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ABSTRACT

Two hundred clinically healthy female adult albino rats were divided into five main groups to
evaluate the hematological and biochemical effects of both vanadium pentoxide and glyphosate . Gp.
(1) contained 30 rats was kept as control. Gp. (2) contained 50 rats was orally given 1mg/kg B.W.
vanadium pentoxide (1/10 LDsp) for 60 successive days. Gp. (3) contained 35 rats was orally given
0.5 mg/kg B.W. vanadium pentoxide (1/20 LDsp), for 60 successive days. Gp. (4) contained 50 rats
was orally given 560 mg/kg B.W. glyphosate (1/10 LDsg) for 60 successive days. Gp. (5) contained
35 rats was orally given 280 mg/kg B.W. glyphosate (1/20 LDsg), for 60 successive days. The
obtained blood samples which collected in a clean EDTA tube were used for determination of
erythrogram and leukogram, beside collection of 3ml venous blood containing 150 IU heparin for
phagocytosis. The liver, kidneys and spleen were immediately fixed in 10 % neutral buffered
formalin for histopathological studies.

The results declared that the vanadium induce blood loss anemia as a result of erythrocyte
destruction. The leukogram showed leukocytosis, lymphopenia and neutrophilia in rats treated with
Img/kg B.W. vanadium pentoxide at the 60 days PT, while in rats treated with glyphosate the picture
was leukopenia, lymphopenia and neutrophilia. Vanadium pentoxideimg/ kg B.W. after 60 days
affecting the cellular immunity represented by the decrease in phagocytic % and phagocytic index.
Also, glyphosate treated rats (gps. 4&5) at the 30 and 45 days PT respectively till the end of the
experiment decrease cellular immunity. Both vanadium and glyphosate have immunosuppressive
effect.

It could be concluded that application of environmental pollutants for long periods have effects on
the cellular immunity, so precautions must be taken during its application to protect public health
from their effects.

INTRODUCTION
Environmental pollutants are hazardous

leaf weeds, pastures and cultures such as rice,
corn and soyabean (3-4).

substances which contaminate the environment;
such contamination can result in acute or chronic
health hazard on the population (I1). Vanadium is
extensively distributed in nature. It is a trace
element which is present in almost all-living
organisms, including man. It has the ability to
inhibit membrane sodium pump and affect the
activities of various other intracellular enzyme
systems (2). Glyphosate is perhaps the most
important organophosphate herbicide, which
contains  glyphosate  (N-phosphonomethyl-
glycine) as the active ingredient and
polyoxyethylenecamine (POEA) as the surfactant
agent. It is marketed as a non-selective, broad-
spectrum, post-emergence herbicide due to its
high water solubility and extensive usage. It is
used to control weeds in emerged grasses, broad-

The aim of the present work was to
investigate the hematological, immunological
and histopathological effects of vanadium and
glyphosate herbicide toxicity in albino rats.

MATERIAL AND METHODS

I-Material
Experimental rats

Two hundred clinically healthy fermale adult
albino rats (120 g average body weight) were
obtained from the Animal Laboratory House,
Helwan, Egypt. The animals were kept in clean
hygienic metal cages, divided into 5 main groups
and acclimatized for 14 days. All animals were
kept under hygienic conditions, given balanced
free medication ration and drinking water were
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allowed ad.libitum throughout the experimental
period.

Chemicals
Vanadiurn  (vanadium  pentoxide) was
obtained from Thomas Baker Chemical

Industries PVT LTD, Mumbai, India.

Glyphosate 75% was obtained from
Monsanto Agricultural Company.

I-Methods
Experimental design (Table 1)

Two hundred adult albino rats were divided
into five groups. Gp. (1) was kept as control. Gp.

Table 1.Experimental design
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(2) was orally given lmgkg B.W. vanadium
pentoxide (1/10 LDsp) (5) for 60 successive
days. Gp. (3) was orally given 0.5 mg/kg B.W.
vanadium pentoxide (1/20 LDsg) (5) for 60
successive days. Gp. (4) was orally given 560
mg/kg B.W. glyphosate (1/10 LDsp) (6) for 60
successive days. Gp. (5) was orally given 280
mg/kg B.W. glyphosate (1/20 LDsg) (6) for 60
successive days.

Group | No of rats Treatment Dose No & ttm:acgsacnﬁ ed
1 30 [ e -
[
- o 0
2 50 Vanadium pentoxide 1 mg/kg 28 ¥e
: H52EE
3 35 Vanadium pentoxide 0.5 mg/kg s B
L v
g L° K
4 50 Glyphosate 560 mg/kg = 209
Exg
5 35 Glyphosate 280 mg/kg e =
Blood sampling were stained with New methylene blue stain for

The blood samples were collected from the
retro-orbital venous plexus of rats, in a clean
EDTA tbe and used for the hematological
examinations. For phagocytosis, 3ml venous
blood containing 150 U heparin were collected.

Tissue specimens

The liver, kidneys and spleen were
immediately fixed in 10 % neutral buffered
formalin for histopathological studies.

Hematological techniques

The total erythrocytic count was performed
using the improved Neubauer hemocytometer
and Gower’s solution. The hemoglobin was
determined using Drabkin’s solution (7). The
packed cell volume was determined by
microhematocrit centrifuge. Blood indices
(MCV and MCHC) were calculated. Blood films

the reticulocytic count (8). The total leukocytic
count (TLC) was done using improved
Neubauer hemocytometer and Turkey’s fluid.
Blood films were stained by Giemsa stain and
the differential leukocytic counts were
performed and then the absolute counts were
calculated for each type of cells (9).

Evaluations of phagocytic
phagocytic index

This method is based on the uptake of
C.albicans by monocytes over a certain period of
time.Ten fields, each containing about 10
phagocytes, were examined under the oil-
immersion lens of a light microscope. The total
number of phagocytes which ingested yeast cells
was determined to calculate the percentage of
phagocytosis and phagocytic index (10).

activity &
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Phagocytic % is the number of monocytes
ingesting C. albicans=

Number of monocytes containing C. albicans
Total number of counted monocytes

Phagocytic index (P.J) is the number of

C.albicans ingested by 100 monocytes

=Total number of C. albicans in 100 monocytes
100

Histopathology

Rats were sacrificed and necropsied after 7,
14, 30, 45 and 60 day from the beginning of the
experiment. The liver, kidneys and spleen were
immediately fixed in 10 % neutral buffered
formalin for histopathological studies (11).

Statistical analysis

Data was collected and then analyzed by using
the computer program, the statistical method was
one way ANOVA (F test), LSD (Least
significant difference) (12) to estimate the effect
of different treated groups on different
parameters. Data were presented as mean + SE
and significance was declared- at (P < 0.05).
Means followed by different letters differed

significantly and the highest value was
represented with the letter a.
RESULTS AND DISCUSSION
Vanadium administered rats (gps.2&3),

showed a decrease in RBC count, hemoglobin
and packed cell volume (at the 30 days till the
end of the experiment) (Table 2) due to
hemolysis caused by pro-oxidative action of
vanadium (13} which reduced the activity of
Na', K" ATPase, leading to the disturbances of
sodium and potassium gradient on both sides of
the cell membrane (14). Furthermore, vanadium
inhibits the plasma membrane Ca**ATPase
activity (I5) and may open an L type-like Ca®*
channel in red blood cells (16). This situation
enhances erythrocytes swelling and leads to
haemolysis. Macrocytic hypochromic anemia
with reticulocytosis which observed at 30 days
till the end of the experiment in rat received
vanadium pentoxide (gps.2&3) may be due to
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the reduction of vanadate to vanadyle in the red
blood cells (I7) so lead to destruction of
erythrocytes which in turn stimulate the bone
marrow to push reticulocytes into the circulation.

A decrease in erythrocytic-count  and
hemoglobin levels with an increase iIn
reticulocytes  were recorded in rats orally

exposed to 1.18 mg vanadium/kg/day as
ammonium metavanadate for 4 weeks (18).
Aqueous solution of ammonium metavanadate
(AMYV) at different concentration in drinking-
water (sole drink) for 4 weeks to Wistar rats of
both sexes showed a decrease in the
erythrocytic-count, hemoglobin concentration
and hematocrit value (19-22). Rats administered
aqueous solution of ammonium metavanadate
{AMYV) (0.15 mg V/ml) for 14 days showed no
changes in the erythrocytic-count and
hemoglobin concentration (23). Meanwhile, a
slight increase in hematocrit value was observed.
On the contrary rats exposed intratracheally once
a month to 0.56 mg V,O¢kg B.W. for 12
months, no changes in the erythrocytic-count,
hemoglobin level and the peripheral blood
indices were recorded (24). Also, it has been
demonstrate  the absence of any significant
changes in haematological indices (25,26). The
differences between our results and the results
that were obtained by the above cited authors
may be due to of various chemical forms of
vanadium, doses and different times of
freatment.

Glyphosate administration to normal rats
{gps.4&S5) did not show any significant change
in erythrogram (RBCs-count, hemoglobin, PCV
and reticulocytes) throughout the experimental
periods (Table 2). Our results are consistent
with WHQ report (27). Meanwhile, our results
were disagree with (28) who found mild increase
in hematocrit and RBC-count in male rats, 13
weeks after oral administration of 25000 and
50000 ppm glyphosate with significant increase
in MCH, and MCV in female rats. Also (29)
who found a decrease in the hematocrit,
erythrocyte and hemoglobin-content in teleost
fish, Leporinus obtusidens (piava), exposed (o
different concentrations of Round up , a
glyphosate (acid equivalent) herbicide: 3, 6, 10,
and 20 mg/LL for 96 h (short-term).The
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difference may be due to the dose of glyphosate
and duration of the experiment.

The leukocytosis which observed in gp. 3 at
30 days , till the end of the experiment (Table 3)
was due to lymphocytosis which may be due to
an early antigenic stimulation with increased T-
lymphocytes and neutrophilia could be due to
hemolysis and toxicity by chemicals (30). Wister
rats administered aqueous  solution of
ammonium metavanadate (0.15 mg V/ml) for 4
weeks showed an increase in the neutrophilic
granules and lymphocytic-count (17). On the
other hand, leukocytosis, observed in gp. (2) at
60 day PT (Table 3) was due to neutrophilia
which may be due to tissue distruction (8). It
was accompanied with lymphopenia which may
be due to the immunosuppressive effect of the
vanadium with necrosis of lymphoid tissues
(31). Also, lymphopenia could be due to
lymphocytic migration to the site of tissue to
play their role in the defense mechanism. This
result gets along with the histopathological
lesions in the liver which showed interstitial
lymphocytic aggregations (Fig.1). The kidneys
showed focal replacement of renal parenchyma
with lymphocytes (Fig.2). On contrary it has
been recorded a  significant decrease in
leukocytic counts in both the 50 and 100 ppm
vanadium-fed groups after 10 weeks. Also, no
significant changes in WBC count in male
Wistar rats that received vanadyl sulphate (0.5
mg/ml) in drinking water for 52 weeks (25).
Male rats orally administered 9.7 mg ammonium
metavanadate/ kg B.W./day, vanadyl sulphate
0.15 mmol V/kg B.W./day and bis (maltolato)
oxovanadium 0.18 mmol V/ kg B.W./day in
drinking water for 12 weeks showed a
nonsignificant changes in leukocytic-count at 1,
2, 4, 8, and 12 weeks PT(26). Moreover, a non
significant change in the leukocyic count was
observed in rats orally treated with 0.05mg/kg
B.W. vanadium pentoxide. The differences
between our results and the results that were
obtained by the above cited authors may be due
to the difference in the dose of vanadium and
duration of the experiment (33).

Glyphosate  treated  groups  showed
leukopenia, lymphopenia and neutrophilia at 30
days in gp.4 and at 45 day in gp.5 that continued
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till the end of the experiment in both groups
(Table 3) which may be due to necrosis of
lymphoid tissues (31).This result get along with
the histopathological lesions in the spleen which
showed necrosis and depletion of lymphoid
elements and thickened splenic capsule reflected
the encountered lymphopenia (Figs.3&4). The
neutrophilia may be due to tissue destruction (8).
Leukopenia, lymphopenia and monocytosis
were recorded in all Round up poisoned rabbits
receiving 10.000, 20.000 and 30.000 ppm in
drinking water for 16 weeks. The difference may
be due to the difference in the animal species,
the dose of glyphosate and duration of the
experiment. However, a significant increase in
the lymphocytes at a dose >25,000 ppm and
white blood cells (WBC) at a dose > 12,500 ppm
in 10 F344N was recorded in rats or B6C3F1
mice orally administered glyphosate in the diets
for 13 weeks (28). The differences between our
results and the results that were obtained by the
above cited authors may be due to the difference
in the dose of glyphosate and duration of the
experiment.

The monocytes, eosinophils and basophils in
both vanadium and glyphosate treated rats did
not show any significant changes. Similarly a
non significant change in the differential
leukocyic count in rats orally treated with
0.05mg/kg B.W. vanadium pentoxide (33). On
the other hand, it has been noticed monocytosis
in all Round up poisoned rabbits receiving
10.000, 20.000 and 30.000 ppm of herbicide in
drinking water for 16 weeks (34). The difference
may be due to the difference in the animal
species, the dose of glyphosate and duration of
the experiment.

The decrease in phagocytic % and phagocytic
index in (gp.2) at 60 days and in glyphosate
treated rats (gps. 4&5) at 30 and 45 day PT
respectively  (Table 4)  indicate  the
immunosuppressive effect of both vanadium and
glyphosate. This effect may be due to the stress
of toxic materials in addition to depletion of
lymphocytes. All these factors may interfere
with lymphocytic ability to proliferate or
differentiate. Depression of phagocytosis was
recorded (35), in the adult ICR mice treated with
6 mg/kg B.W. vanadium pentoxide orally by
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gavage (5 days / week for 6 weeks) and in
Wister rats given vanadium pentoxide in
drinking-water (1 or 100 mg/L for 6 months).
Also a short exposure to Roundup (10 min at
concentration of 100,000 ug/l) in carp
(Cyprinus carpio) and European catfish (Silurus
glanis) caused a decrease in phagocytic activity
(36). Vanadium administration to rats at a dose
of 0.5mg/ kg B.W. did not show any effects on
the phagocytic % and phagocytic index. This
may be due to the low dose used.
Histopathological examination of spleen in the
present study confirmed the result of
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phagocytosis, in which the spleen showed
necrosis and depletion of lymphoid elements
and edema of septa together with thickened
splenic capsule (gp.2) at 60 days and in
glyphosate treated rats (gps. 4&5) at 30 and 45
day PT respectively.

It could be concluded that application of
environmental pollutants for long periods have
effects on the cellular immunity, so precautions
must be taken during its application to protect
public health from their effects.

Table 2. Erythrogram after 7, 14, 30, 45 & 60 days from the beginning of the experiment

(mean £S.E.) (No=5).

Days& | RBCs Hb PCV MCV MCHC MCH Ret'“e';'“y t

£ps. (10%p1) (gm%) (%) t1) (%) p2) (%)

7 Gpl | 6712028 | 1480049 | 4460:12 | 66642105 | 33.1820.61 | 22.1120.48 | 1.48+0.04
Gp2 | 659:027 | 14441053 | 44202058 | 67384194 | 32.632082 | 2193:03 | 1432007
Gp3 | 665:008 | 14726016 | 4420:058 | 6645803 | 33312008 | 22.13+0.10 | 148:0.04
Gpa | 6741016 | 1476019 | 44602040 | 6626:13 | 33008015 | 21926034 | 1.50:0.04
Gp5 | 668008 | 1468:0.12 | 44.80:058 | 67.062058 | 32782027 | 21.980.11 | 1.50+0.09

14Gp1 | 6808017 | 14892023 | 44802066 | 6576:074 | 32241014 | 21.92£0.22 | 1.4820.13
Gp2 | 6.77+0.11 | 14.69:020 | 45001044 | 66.53:0.50 | 3265028 | 21.72:028 | 1.500.07
Gp3 | 680007 | 1468:0.17 | 45008089 | 66142070 | 32.64+027 | 21'58+0.17 | 1.5020.04
Gp.4 6.860.09 14.72+0.11 44 600,24 65.07+1.12 33.010.37 21.46+0.25 1.38+0.03
Gps | 6.88:006 | 1478+0.13 | 44801073 | 6515+1.51 | 33.05:0.78 | 21.48:0.06 | 1.4320.07

30 Gp1 | 66120.15a | 14620272 | 446020674 | 6749 20.68b | 329320372 | 22222032 | 153 £0.11 b
Gp.2 4.4440.10 b 10.22+3.14 b 36.80 £0.48b | 83.06x1.15a | 27.76 20.23 b | 23.06+0.31 2.46 20.05 a
Gp.3 4.52+0.09 b 10.13 £0.05b 3640 20.24b 80.62+1.12 3 27.82+0.07b 224314034 | 238 0.06a
Gpd 6.64 £0.11a 14.59 +0.16 a 4440 £0.24a | 6696 081 b | 32.86 20.20a | 22.00+0.18 148 £009b
Gp.s 6.66x0.104a 14.67+0.11 a 44.80+096a | 67.25 H.67b 32.78 £0.49a | 22.0310.19 i.50+0.08b

45Gp.l | 6.85:008a | 146410242 | 4480:0.73a | 6543:043b | 32.67¢0.13a | 21372012 | L1.67:0.08b
Gp2 | 4.57:0.16b | 103420.10b | 37.408040b | 8220:225a | 27.640.11b | 22724062 | 2.48:008a
Gp3 | 4712024b | 104120096 | 3780£037b | 809013292 | 27.55:006b | 22.28+0.91 | 2.40:0.11 2
Gp4 6.80+0.07 a 14.71+0.09 a 44 60+0.67 a 65.58+0.48 b 33.00£031a 21.6310.13 1.60+0.11 b
Gps | 68740072 | 1472:010a | 448010732 | 65.16+043b | 3288+0.56a | 214240.24 | 1.5720.06b

60Gp1 | 6.77+0.11a | 14720222 | 44.80:0.58a | 6623+0.78¢ | 32.86:023a | 21.75%0.16 | 1.500.10b
Gpz | 434:004b | 102820.08b | 37.6080.74b | 86.65¢1.03a | 27.382036b | 23.71%0.17 | 2.56+0.08a
Gp3 | 4.6720.20b | 10.35:0.10b | 37.80£0.80b | 81.25:1.92b | 27.40:035b | 22284074 | 2.48+0082
Gpd | 6.70:008a | 147820282 | 45.00£1.04a | 67.12:0.89c | 32.852020a | 22.04:0.21 | 1.4720.08b
Gps | 6.75:0.11a | 1488:027a | 45.00:1.22a | 66.6:0.89c | 33.004030a | 220%012 | 1.5250.07b

Means within the same column at the same period carrying different letters are significant at (p< 0.05)

Each value represents the mean + SE
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Table 3. Leukogram (x 10*/pl) after 7, 14, 30, 45 & 60 day from the beginning of the
experiment (mean +S.E.) (No=5).

Dayz& TLC Lymphocytes Neutrophils Monocytes Eosinophils Basophils
7 Gpai 8.81+0.13 6.17+0.18 2.1810.10 0.37+0.02 0.09+0.00 0
Gp.2 8.78+0.08 6.22+0.10 2.11x0.08 0.37+0.02 0.08+0.001 0
Gp3 8.89+0.08 6.35+0.10 2.06+0.04 0.40+0.02 0.08+0.001 |
Gpd 8.7410.21 6.22+0.18 2.06:0.10 0.37+0.01 (.09+0.002 0
Gp5 8.90+0.21 6.3210.19 2.13x0.04 0.36+0.01 0.09£0.002 0
14 Gp.1 8.9910.15 6.3810.14 2.16+0.04 0.36+0.006 0.09+0.002 0
Gp2 9.11+0.12 6.54+0.11 2.11+0.05 0.37+0.004 0.09:£0.001 0
Gp.3 9.13+0.13 6.50£0.15 2.17+0.03 0.37+0.005 0.090.001 0
Gp4 8.97+0.2 6.4410.17 2.08+0.04 0.360.008 0.09+£0.002 0
Gp5 9.0+0.17 6.49+0.13 2.0740.06 0.3610.007 0.09+0.002 0
30 Gpa 9.10:0.2 b 6.57£0.17 b 207003 b 0.3740.03 0.09+0.,02 0
Gp.2 11.29£0.07 a 8.08:0.04 a 2.73:0.05a 0.38+0.03 0.10x0.02 0
Gp.3 11.08£0.07 a 8.00+0.06 a 2.61x0.08 a 0.38+0.03 0.09:0.02 0
Gpd 7.5240.12 ¢ 4.50+0.04 ¢ 2.57£0.10a 0.36+0.01 0.09+0.03 0
Gp5 8.98+0.06 b 6.45+0.03 b 2.080.05 b 0.36+0.03 0.09x0.06 0
45 Gp.1 9.22+006b . 6.66 +0.01b 210004 ¢ 0.37+0.002 0.09:£0.06 0
Gp2 11.50£0.16 a 8.21x0.13 a 2.8310.02 a 0. 37+0.03 0.09+.0.02 0
Gp.3 11.48+0.16 a 8.20+0.18 a 2.80+0.03 a 0.39+0.0 0.05+0.02 0
Gp4 7.54+0.13 ¢ 4.461£0.10c 2.61:0.05b 0.3810.07 0.09+0.03 0
Gps 7.62+0.07 c 4.56:0.65c 2.61x0.37b 0.36+0.02 0.09+0.03 0
60 Gp.1 9.30+0.10b 6.71£0.07 b 2.12x0.064d 0.38+0.03 0.09£0.01 0
Gp2 11.62+0.06 a 5.04+0.08 ¢ 6.11£0.05a 0.3810.04 0.09+.0.02 0
Gp.3 11.5440.09 a 8.2410.04 a 2.841+0.04 b 0.37+0.05 0.09+0.02 0
Gp4 7.54+0.10¢ 4.5240.07 d 2.55+0.05¢ 0.38+0.05 0.09+0.03 0
Gp.5 7.55+0.11 ¢ 4.50+0.07 d 2.5810.04 ¢ {.38+0.06 0.09:0.03 0

Means within the same column at the same period carrying different letters are significant at (p< 0.05)
Each value represents the mean + SE. '

Table 4. Phagocytic % (P%) & Phagocytic index (PI) after 7, 14, 30, 45 &60 day from the
beginning of the experiment (mean +S.E.) (No=5).

The days from the beginning of the experiment and the parameters

Gps. 7 14 30 45 60
P% PI P% PI P% Pl P% PI P% PI
1 5240 0.87 5240 0.87 524° 0.87" 524" 0.87" 52.40" 0.87*
(Control) +0.92 +0.02 +0.92 [ +0.02 +0.92 +0.02 +0.92 +0.02 +0.92 +0.02
2

54.40 0.83 35.60 0.81 49.80° 021" 48.00° 0.80" 35.60 ™ 0.70°

V205 +0.74 +0.01 .74 | 0.01 +0.58 +0.008 +0.44 +0.009 +0.92 0.0]

{(img/kg B.W.)

3
V05 5320 | 086 | 5300 | 085 | 49.00" | 086" | 4960 | 086" | 49.40° | o085
(0.5mg/kg £1.15 | 0004 | 2070 | 2001 | 2118 | 20.01 £1.63 | 20007 | =x1.36 +0.01
B.W.)

4 .
Glyphosate | 50.00 | 085 .| 5440 | 081 | 37.80° [ 070" | 3600"® | 0.69° | 3340° | 067
(560mg/kg 1.0 | £0.007 | 092 | £0.01 | 115 | £0,007 | 2083 001 | .32 | 20007
B.W.)

5
Glyphosate | 5200 | 085 | 5400 | 084 | 4900 | 081" | 3880" | 068> | 3820° | 065"
(280mgrkg | x1.22 | £0.01 | 114 | +0.01 | +1.78 | 20.01 200 | £0.006 | 2.1 +0.01
B.W.)
Means within the same column at the same period carrying different letters are significant at (p< 0.05)
Each value represents the mean = SE
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Fig. 1. Section of rat liver from group 2, sixty days post treatment showing portal edema (a),
lymphocytes and fibroblast proliferation (b) and vacuolar degeneration of the
hepatocytes (c) at 60 day PT, H & E. , X300.

Fig. 2. Section of rat kidney from group 2, sixty days post treatment showing focal replacement
of renal parenchyma with lymphocytes (a) and nephrotic changes in the renal tubules
(b). H& E., X 300.
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Fig. 3. Section of rat spleen from group 4, sixty days post treatment showing thickened splenic
capsule (a) and lymphoid depletion (b). H&E. , X 300.

s o -y

Fig. 4. Section of rat spleen from group 5, sixty days post treatment showing lymphoid depletion
(a) and edema (b). H & E., X300.
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