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ABSTRACT: Background: Metenix (metolazone) is a new antihypertensive, it is effective in the treatment of
patients with high blood pressure, heart failure and edema. The aim of the study is to evaluate the cytogenetic
and biochemical effects of metenix. Materials and methods: Study sample (Male adult albino mice) was
divided into two major groups;treated group and matched control. Treated group adminstred orally doses of
(0.01, 0.02) and 0.04mg (kg) of metenix for 10 consecutive days.Control did not receive any treatment. All
treated groups and control were sacrificed 24h after the last treatment the incidences of sperm head
abnormalities and chromosomal aberrations in (bone marrow and spermatocytes, were determined in all treated
groups. Results showed that (metenix) caused a significant increase in the frequencies of abnormal sperms and
chromosomal aberrations in (somatic and germ cells, in all treated groups compared with control and these
increases were dose dependent. The biochemical analysis (nucleic acids and total protein) were examined in the
livers of treated animals. The results stowed that there was significant decrease in the nucleic acids and total
protein content in the livers of treated animals compared with control; these decreases were dose dependent. The
data obtained in this study suggested that (metenix) should be used under medical control due to its cytogenetic
and biochemical toxic effects on male albino mice. [New York Science Journal 2010; 3(6):127-132]. (ISSN
1554 — 0200).
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1-Introduction The safety use of metolazone (metenix) has not
Hypertension is a common disorder of the been adequately studied. So, in the present study

circulatory system, affecting around one in seven we examined the cytogenetics and biochemical

adult and becoming more common with age. effects of (metenix) metolazone on male mice if
Blood pressure is the amount of force exerted given orally for 10 consecutive days.

on the artery walls by the pumping blood. High

blood pressure means that the blood is pumping 2-Materials and Methods

with more force than normal through the arteries, 2.1. Materials:

this added stress on the arteries caused many 2.1.1. Test drug:

illnesses, such as heart attack Spiendiani and A Metolazone (metenix) tablet (provided

Condo,(2006) and stroke ,in addition, over time, by Aventis pharmaceutical company) is considered

may cause damage to many organs in the body as athiazide-like diuretic which is used for the

such as, kidneys ( Zuccala et al., 2005), brain treatment of acute and chronic hypertension.

(Dong et al., 2009), eyes, Ling and Sun, (2008) Metenix tablets for oral administration contain Smg

and liver (Dursun, et al., 2010) . metolazone, the  molecular  formula is
Hypertension can be classified as essential (Ci6H¢CIN305S), the molecular weight is

(primary) and secondary, about 90 to 95% of 365.83454 (g/mol). It is very soluble in water.

hypertension cases called primary which have no The recommended initial dose in mild and

known cause and may be influenced by genetic moderate hypertension is 5 mg/daily

factor. On the other hand, secondary hypertension

is hypertension that is caused by an underlying 2.1.2. Treatments:

medical condition such as kidney disease, thyroid Different concentrations were prepared by

dysfunction and adrenal gland disorder. dissolving the tablets in distilled water. Metenix
Secondary hypertension is much less common were administered orally at doses of (0.01, 0.02 and

than essential hypertension and tends to develop 0.04) mg/kg/day once daily for 10 consecutive days

more rapidly than primary hypertension. The most for albino mice (30 gm), according to pagat and

common way for treating hypertension is Barnes. (1964).

administering antihypertensive drugs such as

diuretics. (Puschett, 2000; Supuran, 2008). 2.1.3. Animals:

Metolazone (metenix) is known as athiazide Adult males Swiss albino mice each

diuretic drug ( Sica, 2003) that act by increasing weighting (30 g) served as experimental animal.

the removal of salts (potassium and sodium), from The mice were housed in plastic cages at an

the blood, these salts draw water out of the blood environmentally  controlled room (constant

causing decrease in fluid volume circulating temperature 25-27°C, with 12h light/dark cycle) for

through the blood vessels resulting in a drop of the one week prior to starting the experiment, and they

fluid pressure which helps to lowering high blood were provided with water ad libitum. Mice were

pressure. (Supuran, 2008; Pridjian, et al., 2006). divided into two major groups; (control) and
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treated groups. The treated groups were redivided
into three groups as following. Animals of the first
group were administered orally with a single dose
(0.01 mg/kg/day) of (metenix) once daily.

Animals of the second group
administered orally with a single dose
mg/kg/day) of (metenix) once daily.

Animals of the third group
administered orally with a single dose
mg/kg/day) of (metenix) once daily.

Control group administered distilled water
orally. After administering the drug orally for (10)
consecutive days, they were scarified after one day
from the last treatment .Perform cytogenetic
analysis  (sperm head abnormalities, and
chromosomal aberrations in bone morrow cells and
spermatocyte) and biochemical analysis include
(DNA, RNA and total protein) in the animals liver.

were
(0.02

were
(0.04

2.2.Methods
2.2.1. Cytogenetic analysis:
2.2.1.1. Sperm head abnormality:

The treated males were sacrificed by
decapitation. The Cauda epididymis was removed
and placed in physiological saline (0.9)% sodium
chloride solution and then minced into pieces with
scissors and left undisturbed for 20 minute for the
diffusion of spermatozoa. The spermatozoa were
spread on microscopic slides, air-dried fixed in
absolute methanol for 15 minute and stained with
1% aqueous eosin-y on the following day. Five
hundreds sperms from each animal were examined
for the abnormalities in sperm head shapes
following the method recommended by Wyrobeck
and Bruce. (1975).

2.2.1.2. Spermatocytes Assay:

Spermatocytes were obtained through cell
separation according to Brewen and Preston,
(1978). In summary, both mice testis were de
capsulated, after dissociation tubules were filtered
through a nylon mesh with phosphate buffer then
the cells were centrifuged at 1000r.p.m. for 5 min
and supernatants were decanted. The pellet was re-
suspended and washed twice with 1ml of sodium
citrate solution (2.2%), added drop by drop to the
suspension, followed by centrifugation for Smin at
1000r.p.m Subsequently, cells were left in 1ml
hypotonic solution (1.1% sodium citrate) for 12
min. Cells were then fixed twice in 1ml of 3:1
methanol and glacial acetic acid. Fixed cells were
dropped on slides pre-warmed at 45°C. Slides were
+per animal, for each treatment group, were scored
to identify the different aberrations.
2.2.1.3. Bone marrow assay:

Chromosome preparations made by the
method of (Agarwal el a., 1994) mice were
injected with colchicine (2.5 mg/kg/b.w.p) 3 hours
prior animals were scarified by cervical dislocation.
The bone marrow cells were aspirated in
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phosphate buffer (pH 7.2) and centrifuged at
1000r.p.m for 2 min. The pellets obtained were
mixed in aqueous solution of KCL (0.56%) and left
for 30 min at 37°C, then cells were-re-centrifuged,
fixed in (3:1) methyl glacial acetic acid finally,
slides were air-dried and stained with 10% Giemsa
stain for 20 minutes, 50 metaphase spreads were
examined for each animal, scoring the different
types of chromosomal abnormalities.

2.2.2. Biochemical analysis:

After one day from the last treatment,
mice were sacrificed and the liver of each animal,
fresh or frozen were taken, blotted using filter
paper, weighted and homogenized in 0.9% sodium
chloride solution for 5 minutes at 0°C for the
determination of nucleic acids and proteins.
Nucleic acids were extracted from liver
homogenates by using trichloroacetic acid (TCA)
and ethanol according to the methods of
Schneider, (1945) and Sambrook et al., (1989),
respectively. Deoxy-ribonucleic acid, ribonucleic
acid and total proteins were determined according
to the methods of Burton, (1956), Khafagy et al.,
(1980) and Lowry et al., (1951), respectively.

2.2.3. Statistical analysis:

The data of sperm head abnormalities,
chromosomal aberrations in sperm cells and bone
morrow cells were subjected to analysis of variance
(ANOVA) according to Snedecor and Cochran,
(1990). Least significant differences were used to
compare between means according to Waller and
Duncan. (1969) at probability 5%.

The data of biochemical analysis (DNA, RNA
and total protein) was carried out using the
student's test according to the method described by
Murray, (1982).

3. Results

Means + S.D. values and the results of sperm
head abnormality are given in Table (1) and Fig.
(1). Various forms of sperm heads i.e. banana
shaped, dwarf. Amorphous, hooked, .etc was
recognized in all treated groups of metenix.
Analysis of these abnormal sperm showed that
amorphous head, dwarf, No hook, were more
frequent than banana shaped, two tails and Hook at
wrong angle.

Our results showed that the treatment of male
mice with doses 0.01, 0.02 and 0.04 mg/kg/day of
metenix for 10 consecutive days resulted a
significant increase in sperm head abnormalities
(abnormal sperms) compared with control group
and this increase was dose dependent.

The total number of abnormal sperms in the
(0.04, 0.02 and 0.01 mg/kg/day) metenix groups,
were (149, 123 and 92) respectively compared with
control (65, 67).
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Table (1): The effect of oral administration of metenix on sperm head abnormalities in male mice.

Treatments
Abn(;l;:lnal Amorphous Banana Hook at
sperms P shaped Dwarf No hook wrong Two tails
head
head angle
Control 65.67d & 43.00¢c * 400b * 11.00b 533c¢ Xt | 200bx | 0.00b % 0.00
3.06 1.00 1.00 + 1.00 0.58 1.00
Low 0.01 9233 ¢ 5233b & 9.00a & 21.00¢ 1033b | 533b £ | 1.00b * 1.00
mg/kg 1252 4.04 1.00 + 1.00 1153 1.53
Medium 0.02 || 123.00b £ 69.67a1.53 9.67a & 2767b | 1033 = | 4.00b = | 1.67ab* 1.53
mg/kg 1.73 1.15 + 115 1.53 1.00
High 0.04 || 149.00a + 74.00 2 2.00 10.00 a 33.00 a 14.67 a 13.33 a 4.00at 1.73
mg/kg 1.00 +2.00 + 2.00 +1.15 + 2.89
LSD at «0.05 3.86 4.58 2.55 3.03 2.37 3.35 2.37
level
Means of different letters (a, b, c and d ) in the same column are significantly different.
The column without letters is not significant.
50 metaphase were examined from each animals.
aberration represented by (hypo, hyper and

Means = L.S.D values and results of the effect of
metenix on Spermatocytes (germ cells) of male
mice are illustrated in Table (2). An increase in
chromosomal aberrations was observed in germ
cell (spermatocyte) in all treated groups of metenix
(0.01, 0.02 and 0.04 mg/kg/day) and these
increases were dose-dependent. The total structural
aberration was represented by (x-y univalent,
Autosomal and fragments) and the total numerical

polyploidy). The total aberrations at the level of
0.01 mg/kg/day increased significantly (8.33, 3.00)
compared with the control (4.00, 1.67) while a
highly significant increase in the chromosomal
aberrations were observed in treated animals with
the higher doses of metenix (0.02 and 0.04
mg/kg/day) (11.33, 5.00) and (14.00, 6.67)
respectively compared with control (4.00, 1.67).

Table (2): The effect of oral administration of metenix on spermatocytes of male mice.

Structural aberration Numerical aberration
Treatments-
A3 ] Autosomal | Fragments TSA Hypo<20 | Hyper>20 | Polyploid TNA
Univalent Y] Yl \ y
Control 1.00d 3.00 d+ 0.00ct 4.00 1.00c 0.67azt 0.00b 1.67d
+0.00 0.00 0.00 dz+ 0.00 0.58 0.00 +0.58
0.00
Low 0.01 200ct 4.67 ct 1.67b 8.33c | 1.67ct 1.00 a 0.33b 3.00ct
mg/kg 0.00 0.58 +0.58 +0.58 0.58 +0.00 0.58 0.00
Medium 0.02 3.33 bt 5.67 bt 233 ab 11.33 2.67b 1.67 a 0.67b+ 5.00b
mg/kg 0.58 0.58 0.58 bt 0.58 +0.58 0.58 +1.00
0.58
High 0.04 4.33 at 6.67 at 3.00azt 14.00 3:67at 1.00at 200azt 6.67axt
mg/kg 0.58 0.58 0.00 at 0.58 1.00 0.00 0.58
1.00
LSD at 0.769 0.941 0.769 1.216 0.941 1.216 0.769 1.216
a 0.05 level

Means of different letters (a, b, ¢ and d ) in the same column are significantly different.

The column without letters is not significant.
50 metaphase were examined from each animals.
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Means = L.S.D. values and results of the
effect of metenix on bone marrow (somatic cells) in
male mice are given in Table (3). The cytogenetic
effect of metenix on bone marrow cells was
studied. The results showed that the orally
administration of metenix for 10 days at the level
of (0.01) mg/kg/day showed a significant increase
in the chromosome aberrations (25.67 and 12)
compared with control (7.67 and 4.67). While a

highly significant increase in the chromosomal
aberrations (34.67, 18.33) and (45, 22.67)
respectively were observed in treated animals with
higher doses of metenix (0.02 and 0.04 mg/kg/day)
compared with control (7.67, 4.67) .The structural
type of aberration was represented by gaps, breaks,
deletions, endometosis and centric attenuation and
the numerical aberration represented by (periploidy

and polyploidy).

Table (3): The effect of oral administration of metenix on Bone marrow cells of male mice

Structural Aberration Numerical aberration
Treatmen
Chromoti . . Centric q
ts Al Chromosom | Chromeoti | Deletio Endqmetos attenuati | TSA | <40 >40 Polyploi TNA
al gaps d break n is on dy
Control 3.00 ¢ 0.00d+ | 167d 1.67c+ 100dx | 707 | 2001267 | gy | 467
0.33¢c+0.58 d+ d+ d+ dz+
+1.00 0.00 +0.58 0.58 1.00 050 | 0.00 058 0.00 0.58
25.6
L"V/‘]’( 001 | 567b+ 674058 5.00 400C | 467b= 467c+ | 7Tc 56'13 6(;10 0.67b+ (1)20'9
mg/kg 0.58 ’ ’ c+1.00 +0.00 1.15 0.58 + 0.58 P
153 0.58 0.00 0.00
Medi 36 | 667 | 9.00 18.3
edium 7.67 a =+ 6.67b+ | 5.00b 5.67 b 6.67b+ | 7b X : 267at :
0.02 0.58 | 300a=000 1 Tose +0.00 0.58 0.58 + é’sig 1b§0 0.58 ‘:’ g;
mg/ke Lis | 2 : :

: 450 | ¢ 7 22.6
High 0.04 | g67a+ | o 0 sg | 867a% | 667a | 867ax 867a+ | 0a | ©)0 | 10.67a | 333ax | 7a
mg/kg 0.58 : : 0.58 +0.58 0.58 0.58 £ | gsg | 058 | 088 | 205

1.00 ) 8
LSD at 1.63
a
« 0.05 1.331 0.941 1.216 0.769 1.438 1.331 2'510 0‘1"4 1216 | 0.941 1
level
Means of different letters (a, b, c and d ) in the same column are significantly different.
The column without letters is not significant. o
50 metaphase were examined from each animals. |BControl MLow EMedium SHigh
The data presented in table (4) showed the 160
biochemical results. Orally administration of metenix
for 10 days at the dose level of 0.01 mg/kg/day 1w
showed a slightly significant decrease in the liver
DNA content (2.86 = 0.11 mg/whole liver), while a i~
highly significant decrease was observed in DNA .
content of the liver of animals to which the high 2100
doses (0.02 and 0.04 mg/kg/day) was administered. g
(2.01+ 035 and 1.9+ 0.27mg/ whole liver), ‘g‘
respectively compared with control (3.39+0.24). g :
: =
Table (4): Effect of Metenix - 5 at different dose levels g §§
on DNA, RNA and total protein content (mg / whole " E§
liver) of mice. E§
\
\
DNA RNA Protein §
Groups \
mg/whole liver & N N
Abnormal ~ Amorphous  Banenashaped  Dwarf Nohook - Hookatwrong  Two tails
Control 3.39+0.24 | 6.89+0.23 1014.21 £15.53 sperms head head 1 angle
reatments
Low 0.01 2.86+0.11 | 5.12+0.46 831.42 +28.05
mg/kg
g [ 20103 #7020 S0l Fig. (1). Incidence of sperm head abnormality in
male mice treated with metenix.
high 0.04 1.99+0.27 | 3.63 +£0.18 793.34 £62.14
mg/kg
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Also, the results as recorded in the same table
(4) show that the liver RNA content of animals given
metenix at all tested doses (0.01, 0.02, 0.04
mg/kg/day) caused a significant decrease in liver
RNA content (5.12+ 0.46, 4.37+ 0.26 and 3.63+ 0.18
mg/ whole liver) as compared with control
(6.89+0.23 mg/ whole liver).

The total protein content of the liver of mice
decreased significantly at the three different dose
levels ( 831.42+ 28.05, 800.30+ 45.61 and
793.34462.14 mg/ whole liver) compared with
control (1014.21+15.53 mg/ whole liver) and this
decrease was dose dependent.

4-Discussion

Metenix 5 (metolazone) is a newly diuretic
antihypertensive drug used for the treatment of hyper
tension, and edema. The cytogenetic and biochemical
effects of metenix have not been adequately studied.
This study was performed to evaluate the cytogenetic
effects  (sperm  abnormalities,  chromosomal
aberrations in spermatocyte and bone marrow) and
biochemical effects (DNA, RNA and total protein) in
male albino mice treated with different dose levels of
metenix.

In the present study we found that the
frequencies of chromosomal aberrations
(spermatocyte and bone marrow cells) and the
percentage of abnormal sperms were increased
significantly as the dose level increased compared
with the control group.

Similar cytogenetic results were obtained by
(Pridjian et al.,, (2006); Andrianopoulos et al.,
2006) who observed that when female rats were
administered orally with a high dose of metenix
(metolazone) caused an increase in the cytotoxic
effects in female rats chromosomes.

Also, another finding obtained by Nakajima et
al. (1978) and (1985) observed that in a study in
which rat males were treated orally with metolazone
at doses of 2, 10 and 50 mg/kg for 127 days prior to
mating with untreated females, an increased number
of sperm abnormalities and an increased of resorption
sites was observed in dams mated with males from
the 50 mg/kg group.

Also, Hashim, (1985) and Chahoud et al.
(1985) observed that when male mice treated with 10
and 50 mg/kg of metenix and mated with untreated
females the birth weight of offspring was decreased
and the pregnancy rate was reduced in dams mated
with males from the 10 and 50 mg/kg groups.

While, negative results were obtained by
Matsuo et al. (1983). Mice and rats administered
with metolazone 5 days respectively at daily doses of
2, 10 and 50 mg/kg. exhibited no evidence of a
tumor-genic effect of the drug .

Also, negative results obtained by Puschett,
(1988) who observed that metolazone was not
mutagenic in vitro in the Ames test using salmonella
tryhimurium strains TA-97, TA -98, TA-100, TA-
120 and TA-1535.
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Also, negative results obtained by Cangiano et
al, (1974) who found that the long term animal
studies with metolazone have not shown any
evidence of carcinogenicity. Mice and rats given
metolazone for 2 months at doses of 2, 10 and 50
mg/kg by stomach tube, showed no evidence that
metolazone caused an increased in the number of
tumors.

In our study we found that the frequencies of
DNA, R.NA and total protein in the livers were
decreased significantly in all treated groups of
metolazone and these decreased were dose
dependant, these finding were in agreement with
Chang et al. (1996) who observed that the
administration of single high doses (100 to 200
mg/kg) of metolazone intra-peritoneal to rats caused
a decrease in liver DNA, RNA and total protein .

Also, positive results were obtained by Hassan,
(1985) who found that the daily doses of metenix up
to 50 mg/kg given orally for one month caused a
slight decrease in the DNA and total protein content
in the liver.While, negative results were obtained by
Glovanni, and Antonietta. (2006) who observed
that metolazone had no genotoxic or carcinotoxic
effects on animal culture (in vitro) nor human
lymphocytes (in vivo) and also metolazone did not
cause DNA or RNA damage in the animal cells.

In the present study, male albino mice were
treated with different dose levels of metenix for (10)
consecutive days and the animals were subjected to
cytogenetic and biochemical genetic analysis. It was
found that metenix had mutagenic and cytotoxic
effects on male albino mice and there were an
increased frequencies of sperm head abnormalities
and chromosomal aberrations in germ and somatic
cells. Also, we found that the frequencies of DNA,
RNA and total protein were decreased significantly
in all treated groups of metenix suggesting a
molecular changes as deletion and break in one or
move loci which affect gene expression and
interruption the nucleotide chain of DNA and protein
(Batkai and Thumt, 2009; Han et al., 2009).

In Conclusion, Metenix (metolazone) which is a
newly antihypertensive drug used for the treatment of
high blood pressure stroke, heart failure and edema
should be used only after careful consideration of the
risk/benefit.
5-References
Agarwal, K., Mukherjee, A. and Chakrabarti, J.

(1994). In vivo cytogenetic studies on mice

exposed to natural food colourings. Food Chem.

Toxicol. 32. (9): 937.

Andrianopoulos, C., Stephanou, G. and
Demopoulos, N. A. (2006): Genotoxicity of
hydrochlorothiazide  in  cultured  human
lymphocytes.1. Evaluation of chromosome delay
and chromosome breakage. Environ Mol
Mutagen. 47 (3): 169-780

Brewen, J.G. and Preston, R.J. (1978). Analysis of
chromosome aberrations in mammalian germ
cells, in A. Hollaender and F. J. de. Serres (Eds),

newyorksci@gmail.com



New York Science Journal

2010; 3(6)

chemical mutagens, Vol. s, plenum, New York
pp: 127-150.

Batkai, S. Thum, T. (2009). Micro RNAs in
hypertetion: mechanisms and therapeutic targets.
Curr hypertens Rep, 14 (1): 79-87.

Burton, K. (1956). The conditions and mechanism of
the diphenylamine reaction for the colorimetric
estimation of deoxyribonucleic acid. Bioch. J.
62: 315-323.

Cangiano, J. L., Campos, J. A., Trevino, A. et al.
(1974). The effect of metolazone in the long
treatment of essential hypertension in rats. Curr
Ther Res. 16:778-785.

Chahoud, 1., Platzek, T. and Nveubert, D. (1985).
The maternal and embryo toxicity of metolazone
in mice. Teratology. 32:19A.

Chang H., Tashiro, K., Hirai, M. et al. (1996).
Identification of a ¢cDNA encoding a thiazide-
sensitive sodium- chloride cotransporter from the
human and its mRNA expression in various
tissues .Biochem Biophys Res commu. 223:
324-328.

Dong, Y. F. Kataoka, K., Toyama, K. et al. (2009).
Attenuation of brain damage and cognitive
impairment by direct rennin inhibition in mice
with chronic cerebral hypoperfusion
Hypertension. 58(4): 635-420

Dursun, H., Albayrak, F., Uyanik, A., Keles, N.O.,
Beyzagiil, P., Bayram, E., Halici, Z.,
Altunkaynak, Z.B., Siilleyman, H., Okcu, N.
and Unal, B. (2010). Effects of hypertension
and ovariectomy on rat hepatocytes. Are
amlodipine and lacidipine protective? (A
stereological and histological study). Turk J
Gastroenterol. 21(4):387-95.

Glovanni, B. and Antonietta, L. (2006).
Genotoxicity and carcinogenicity studies of anti
hypertensive agent. Imitation Res. 612 (2 ): 115-
149.

Han, J., Zou, Z., Zhuc. Et al. (2009). DNA
synthesis of rat bone marrow mesenchymal stem
cells through alpha- adrenergic receptors. Arch
Biochem Biophys, 490 (2): 96-102.

Hashim, M.M. (1985). The teratogenic effect of the
anti hypertensive drug on mouse embryos. Vet.
Med. J. 33 (4) 29-47.

Hassan A.B., Atta, A.H and Hashim, M.M. (1985).
Effect of certain diuretics in serum of dogs. Vet.
Med. J. 33 (2): 131-138.

Khafagy, E. Z., El-Laithy, A. F., Makkawi, H. K.
et al.(1980). Biochemical changes in protein and
nucleic acids under the influence of diazepam
and chloridiazepoxide. Arab. J. Lab. Med. 6:
115-129.

Ling, Z. H. and Sun, X. H. (2008). Pathological
changes of retinal glia cells in a rat chronic
ocular hypertention model. Zhonghua Yan
Kezazhi, 44(5): 391-7.

Lowry, O.H., Rosenbrough, A. L., Farr, A. L. and
Randall, R..J. (1951). Protein measurement

http://www.sciencepub.net/newyork

132

with the folin phenol reagent. J. Biol. Chem.

193:265-275.

Matsuo, A., Kasl, A. and Tsumenari, Y. (1983).
Reproductive studies of metolazone
hydrochloride administration. Fertility,

teratogenicity and perinatal and postnatal testing
in rats and testing in rabbits. Hachuring kenkyu
14:527-549.

Murray, R. (1982). Scham's outline series of theory
and problems of probability and statistics-
McGraw- Hill Boolx company, Singapore.

Nakajima, T. et al. (1985). Studies of thiazide
administered in organogenesis period in rats.
Kiso to rancho, 19: 5825-2837.

Nakajima, T. Ishisaka, N. and Matuda, T . (1978) .
Effects of metolazone on the reproductive
function of rats . Clin. Rep 12:3394-3406.

Pagat. P. and Barnes, L. (1964). Evaluation of Drug
activities, vol. 1 Academic press.

Pridjian, G., PridJian, C., Danchuke, S. et al.
(2006). Beneficial effects of metolazone in a rat
model of preeclampsia.. J pharmacol Exp Ther,
318(3): 1027-1032.

Puschett , J. B (1988). Clinical pharmacology of
metolazone — modmned, 56: 53-61.

Puschett, J. B.(2000). Diuretics and the therapy of
hypertention. Am J Med Sci, 319: 1- 9.

Sambrook, J., Fritsch, E. F. and Maniatis, T.
(1989). Extraction and isolation of nucleic acid
(DNA and RNA) from mammalian cells. In:
"molecular cloning. A laboratory manual". 2™
ed. Cold spring Harbar Laboratory. Press. Pp.
15-45.

Schneider, W. D. (1945). Phosphorus compounds In
animal tissues. Extraction and estimation of
deoxopentose nucleic acid and pentose nucleic
acid. J. Bio. Chem.. 162:293-303.

Sica, D. A. (2003). Metolazone and its role in edema
mangment. Congest Heart Faill. 9 (2): 100-5.
Snedecor, G.W. and Cochran, W.G. (1990).
Statistical methods, 7", ed lowa state Univ.

Press, Lowe, USA.

Spiendiani, G. and Condo, S (2006). Diuretics
therapy in heart failure. G Ital Nefrol. 23(34):
S74-6.

Supuran, C. T. (2008). Diuretics: from classical
carbonic  anhydrase inhibitors to novel
applications of the sulfonamides. Curr Pharm
Des. 14 (7): 641-8.

Waller, A. and Duncan, D. B. (1969) . Multiple
range and multiple test. Biometries, 11: 1-24.
Wyrobeck, A.J and Bruce, W.R. (1975) . Chemical
induction of sperm abnormalities of mice proc.

Natl Acad. Sci. USA. 72: 4425-4429.

Zuccala, A., Losinno, F., fiorenzas, S. et al. (2005).
.Refractory hypertention in a female patient with
renal failure. G Ital Nefrol, 22(6): 617-20.

16/4/2010

newyorksci@gmail.com



