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ABSTRACT

Vanadium (V) is a heavy metal and trace clement. It is believed to be a novel
anticarcinogenic agent. It helps in the protection against the cancer induced by
dimethylbenzantheracene (DMBA), adenocarcinoma in female-albino rats. One hundred and five
female rats were divided into four gps. Gp.(1), 15 rats, was the negative control. Gp.(2), 30 rats,
was orally intubated by vanadium pentoxide (0.05mg/kg B.wt for 150 days), Gp.(3), 30 rats, was
orally given DMBA(100mg/kg B.wt, the dose was divided into 4 weekly applications, dissolved
in corn oil.. Gp.(4) , 30 rats, was orally given vanadium (0.05mg/kg B.wt for 150 days). Four
weekly oral doses of DMBA, dissolved in corn oil were given after one month from the start of
vanadium which continued for 150 days. Blood samples were collected from the retroorbital
venous plexus for hematological and biochemical studies after 90, 120 and 150 days from the
beginning of the experiment. Specimens were taken at the same time from the liver, kidneys,
lungs, spleen, mammary glands, oviduct and ovaries for histopathological examination after
sacrifice of the rats.

Vanadium pentoxide, at a very low dose (0.05mg/kg B.wt), induced mild alterations in
the hematological and biochemical parameters besides reversible hepatic and renal lesions.
Vanadium enhanced the elevation of antioxidants as catalase enzyme (CAT), superoxide
dismutose ((SOD) and glutathione (GSH).Vanadium protected the female albino rats against the
mammary gland adenocarcinoma, induced by the chemical carcinogen (DMBA).The polycyclic
aromatic hydrocarbon (DMBA) can induce adenocarcinoma in the mammary glands of the
female albino rats.

INTRODUCTION ' decrease in the RBC count, Hb concentration,

Vanadium is a heavy metal which is found MCYV, and MCH values.
at low levels in the air, water, and food. Most Vanadyl sulfate was administered by
people are exposed to vanadium, mainly gavage at a dose of 100 mg/kg.Bwt. The serum
through food. Vanadium reaches the AST, ALT and alkaline phosphatase activities
environment, mainly from its natural sources besides the urea and creatinine levels were not

and from the burning of fuel oils (). significantly changed after 60 days of

DMBA (9,10 — Dimethyl - 12 . teatment(4).
benzanthracene) 1is polycyclic  aromatic Fifty day old female Sprague-Dawley rats,
hydrocarbon (PAH) compound found in were treated with 7, 12 diemthylbenz (a)
tobacco smoke. It is a potent carcinogen (2). anthracene (DMBA 0.5 mg /100gm body
weight) as a single tail-vein injection in an oil

Exposure to high levels of vanadium can

cause harmful health effects (I). emulsion. Vanadium (ammonium

monovanadate) at a concentration of 0.5 ppm

Scibior et al (3) evaluated the effect of was added to the drinking water and given ad
vanadium on certain hematological parameters  libitum to the experimental group immediately
in rats, given sodium metavanadate (SMV) at a  after the carcinogen treatment and continued
concentration of 0.125 mg V/mL for 6 weeks. until the termination of the study (24 weeks).

The exposure to vanadium led to a significant It was found that the vanadium treated animals
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showed a substantial protection against
DMBA-induced mammary carcinogenesis.
There was a significant reduction in the
incidence, total number, multiplicity and size
of palpable mammary tumors with delaying in
the mean latency period of tumor appearance
following vanadium supplement, compared
with the DMBA control (5).

Rats were orally orally four doses of 0.5%
DMBA solution (lml/rat) at weekly intervals.
The rats were sacrificed after 4 weeks of

- DMBA  administration. There was a
significant decrease in the antioxidant
enzymes catalase (CAT) and superoxide

dismutase (SOD) when compared with the
controls. The increased lipid peroxidation was
accompanied by a significant decrease in the
level of the total reduced glutathione (GSH).
The results of the study indicated that the
alteration of the circulatory antioxidant status
was more prominent in the orally infused rats
with DMBA.

Female albino rats were treated with.7,12-
dimethyl benzanthracene (DMBA with 25
gm./kg.Bwt orally/rat). There was an increase
in the mitochondrial lipid peroxidation (in the
mammary gland and liver) accompanied by
high malondialdehyde (MDA) levels along
with lowered activities of the mitochondrial
enzymic antioxidants (superoxide dismutase,
catalase) and reduced glutathione (GSH) after
28 days. Mammary gland carcinoma was
detected after 28 days on ,12-dimethyl benz-
anthracene (DMBA 25 mg./kg.Bwt. orally/rat).

MATERIAL AND METHODS
A-Experimental Animals

One hundred and five female albino rats
weighing 150-200 gm, were obtained from the
Laboratory Animal's Farm, Faculty of Vet. Med.
Zagazig University, and divided into four
experimental groups.

Group (1):15 rats were kept without treatment
as normal control.

Group (2):30 rats were daily orally given
vanadium pentoxide (0.05mg/kg B.wt.) for
150 days.
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Group (3):30 rats were intubated with DMBA
(100mg/kg B.wt. dissolved in corn oil) The
dose was given to each rat on 4 times with
one-week interval to induce cancer.

Group (4): 30 rats were daily given vanadium
pentoxide (0.05mg/kg B. Wt.) as a prophylaxis
for 150 days. After one month from the
beginning of the experiment, the rats were
given 4 weekly doses of DMBA, dissolved in
corn oil .

B-Chemical substances
1) Vanadium pentoxide

It is the pentavalent state of vanadium as
a yellow- red crystalline powder (8). It was
obtained from Hanawa Extra Pure Reagent
China. It was dissolved in distilled water and
given by oral intubation (0.05 mg/ kg B.wt.)
(9) for 30 days as a prophylaxis and continued
for other 120 days until the end of the study
(150 days).

2) 9,10-dimethyl-1,2-benzanthracene (DMBA)

It is a polycyclic aromatic hydrocarbon
containing four aromatic rings. It was obtained
from Sigma CO. (10).

(1) Blood samples

The blood samples were collected from
the retro-orbital venous plexus of rats. Few
blood drops were collected on EDTA sedium,
as anticoagulant, for hematological studies.
Another blood sample was collected for serum
separation and used for biochemical evaluation
of the liver function, kidney function and
tumor marker (CEA).

1-Hematological Techniques (11)

The total leukocytic count {TL.C) was done
using the improved Neubauer hemocytometer
and Turkey's fluid Giemsa stained blood
smears were prepareds and the differential
leukocytic counts were performed, and the
absolute counts were calculated for each type
of leukocyte.

The serum total protein (12) and albumin
(I3) were determined. The serum globulin
was calculated by subtracting the albumin
from total protein. The serum alkaline
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phosphatase (ALP) activity (I4), alanine
aminotransferase (ALT) and the aspartate
aminotransferase (AST) were also determined
(15). The serum bilirubin (total and direct)
was estimated (Z6). The indirect bilirubin was
obtained by subtracting the direct bilirubin
from total bilirubin.

Measurements of the antioxidant enzymatic
activities

The catalase activity (CAT), superoxide
dismutase (SOD) (17), and malondialdehyde
(MDA) (18) were determined.

Statistical analysis

Data analysis was carried with one way
ANOVA model procedures of SAS (19).

RESULTS AND DISCUSSION

The vanadium has been established as an
essential element normally found as ultratrace
element in the human body. It is ingested
mainly with the diet (20).

DMBA is one of the polycyclic aromatic
hydrocarbon derived chiefly from petroleum
and coal tar distillation which is distributed
allover the environment. It has a potent
carcinogenic effect (2).

The present work revealed leukopenia
manifested by neutropenia and lymphopenia in
gp.(3) which was orally given DMBA for 90
days. The leukopenia became more
pronounced with neutropenia, lymphopenia
and eosinopenia after 120 day. The leukopenia
was manifested by neutropenia  and
eosinopenia after 150 day from the beginning
of the experiment. It may be attributed to the
depression of the hematopoietic tissue by the
polyaromatic  hydrocarbon  (PAH). The
histopathological lesions showed leukocytic
aggregations in the kidneys besides lymphoid
depletion from the spleen which were cited
previously (21).

Gp.(4) showed a moderate leukopenia
manifested by neutropenia and lymphopenia
(90 and 120 days PT with V.). After 150 days
the leukopenia was manifested by neutropenia,
lymphopenia and monocytopenia which may
be due to depression of the hematopoietic
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tissue as a resuit of exposure to the PAH.
Microscopically,leukocytic aggregations were
seen in the portal areas. The spleen showed
mild lymphoid depletion of the white pulp.

Gp.(3) showed hypoproteinemia and
hypoaibuminemia which may be due to renal
and hepatic damage. Our results revealed
hepatic hydropic degeneration and leukocytic
infiltration in the portal areas. The kidneys
showed focal interstitial leukocytic
aggregations in the renal cortex. Some
nephrons exhibited coagulative necrosis of
some tubular epithelia.

The alkaline phosphatase (ALP) and
ALT activities were not altered in gp.(2)
suggesting that the vanadium did not impair
the liver function. Our results are in consistent
with the biochemical effects of vanadyl sulfate
on liver functions of normal rats (4).

The ALP was significantly elevated in
gps (3 and 4),but with a lesser extent, in all
periods, which may be due to biliary
obstruction and/or hepatocellular necrosis as a
result of the toxic metabolites of DMBA.
Similar results were described in previous
studies (22, 23).

The elevated AST activity, in the
vanadium treated rats, may be due to mild
toxic effects on several organs like heart,
kidneys, intestine and hepatic tissue (11). The
microscopic  picture supports the above
findings as the liver showed mild reversible
changes, mainly cloudy swelling. The elevated
activities of the ALT and AST in gp.(3),
throughout the experiment, could be due to
hepatic damage. DMBA altered the liver
function as revealed by the increase in tissue
marker enzymes, besides the ALT and AST
{6). Microscopically, the hepatic cells suffered
degenerative  changes, mainly hydropic
degeneration. The ALT activity was
moderately elevated after 150 days from the
start of the experiment.

Gp (3) revealed a significant increase in
the total bilirubin level throughout the
experiment. Meanwhile, the direct and indirect
bilirubin levels were significantly elevated
after 150 days. Such findings suggest
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hemolysis due to poisoning by the DMBA on
the  erythrocytes  besides  intrahepatic
cholestasis. Microscopically, the liver showed
numerous newly formed bile ductules
(cholestasis). The spleen showed golden
yellow pigments (hemosiderosis) in the red
pulp. Such findings get along with the
significant elevation of the bilirubin. Gp.(4)
showed a significant increase of the direct
bilirubin after 90 days. This may be a result of
hemolysis and cholestasis due to the toxic
effect of the DMBA. The Increased AP in this
group gets along with the above mentioned
results.

The creatinine level was increased in
gp.(3), during the experimental period. This
elevation may be due to damaged glomeruli, as
the toxic metabolites of DMPA are mainly
excreted via the kidneys. The creatinine level
was moderately elevated (gp.4) after 120 days
which reflected the role of vanadium in
protecting the kidneys against the toxic effect
of the DMBA. Microscopically, some
glomeruli showed proliferated and hyalinized
mesangial cells and contracted tufts in gp.(4)
which may be responsible for the creatinine
elevation.

Our results showed a highly significant
increase in the carcinoembryonic antigen
(CEA) in group (3) which indicated the
occurrence of carcinogensis because the
neoplastic cells are stimulated to synthesize
oncofetal antigen (CEA). Group (4), which
received concomitant doses of V and DMBA,
illustrated the role of vanadium in the
protection against cancer, as the level of the
CEA was low in this group. These findings
suggest that the supplement of vanadium at a
dose of 0.5 ppm effectively suppressed the
formation of DNA 'comets’ thereby indicating
its nongenotoxicity at this particular dose. The
potential role of vanadium chemopreventic

mechanism in  limiting the neoplastic
transformation is defined in a model of
experimental hepatocarcinogenesis in  rats

(24). The acimar basement membrane was
broken in gp.3 with tendency of the neoplastic
cells to invade the stroma (invasive
adenocarcinoma) These cells showed
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malignancy features. The rats which were
given V ,as a protective agent against DMBA,
(gp4) showed proliferated cells with intact
basement membrane, and edematous stroma
(adenoma). The activities of the antioxidants
(catalase, reduced glutathione and superoxide
dismutase) were significantly increased in the
vanadium treated rats (gp.2). The activities of
the catalase and GSH were elevated after 90
days of V- treatment in gp (4) then decreased
at the end of the experiment. This may be due
to the exhaustion of the antioxidants in the
detoxification and removal of the reactive
intermediates (end product of DMBA) by the
action of cytochrome P450, one of phase 1
enzymes which acts on DMBA to produce the
intermediate BAH which was suggested to
produce the cancer (25).

It could be concluded that vanadium
stimulated phase II enzymes which helped to
inhibit the formation of electrophiles and
catalyze their conversion to inactive
conjugates making them more water soluble
and readily excreted. It is the cellular balance
between phase 1 activating enzymes and phase
1T detoxifying enzymes which may contribute
a the risk of developing cancer. Therefore, an
elevation of catalase, GSH and SOD indicates
an increase in the systemic ability to detoxify
the electrophilic  compounds including
carcinogens.
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Table 1. Changes in leukogram (mean values= SE) 90, 120 and 150 day from the beginning of the experiment in all gps.
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Parameters| TLC Absolute differential count (cell /ul) Absolute differential count (cell /ul) Absolute differential count (cell /ul)
(10%/ub) (90 days) (120 days) (150 days)
Groups Neut. | Seg.neut. | Lymph. |Esoino. | Mono. | Neut. Seg.neut Lymph. { Eosino. | Mono. | Neut. |Seg.neut{ Lymph. | Eosino.| Mono.
(1) a a a a a 2 i a a a A A a a a a
Control 6.54 {36363 | 248.52 | 2118.9 (248.52)287.76|3636.3|248.52|2118.9[248.52 |287.76|3636.31248.5212118.9|248.52] 287.76
+0.21 | +14.03 +1.76 | £10.82 | £3.21 | #2.95 |£14.03| £1.76 [x10.82] £3.21 | £2.95 |#14.03]| x1.76 |+10.82] £3.21 | *+2.95
(2) a i 4 a a a 2 ab a a a a a ab ab
V2035 6.28 34665 | 238.64 |2147.761175.84{251.3613319.68/212.16 2196.48224.64 {287.04] 3476 | 252.8 12199.36| 176.96( 214.88
+0.18 | %12.06 +2.57 +9.90 | £2.86 | £x3.21 |+16.96| £1.97 |x12.17| 2,01 | 22.87 [+2433 x2.63 jx11.64| 229§ =+1.78
(3) ic a 3 a c b C d ab
DMBA 4,10 1877.8 196.8 1681 131.2 | 213.2 |1556.6| 94.12 |1600.04] 130.321238.92] 1792 | 134.4 2213.121116.48 224
+0.26 | #1166 +5.68 1313 1 £2,72 { 5451V 922 | +1.03 | +727 | 2054 | x184 { x6.71 | =220 | 4,13 | =217 | £2.29
(4) b b a b a a b b b a a b b a b
V205+ DMBA | 5.16 |2848.33, 196.08 {1744.08[185.76]185.75]|2427.6(152.32 |1685.04/257.04 238 |2872.8(1202.16(1840.72|244.72| 159.6
+(0.18 | =12.45 +1.46 +7.59 [ £332 | £2.59 | =9.89 | £2.25 |£10.96| £2.79 | £3.46 [|x£12.91) £2.51 | 2525 | 2626 | £3.91
F-test Hk *K N.S * N.S N.S * % ok * * N.S ** * * * *

Means within the same column with different superscripts, are significantly different (at p < 0.05).

N.S: non- significant.

*: significant.

**: highly significant.
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Table 2. Changes in the liver function tests (mean values+ SE) 90 day from the beginning of
the experiment in all gps.

Parameters) Total umi : Bilirubin (mg/dl)
protein ‘?;?n/r:;)n ((3;3311; ALP ALT | AST
Groups (gm/dl) (KAU/D) | (Ufml) | (U/ml) | Total | Direct |Indirect
(O a a a c b b b b bc
Control 7.14 4.45 2.65 11.11 19.85 | 28.67 [ 049 | 026 | 022
(.19 +0.25 +0.10 +0.40 | £0.81 | +1.26 |+0.03] +£0.03 | +0.06
(2) a ab kY C b b b ’b ab
V205 6.95 4,12 2.83 10.64 | 23.90 | 3035 | 047 { 020 | 027
+0.37 +0.13 +0.27 +0.68 | £1.12 | #1.47 {£0.03| =0.02 | £0.04
3 b b a a a a a b a
DMBA 5.93 374 2.19 1740 | 29.75 | 41.85 | 0.62 | 0.26 | 036
+0.12 +0.10 +0.07 +3.62 | £3.36 | £2.60 | +0.02] £0.01 | +0.03
G a a a b b F: b a c
V205+ DMBA 6.79 4.30 2.29 13.02 | 18.76 | 24.64 | 047 | 034 | 0.12
+0.31 +0.15 +0.27 +0.57 | 040 | £1.16 |+0.01| £0.01 | +0.01
F-test * * N.S Kok * %ok * * *

Means within the same column with different superscripts, are

0.05).

N.S: non- significant.

*: significant.

significantly different (at P<

**: highly significant.

Table 3. Changes in liver function tests (mean values+ SE) 120 day from the beginning of
the experiment in all gps.

arameters, Total protein| Albumin|Globulin| ALP | ALT | AST Bilirubin (mg/dl)
Groups (gr/dl) | (gnvdl) | (gnvdly {(KAU/D] (U/ml) | (Urml) | Total | Direct [Indirect
(1) a a a C b C A a
Control 7.14 4.45 2.69 11.11 | 19.85 | 28.67 | 049 | 026 | 0.22
+0.19 025 | 2010 | 2040 | £0.81 | £1.26 | £0.03 | 0.03 | +0.06
(2) ab ab a C b b a 2]
V205 6.37 3.86 2.51 11.81 2363 § 33.72 | 045 0.23 0.21
+0.26 +=0.23 | +0.26 +).79 1 £2.23 | £1.46 | +0.01 | +£0.01 | £0.02
(3) c b a a a a 2 el 5
DMBA 502 3.10 192 18.36 | 41.55 | 4036 | 0.64 | 031 | 0.33
+0.27 +030 | £0.32 | 2094 | x0.61 | £0.90 | =0.07 | £0.03 | £0.08
(4) b ab a b b c a a
V205+ DMBA 5.98 3.70 2.27 14.18 § 2394 | 2666 1 049 | 031 ] 0.18
+0.38 +020 | 2052 | #0553 | x1.36] £1.04 | £0.03 | £0.02 | £0.04
F-test * * N.S ** ok ek * N.S N.S

Means within the same column with different superscripts, are significantly different (at P <

0.05).
N.S: non- signific

ant.

*. significant.

**: highly significant.
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Table 4. Changes in liver function tests (mean values+ SE) 150 day from the beginning of
the experiment in all gps.

ameters) Total protein [ Albumin | Globulin ALP ALT | AST Bilirubin (mg/dl)
Groups {gm/dl) _(gm/dl) (gm/dly [ (KAU/D) | (U/ml) | (U/ml}) | total | Direct | Indirect
(1) a a A b c b b bc b
Control 7.14 4.45 2.69 11.11 19.85 { 28.67 | 0.4% | 0.26 0.22
+0.19 +0.25 +0.10 +040 | 20.81 | +1.26 [+0.03 [ +0.03 | +0.06
(2) a a a b bc b b c ab
V203 6.80 4.26 2.54 11.96 2093 | 27.15 | 047 | Q.20 0.27
+0.19 +0.25 +0.26 069 | +1.16 | £1.03 1002} +0.01 | +0.02
(3) b b a a a a a a a
DMEA 5.38 2.77 2.61 21.50 34,16 | 3820 [ 077 | 0.37 (.40
+042 +(.32 +0.46 +0.81 +1.64 | £2.31 1003} 0,02 +(.04
(4) ab a & a b b b ab b
V2035+ DMBA 6.25 4.10 2.15 19.91 2398 | 2693 | 055 | 0.33 0.22
+0.52 10.21 *0.36 +1.57 | #4140 | #1.09 {002} #0.01 | #002
I_ F-test * * N.S *ok * *k ok *% *
Means within the same column with different superscripts, are significantly different (at P < 0.05).
N.S: non- significant. *. significant. **: highly significant.

Table 5. Changes in some renal function tests (mean values+ SE) 90, 120 and 150 day from

the beginning of the experiment in all gps.
Time 90 days 120 days 150 days
Parameters Urea Creatinine Urea Creatinine Urea Creatinine
Groups _(mg/dl) (mg/dl) {mg/dl) (mg/dl) {mg/dl} (mg/dl)
)] b b b c b C
Control 39.70 0.71 39.70 0.71 39.70 0.71
+1.63 +0.04 +1.63 +0.04 +1.63 +0.04
(2} a b a c b ¢
V205 47.20 0.67 43.83 0.67 4580 0.77
+1.72 +0.07 +].81 +0.04 +3.62 +0.03
(3) a a a a a a
DMBA 49.19 142 48.22 1.51 5475 1.70
+2.45 +0.14 +2.46 +0.09 +2.21 +0.07
(4) a b a b b b
V205+ DMBA 47.67 093 47.40 0.95 44.21 6.95
+2.23 +0.02 *1.20 +0.02 +1.46 +0.06
F-teSt * kK % L * % ¥

Means within the same column with different superscripts, are significantly different {at P < 0.05).
**: highly significant.
Table 6. Changes in carcinoembryonic antigen (CEA ng/ml) (mean values+ SE) 90, 120 and

150 day from the beginning of the experiment in all gps.

*. significant.

Time 90 days 120 days 150 days
Parameters CEA (ng/ml) CEA (ng/ml) CEA (ng/ml)
Groups
(1) b C C
Control 0.2 + 0.0003 0.2 + 0.0003 0.2 + 0.0003
(2) b c c
V205 0.2 +£0.0003 0.2 £ 0.0003 0.2 + 0.0003
3 a a a
DMBA 0.42 £ (.01 0.59+£0.01 ' 0.79 + 0.04
(4) V205+DMBA b b b
0.2 +0.0003 0.34 + 001 0.43 £ 0.0003
F'(CS[ k¥ *% k&

Means within the same column with different superscripts, are significantly different {at P < 0.05).

*#*: highly significant.
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Table 7. Changes in the antioxidant activities (mean valuesz SE) 90, 120 and 150 day from the beginning of the experiment in all gps.

Parameters Changes in the antioxidant activities (Mean + SE)

(90 days) (120 days) (150 days)
CAT | SOD | GSH | MDA CAT SOD GSH MDA CAT SOD GSH MDA
Groups (LM/L) |(ug/gm) |(uM/gm)| (uM/L) | (UM/L) | (pg/gm) | (pM/gm) | (uM/L) | (uM/L) | (pg/pm) | (uM/gm) | (uM/L)
(1) b c a a b a b b b b
Control 174.62 | 0.14 59 2.34 174.62 0.14 59 2.34 174.62 0.14 59.00 2.34
+10.84 | £0.04 | 784 | £0.15 | +1084 | 2004 | 2784 | +0.15 | +10.84 | +004 | +7.84 | +0.15
(2) bc ab ab a a a a a a a a bc
V2035 206.52 | 0.17 98 1.90 236.63 0.18 131.50 2.03 259.15 0.32 125.25 1.9
*11.40 | £0.02 | +4.60 | #020 | 12777 | 001 | #1627 | +0.13 | £39.15 | £+ 002 | +342 | z0.11
3) 2 b a a C a b a C b b a
DMBA 24360 ) 0.15 | 111.50 | 2.28 128.08 0.09 79.75 2.81 109.42 0.06 49 3.07
+0.45 | £0.02 | #8.38 | 2019 | 1809 0,01 | %1539 | 022 | #1222 | 0009 | +424 | +0.20
4) ab a C a 4 21 ab A a i) A b
V205+ DMBA| 19585 | 0.25 | 76.25 2.52 217.80 0.14 9425 2.68 261.03 0.27 118.5 2.03
+£7.37 | £0.02 | £6.96 | 030 | 12596 | 006 | #9.49 | +038 | +697 | 2003 | 259 | 20.13
E-test * * * N.S % N.S & N.S *ok *ok ¥ * %

Means within the same column with different superscripts, are significantly different (at P <0.05).
N.S: non- significant.
*: significant.
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Fig.(1} Gp. (2). Liver showing portal lymphocytic aggregation and cloudy swelling of the hepatic cells (H & E.,
X1200).

Fig.i2) Gp. (2). Kidney showing cellular and hyaline casts inside the lumina of some renal wbules in the renal cortex
(H & E., X1200),

Fig.(3) Gp. (2). Spleen showing lymphoid depletion of the white pulp and edema (H & E., X 300).

Fig.(4) Gp. (3). Liver showing degenerative changes and apoptosis of the hepatic cells with hyperplastic kupffer's
cells (H& E., X 1200).

Fig.{3) Gp. (3). Kidney showing coagulative necrosis of some renal tubules (H & E., X1200).

Fig (6) Gp. {3). Mammary gland showing invasive adenocarcinoma (H & E., X1200).
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Fig (7) Gp. (3). Mammary gland showing duct carcinoma (H & E. . X300).

Fig.(8) Gp.(3). A high power of Fig. (7) to show the duct lumen occupied by several rows of large vesicular
hyperchromatic nuclei with mitotic activities (H & E., X1200).

Fig.(9) Gp.(4). Kidney showing nephrosis and proliferated mesangium with contracted glomerular tufis (H & E..
X1200).

Fig.( 100Gp.(4). Mammary gland showing proliferated acinar epithelium with intact basement membrane (adenoma)
(H & E., X300).

Fig.(11)Gp.(4). A high power for Fig. (10) to show acini lined by more than one row of cuboidal epithelium within
edematous stroma (H & E., X1200).
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