of PLT
CONCLUSION

This study concluded that arsemic contaminated
water 1s very hazardous to the health of human as well as
to livestock. The drinking water must not contain the toxic
level of arsenic. Significant intervention and work has
required detecting the level of arsenic in drinking water in
all over Pakistan, according to PCRWR-UNICEF report
arsenic contamination in ground water of various parts of
southern Punjab is greater then guideline values. Finally
it 18 concluded that survey of other areas of Pakistan
especially the areas where deep well water 1s using for
drinking purpose should performed. There should be
Arsenic Level Directory and data base of different areas
of Palastan, which would help to make design for water
supply so that the people and livestock are provided with
almost arsenic free water and necessary information on
arsenic contamination.
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