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Ibraheem A. Al-Omar, Riyadh M. Al-Ashban and Arif H. Shah
King Saud Medical Complex, Ministry of Health,
P.O. Box 59082, Rivadh-11525, Saudi Arabia

Abstract: Concerns about quality of a drug product and its maintenance during the shelf life is voiced by many
health authorities. Usually the degradation products of a drug lead to toxicity and/or unexpected clinical results.
4-Chloro-5-Sulfamoylanthranilic Acid (CSA) is the major degradation product of the well established loop
diuretic Furosemide (FM). Acute, subacute and chronic toxicity studies were conducted on CSA and the parent
drug FM for comparison using mice as experimental model. General toxicity symptoms, body weight changes,
effect on vital organs, hematological and biochemical changes and effects on the bone marrow cells were
recorded following established experimental protocels. In each case, the results obtained were sustanciated by
histopathological investigations. During acute treatment, FM 100 mg kg™ dose significantly increased the
levels of AST, creatinine and urea, while CSA treatment caused increase only in AST and creatinine levels. FM
treatment induced clastogenic effect p<t0.05 on the femoral cells of mice. In subacute study, both CSA and FM
treatment significantly increased (p<0.001) AST and ALT levels. In addition, CSA treatment significantly
reduced glucose levels as well. There were no appreciable changes in hematological indices during acute
treatment. However, subacute and chronic treatment with CSA higher dose, caused significant changes in
hematological and biochemical indices. No clastogenic activity was observed during subacute and chronic
toxicity studies. Mortality rate was found lgher i FM higher dose treatment group in both subacute and
chronic toxicity studies. Histopathological investigations after acute treatment revealed mflammatory change
and congestion m liver of mice, while only mild congestion m heart and kidney were also noticed.
Histopathological studies on CSA treated mice after subacute and chronic treatment mduced nteresting
changes. The over all results of current study shown CSA to possess toxic potential.
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INTRODUCTION 2 SO

Concern about the quality of drugs and their

maintenance during the shelf life, has been voiced by
many health authorities because of their complex chemical
and physical stability kmetics (Harmschfeger, 1985,
WHO, 2004; Majed et al., 2005). Loss of drug through a
chemical reaction results in a fall in potency. Loss of
potency indicates “poor product quality’. Based on their
chemical structures, several drugs degraded into toxic
substances due to improper storage and handling
(Khalil et al., 1993, Kopp, 2006). Therefore, it is not
enough to study how much drug was lost during storage
but also to investigate what are 1ts degradation products
and their toxicity (Qureshi ef af, 1993; Yoshioka and
Stella, 2002; Isidori et al., 2006, Williams et al., 2007).
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Furosemide (4-chloro-N-furfuryl-3-sulphamoyl-
anthranilic acid), C,,H,,CIN,O,S, is a potent diuretic which
acts primarily by mhibiting electrolyte absorption mn the
loop of Henle. Tt may be effective in patients who do not
respond to Thiazide dwretics, including those with
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impaired renal function and patients of cardiorenal
syndrome (Terie, 2007; Kociol et al., 2009). Frusemide
(FM) 1s also, used for the treatment of edema associated
with congestive heart failure, pulmonary disorder and
nephrotic syndrome (Brater, 1983; Snopek et al., 2008,
Kapur et al., 2009, Kociol et al., 2009). Tt can produce
adverse effects on fluid and electrolyte balance leading to
hyponatremia, hypokalemia and hypochloremic alkalosis
(Reynolds and Parfitt, 1989; Fadel et of., 2009). However,
to reduce the incidence of chronic lung disease in
extremely low birth weight infants, an effective response
to acute FM challenge was observed. There was an
increase in urine volume, urinary electrolytes and urinary
aldosterone excretion without any significant change in
creatinine clearance (Chemtob ef al., 1989; Costta ef al.,

2009).
FM is susceptible to acid-catalyzed hydrolysis to
yield the hydrolytic product: 4-Chloro-5-

Sulfamoylanthranilic Acid (CSA). The hydrolysis rate 1s
mfluence by adverse storage conditions and pH of the
medium (Cruz ef al., 1979). The TSP Monograph of FM
containg limits for the level of the degradation product
CSA, mdicating its possible toxic potential. In view of the
hazards of the degradation products formed during drug
storage and distribution, there is a growing need to
evaluate toxicity of such products and their comparison
to the parent drug.

Keeping in view the possible toxic effects of the
degradation products, CSA was subjected to acute,
subacute and chronic toxicity studies in mice following
standard toxicity protocols and the results are presented
in the current communication.

MATERIALS AND METHODS

Animal stock: Toxicity studies were conducted in male
Swiss Albino mice (SWR), aged 6-7 weeks and weighing
22-26 g. The animals were bred and maintained at the
Animal House, Central Laboratory for Drug and Food
Analysis, Ministry of Health, Riyadh, Saudi Arabia under
standard conditions of humidity, temperature and light
(12 h dark/12 h light). The animals were fed with purina
chow diet and had free access to water. The standard
official protocol for animal experiments was followed.
Unless, otherwise specified the following parameters were
studied in acute, subacute and chronic toxicity evaluation
(Robin et al., 1982; Hayes, 2001; Al-Ashban ef al., 2005).

General toxicity symptoms: The general toxic symptoms
were observed within 24 h for acute and subacute studies
while these observations were continued for 2 weeks for
chromic study. The observations were allowed sufficient
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time for the onset of signs, recovery and the time to death.
The different toxic symptoms observed were autonomic
responses, motor activity and CNS excitation, etc.
(Chan et al., 1982; Hayes, 2001).

Incidence of mortality: In subacute and chronic toxicity
the ammals were observed for mortality daily and at the
end of the treatment to analyze the impact of the
treatment.

Body weight: The body weights of individual ammals
were taken before the beginming of the treatment and at
the end of the treatment. The difference was computed
statistically to examine the impact of the degradation
product on body weight of ammals.

Organ weight: At the end of the treatment the vital
organs including heart, lungs, kidney, spleen, liver and
testes were weighed and computed on a per 100 g body
weight basis.

Hematology: The blood was analyzed on a coulter counter
for the quantification of different hematological indices
including White Blood Cells (WBC), Red Blood Cells
(RBC), Hemoglobin (Hb), Haematocrit (HCT) and Mean
Cell Volume (MCV).

Biochemical indices: The blood was collected, serum
samples were separated, stored at -20°C and Analyzed for
Alanine  Aminotransferase  (ALT/GPT), Aspartate
Ammotransferase (AST/GOT), isoenzyme MB of Creatine
Kinase (CK-MB), creatimne, urea and glucose. The
parameters were analyzed by enzymatic colorimetric
method using test combination reagents (Boehringer
Mamnheim GmbH, Diagnostic, Germany). The
measurements were carried out in a spectrophotometer
Ultrospec IT (LKB).

Genotoxic studies: The adhering soft tissues and
epiphyses of both the tibiae were removed. The marrow
was aspirated from each femur in fetal calf serum and
transferred to centrifuge tubes. After centrifugation at
1000 rpm for 5 min, the supemnatant was discarded
and the residual cells were spread on shides and air
dried. The slides were fixed in methanol, stained in
May-Gruenwald solution followed by Giemsa stain. The
coded slides screened for the presence of
micronuclel i polychromatic erythrocytes, which
indicated non-disjunction, chromosomal breaks and
structural or numerical changes in the chromosomes. The
bone marrow depression (mitotic index) was evaluated on
the basis of the ratio of Polychromatic to Normochromatic
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Erythrocytes (PCE/NCE ratio) as described earlier
(Al-Harbi et al., 1994). Adriamycin was used as a standard
cytotoxic drug for reference (Zeiger, 1998, BEST, 2006).

Histopathological procedures: Tissue samples of liver,
heart and kidney were preserved m 10% buffered formalin
and processed for routine paraffin block preparation.
Using an American Optical Rotary Microtome, sections of
thickness about 5 um were cut and stained with
haematoxylon and eosin. These were examined under the
microscope for the following histopathological changes
(Al-Ashban et al, 2005; Tbrahim et al., 2009).

Liver: Abnormal portal spaces, abnormal duplication of
Kupffer cells, changes in number of binuclear cells,
medullary  erythropoiesis, presence of
megakaryocyte, mitotic division, lymphocytic infiltration,
necrosis, congestion and edema.

abnormal

Heart: Inflammatory changes, lymphocytosis, necrosis
and congestion.

Kidney: Abnormal peripheral fats, abnormal cellularity,
abnormal glomeruli, abnormal cortex, abnormal medulla,
congestion and necrosis.

In chromic toxicity studies i addition, lungs and
spleen were also, mvestigated for histopathological
changes.

Statistical analysis: For the evaluation of results
obtamed during acute, subacute and chromic toxicity
studies y¥’-test and Student's t-test were used to assess
the sigmficance of the values obtained in the treatment
groups as compared to controls.

Acute toxicity evaluation

Dose selection and mode of administration: The dose
levels selected were in the range of those already
mvestigated (Nakahama et al., 1987). One tenth of the
dose determined for the parent drug FM, was selected as
a dose for the degradation product CSA. Both, the parent
drug FM and the degradation product CSA were
suspended separately and homogeneously m 1%
Carboxymethyl (CMC)  and
administered intra peritoneally (i.p.) in a single acute dose.
The experimental mice were randomly allotted to different
groups as follows:

Cellulose  solution

¢+ Control (CMC, 1%, ip.)
e FMQ100mgkg ', ip)
e CSA(10mgkg ', ip.)
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In each case animals were scarified 30 h after the
treatment and used for the conduct of different
experiments (Chan and Hayes, 2007).

Subacute toxicity evaluation: The study on subacute
treatment involved repeated dose exposures for a short
term. It i1s recommended to provide information on
cumulative effects, latency period for development of
toxicity, reversibility of toxicity and dose response
relationship (Chan et al., 1982; Zeiger, 1998; BEST, 2006).
The purpose of this nvestigation was to evaluate the
effects of short term treatment of the degradation product
CSA, as well as to determine the maximum tolerable dose
and the nature of toxic reactions in order to design
suitable experiments for chronic toxicity. The parameters
i this study were based on standard
toxicological screening programs and included screening
on general toxicity symptoms, mortality, body weight and
organ weight changes, hematology, biochemistry,
genotoxicity and  histopathological —investigations
(Chan et al., 1982; Robin et al, 1982; Al-Ashban et o,
2005; Tbrahim et al., 2009).

included

Dose selection and mode of administration: The subacute
treatment included two doses in order to evaluate the
dose-response relationship. The lowest dose selected was
that used in the acute treatment study. The second dose
was double of the dose used for acute treatment study.
The dose selected for the degradation product CSA, was
one tenth of the dose used for the parent drug FM. In
each case the test compound was homogeneously
suspended in 1% CMC separately and admimstered (1.p.)
daily for 7 days. All parameters were studied and
compared with the respective controls. The experumental
groups were as follows:

s+ Control (CMC, 1%, ip.)
¢« FM (100 mg/eg/day, i.p.)
»  FM (200 mg/kg/day, 1.p.)
»  CSA (10mg/ke/day, 1.p.)
»  (CSA (20 mg/kg/day, i.p.)

The subacute treatment was continued for 7 days. In
each case group of ammals were scarified 30 h after the
last treatment and used for the conduct of different
experiments mentioned earlier (Thrahim et al., 2009).

Chronic toxicity evaluation: In chronic toxicity evaluation
mice were treated with the parent drug FM and its
degradation product CSA for 90 days which was
suggested to be sufficient in the shorten lived rodents in
order to predict the hazard of long term low dose exposure
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(Mosberg and Hayes, 1989; Shah et al, 1998). The
purpose of the study was to evaluate the effects of
prolonged treatment on the target organs and the
physiological and metabolic tolerance of the compounds
at low doses. All the standard prolenged toxicity
parameters were included (Chan ef al., 1982; Robin et al.,
1982; Mosberg and Hayes, 1989, BEST, 2006) and the
findings were substantiated by Thistopathological
investigations (Tbrahim et al., 2009).

Dose selection and mode of administration: The
regulatory guidelines on selection of dose for long term
treatment require minimal toxicity to allow meamngful
evaluation of the data (Mosberg and Hayes, 1989). The
doses selected for FM was m the range of human
therapeutic dose (Mosberg and Hayes, 1989, Hayes,
2001). Accordingly, the doses were calculated for 7 days
a week and then admimstered on 2 days a week basis. The
dose of CSA was one tenth of the dose of the parent drug
FM. Both the low and high doses calculated for FM and
CSA were suspended in 0.01% CMC and administered
intraperitoneally (i.p.). Adriamycin was used as a standard
cytotoxic drug for comparison.

The experimental groups and treatment during
chronic toxicity studies were as follows:

*  Control (CMC, 0.01%, 1 mg kg™, ip.)
e FM(15mgkg ", ip)

e FM@3.0mgkg ", ip)

e CSA(015mgkg ', ip)

e CSA(030mgkg ', ip)

During chronic toxicity studies, the general behaviour
of the amimals was observed daily for the first 2 weeks of
the treatment. The body weight of the individual animal
was recorded weekly throughout the study. The animals
were observed for mortality daily till the end of the
treatment.

RESULTS AND DISCUSSION

Acute toxicity: The results of current acute toxicity study
are presented in Table 1-6. During acute toxicity studies,
general signs of toxicity such as: autonomic responses,
motor activities and effects on central nervous system,
etc. were recorded (Table 1). FM acute treatment
(100 mg kg™, i.p.) induced pilo erection, micturition,
writhing, deification, Waltzing movements and sedation
inanimals. These results are in agreement with the earlier
reported weakness, dry mouth, tlirst dizziness,
confusion, restlessness after FM use (Amdur ef al., 1991).
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Table 1: Effect of FM and its degradation product CSA on general toxicity
symptoms observed within 24 h of acute treatment in Swiss
Albino Mice

Treatment and dose
Toxic symptoms
under observation
Autonomic responses
Respiration - - -
Hypothermia - - -
Hyperthermia - - -
Pilo erection -
Salvation - - -
Micturition
Writhing
Defection
Motor activity
Staggering - - -
Rightening reflex - - -
CNS activity
Straub tail - - -
Tremors - - -
Convulsions - - -
Aggression - - -
Twitches - - -
Excitation/hyperactive - - -
Ttching - - -
Waltzing movements -
Other symptoms
Drowsy/calm/sedation
Momentary limbs paralysis
Blood accumulation (Far veing) - - -
- Absent; +: Present; ++: Severe effect

Control (CMC, 19¢)  FM {100) _ CSA (10)

+

+

Table 2: Effect of FM and its degradation product CSA on mortality
induced in Swiss Albino mice after acute treatment

Treatment and dose Initial no. No. of

(mg/kg/day) (i.p.) of animals  animals dead  Mortality (%9)
Control (CMC, 1%, i.p.) 10 1 8.33

FM (100) 10 1 8.33
CSA (10) 10 0 0.00

Statistically non-significant (Chi-square test); FM: Furosemide, CSA:
4-Chloro-5-Sulfamoylanthranilic acid

Acute treatment with the degradation product CSA
{10 mg kg™, ip.) shown pilo erection, deification,
micturition and Waltzing movements in the treated
amimals. These results indicated that the parent
compound FM is relatively more toxic as compared to its
degradation product CSA. However, no significant
mortality occurred both i the FM and CSA treatment
groups as compared to the control (Table 2).

The analysis of different biochemical indices after
acute treatment with FM (Table 3), revealed a significant
increase (p<0.05) in the serum creatinine and urea levels,
which shown nephrotoxic potential of FM (Asaeda ef af .,
1984; Hardman et al., 2001; Hsu et al., 2005; Metra et ai.,
2008). The results of current study are in agreement with
earlier studies (Eshaghian er al., 2006) where higher
dosages of loop diuretics, were associated with increased
serum blood urea nitrogen and elevated creatinine levels,
which could help identifying patients with heart
failure and lugh risk for mortality (Chemtoberal., 1989,
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Amdur ef al., 1991; Eshaghian e# al., 2006). In a clinical
setting, high free water intake and low serum urea and uric
acid favours acute hyponatremia, which 18 an emergency
situation. Therefore, for differential diagnosis of acute
hyponatremia, a detailed history of the patient was
considered essential (Hsu et al., 2005).

During current acute toxicity study, FM acute
treatment in mice, elevated the blood levels of AST/GOT
and ALT/GPT indicating some hepatotoxic activity of FM,
however, these values were statistically significant only
for AST levels (L1 ef af., 1995). In the group of mice
treated with CSA, there was a sigmficant mcrease (p<<0.05)
in the levels of AST and (p<0.01) creatinine. These
findings indicated possible hepatotoxic potential of
FM-treatment in mice observed in the current experiment.
the findings were substantiated by an earlier report
showing FM treatment to induce hepatic necrosis in mice
(Williams et al., 2007). The increase in creatinine levels by
FM treatment 1s in agreement with the reports on
nephrotoxicity of furosemide (NTP, 1989, Hor ef al,,
2007). There were no significant hematological changes
observed in FM as well as in CSA treatment groups as
compared to the control {Table 4). The histopathological
mvestigations confirmed congestion m the liver and
heart of FM treatment group as compared to the control
(Table 5).

In CSA treatment group, there were mflammatory
changes and congestion 1n the liver after acute treatment
as compared to the control.  Furthermore,
histopathological studies also revealed congestion in
kidneys of the CSA-treated animals (Table 5). FM acute
treatment mduced statistically sigmificant p<0.05
cytotoxicity in the femoral cells of mice (Table 6).
These results are in agreement with the results of earlier
studies on the cytological effects and carcinogenic
activity of FM i mice, which needs further confirmation
(Subramanyam and Jameela, 1977; Jameela et al., 1979;
NTP, 1989).

Based on some reports in the scientific literature, FM
was demonstrated to possess antioxidative properties
(Lebedev and Petrenko, 1996; Vargas et al., 1998). FM is
also used to control hypertension and reduce the swelling
and fluid retention caused by various medical problems,
mcluding heart or liver disease (Chemtob et al., 1989,
Snopek et al., 2008; Kapur et al., 2009, Kociol et al., 2009).

Tt causes the kidneys to get rid of un-needed water and
salt from the body mto the urine (Costta et af., 2009,
Fadel et al, 2009). Keeping view the results obtained
during present acute toxicity study (Table 1-6) and
existence of limited toxicological data on CSA and FM in
scientific literature, it was considered essential to conduct
subacute and chronic toxicity studies to evaluate the toxic
potential of the degradation product CSA as compared to
the parent drug.

Subacute toxicity studies: The subacute toxicity studies
on CSA and FM were conducted according to the
protocol described earlier. FM and CSA subacute
treatment results provided information on cumulative
effects, latency period for development of toxicity,
reversibility of toxicity and dose response relationship
{(Chan ef al., 1982; BEST, 2006). The results of the present
Subacute treatment in mice (Table 7-16) demonstrated that
FM treatment (100 and 200 mg kg™ caused a dose
dependent increase in writhing, pilo erection, micturition,
defection; Waltzing movements and partial paralysis in
animals within 24 h post-treatment (Table 7). These results
are in agreement with the earlier reported side effects of
FM-treatment causing weakness, dry mouth, dizziness
and restlessness (Amdur ef al., 1991).

The FM-degradation product CSA, was found to
cause pilo erection, defection and Waltzing movements.
The results on the mortality after subacute treatment
(Table 8), FM treatment induced statistically significant
(p<0.01) lethality. Furthermore, the pre-treatment and
post-treatment body weight changes in FM treated
groups as well as CSA treatment groups were statistically
non-sigmificant (Table 9). These results clearly mdicated

Table3: Effect of FM and its degradation product CSA) on the biochemical
parametersin Swiss Albino mice after acute treatment
Treatment and dose

Control
Parameters CMC (1%) FM (100) CSA (10)
AST/GOT (uL™) 15.96+0.810 17.45+0.800* 18.95+2.2100*
ALT/GPT (uL™) 10.19+1.180 13.79+2.890 12.86+1.8400

CK-MB (uL™})
Creatinine (pmol L™")
Urea (mmol 1.7Y) 5.84£0.510 10.63+0 490+ 6.01+0.5600
Glucose (mmol L") 5.7540.150 6.13+0.190 5.62+0.0900
*p<0.05; **p<0.01 (students t-test); Treatment groups were compared with the
control group; Five animals were used in each group; FM: Furosemide, CSA: 4-
Chloro-5-Sulfamoylanthranilic acid

150.13+14.14
147.60+2.030

146.19+16.01
195.19+4.910%*

140.63+14.520
220.5143.9600%*

Table 4: Effect of FM and its degradation product CSA on hematolosical indices of Swiss albino mice after acute treatment

Hematologi cal indices

Treatment/dose e e e e e s

(mg/kg/day) (i.p.) WBCx10°/1L RBCx10%L Hb. (gdL™h HCT % ratio MCV 1l
Control (CMC, 1%g) 5.24+0.69 5.55+0.61 10.73+£0.88 28.38+2.77 49.86+0.79
FM (100) 4.57+1.42 5.4840.40 10.36+0.72 26.75+1.78 50.68+0.87
CSA (10) 4.19+0.84 5.70+0.37 10.27£0.57 28.22+1.96 49.6510.67

p=0.05 (students” t-test); Five mice were used in each group; FM: Furosemide; CSA: 4-Chloro-5-Sulfamoylanthranilic acid
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that FM was more toxic as compared to its degradation
product (CSA) in the given dose levels. The weight of
vital organs were not affected except the weight increase
of liver after subacute treatment with higher dose of FM
(Table 10). Tt is worth mentioning that in higher dose, FM
treatment might have caused hepatic necrosis in animals
due to its metabolic bicactivation to a chemically reactive
metabolite that binds to hepatic proteins (Williams et af.,

these changes were statistically insignificant. On the
other side, CSA high dose treatment was found to reduce
significantly (p<0.05) the levels of WBC, RBC, Hb and
HCT. These findings are supported by earlier researchers
of

reporting that the use loop diuretics might be

Table 5: Effect of FM and its degradation product CSA on the histopatholo-
gical changes in Swiss Albino mice after acute treatment

2007)_ Organs studied FM (100) CSA (1)
The differences in the effects of FM and CSA Liver
. . . . Inflarnmatory changes - +

treatments and lack of ther metabolic relation 1s Fatty changes . .
supported by the hematological indices (Table 11). FM  Necrosis - -
treatment was generally associated with reduced Congestion * *
hemoglobin levels and elevated creatinine and urea levels Heart

) o ' : Inflammatory changes - -
Long-term administration of FM was also reported to  Necrosis - .
increase the BUN and plasma creatinine (Hon ef ai., 2007). Congestion + -
The results obtained during the cuwrent subacute Kidney

. . . Tnflarmmatory changes - -
experiment, shown a non-significant decrease in  wecrosis . .
hemoglobin levels and an increasing trend m creatinine Congestion - +
and urea levels after subacute treatment. However, all  -Nermal; +Little effect, ++Appreciable effect
Table 6: Clastogenic effect of FM and its degradation product CSA on the femoral cells of Swiss Albino mice after acute treatment (Mean+SE)
Treatment Polychromatic Micro nucleated Normochromatic
and dose Erythrocytes potychromatic Erythrocytes
(mg kg™, i.p. (PCE) screened ervthrocytes (%0) (NCE) screened PCE/NCE ratio
Control (CMC, 1%6) 5475 0.31+£0.03 5341 1.02+0.03
FM (100) 4697 0.41+£0.07 5100 0.9240.02*
C8A (10 4819 0.35+0.02 5000 0.96=0.02
Adriamycin (8) 5350 6.1810.38%% 5547 0.68£0.07*

*p<0.05; **p<0.01 (Student’s t-test); Five mice were used in each group; Each group was compared with group 1 (Control); FM: Furosernide; CSA: 4-

Chloro-53-Sulfamoylanthranilic Acid

Table 7: Effect of FM and its degradation product CSA on general toxicity symptoms observed within 24 h after subacute treatment in Swiss Albino mice

Treatment/dose (mg/kg/day)

Toxic symptoms

under observation Control

FM (100)

FM (200) CSA (10) CS8A (20)

Autonomic responses

Respiration - -
Hypothermia -
Hyperthermia -
Pilo erection -
Salvation -
Micturition -
Writhing -
Defecation -
Motor activity

Staggering -
Rightening reflex - -
CNS activity

Straub tail - -
Tremors - -
Convulsions - -
Aggression - -
Twitches - -
Excitation/hyperactive - -
Ttching - -
Waltzing movernents -
Other symptoms

Drowsy/calm/sedation - +
Momentary limbs paratysis - +
Blood accurnulation (Ear veins) - -

S S

+ - R
+ - R

-, Absent; +: Present; ++: Severe effect; FM:

68

Furosemide; CSA: 4-Chloro-3-Sulfamoy lanthranilic acid
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associated with decrease in hemoglobin levels and
increase in blood urea nitrogen and creatinine levels
(Eshaghian et al., 2006; Hori et al., 2007). Current findings
are supported by an earlier observation that only
prolonged furosemide wuse, could lead to severe
nephropathy in experimental animals (NTP, 1989).

The data of the current study mdicated, the
degradation product CSA to be relatively more toxic then
the parent drug FM, as shown by the hematological
parameters. There is no study report available on the
subacute toxicity evaluation of CSA in the scientific
literature for comparison. However, these results might by
justified by taking into consideration the possible toxic
potential of anthranilic acid moiety present in the
structure of CSA and also, by the results of an earlier
experiment (Black, 1986).

The biochemical analysis after FM treatment shown
a significant increase in AST and ALT concentration in
the serum (Table 12) thus, confirming the results obtained
during the present acute toxicity experiments. It 15 worth
mentioning that the raise inurea and creatinine levels
was statistically non-significant. The histopathological
mvestigations on  liver shown  extramedullary
erythropoiesis (Table 13). On the other side, CSA sub-
cute treatment was found to significantly (p<t0.001)
increase the concentrations of AST and ALT in the
serum. The increase m liver enzymes may be attributed to
the known hepatotoxic effects of FM which caused
hepatic necrosis in  mice (Astashkin et al., 1988,
Williams et al., 2007). These toxic effects appeared to be
caused by known prostaglandin suppression activity of
the drug and may be attributed to the anthramlic acid
moiety in the structure of CSA (Blaclk, 1986). However,
histopathological exammation of vital organs mcluding
liver, during the current study, shown the presence of

duplicated Kupffer cells and binucliated cells in liver of
the treated animals. The presence of binucleated cells
clearly demonstrated a process of repair following the
toxic implications of CSA.

Both FM as well as CSA treatment did not induce any
significant effects on the serum concentrations of
CK-MB, creatimne and urea. These results are supported
by the histopathological studies (Table 14 and 15) where,
no drastic changes in the cardiac and renal tissue were
observed. The results of the present subacute experiment
showing no effect on creatimine levels are not n full
agreement with the results obtamed during current acute
toxicity study. FM was earlier reported to possess
significant nephrotoxicity (Asaeda et al., 1984, NTP, 1989,

Table 8: Effect of FM and its degradation product CSA on mortality
induced in Swiss Albino mice after subacute treatiment

Treatment and dose Initial No. No. of Mortality
(mg/kg/day), i.p. of anirals animals dead (9%)
Control (CMC, 1%, i.p.) 12 1 8.33
FM (100) 12 1 8.33
FM (200) 12 5 41.67*
CSA(LO) 12 0 0.00
CSA (20) 12 2 16.67

*p<0.05; **p<0.01 (Chi-square test); FM: Furosemide; CSA: 4-Chloro-5-
Sulfamaylanthranilic acid

Table 9: Effect of FM and its degradation product CSA on weight gain
induced in Swiss Albino mice after subacute treatment (mean+SE)

Body weight

Treatment and dose Tnitial No.

(megkg/day) (.p.) of mice Pre-treatment Post-treatment
Control (CMC, 0.01%%) 14 24.7+1.2 26.6+1.4
FM(1.5) 13 25.041 4 26.8£1.5
FM (3.0) 14 25.241.1 26.5+1.9
C8A(0.15) 13 24.9+1.3 27.2+1.8
CSA{0.3) 14 26.241.5 27.4£1.5

p=0.05 (statistically not significant) (student’s t-test); Post-treatment body
weight of the surviving mice was statistically compared with the
pre-treament body weightt FM: Furosemide; CSA: 4-Chloro-5-
Sulfamoylanthranilic acid

Table 10: Effect of FM and its degradation product CSA on the organ weight of Swiss Albino mice after subacute treatment

Mean weight/100 g body weight+SE

Treatment/dose
(mg/kg/day) i.p. Heart Lungs Liver Kidney Spleen Testes
Control (CMC, 1%) 0.57+0.02 0.89+0.06 6.76+0.21 1.47+0.04 0.63+£0.08 0.64+0.05
FM (100) 0.51+0.03 0.85+0.06 6.68+0.19 1.52+0.05 0.78+0.09 0.58+0.05
FM (200) 0.53+0.02 0.87+0.08 7.414+0.15% 1.44+0.07 0.642£0.03 0.72+0.05
C8A (10 0.58+0.02 0.80+0.02 6.62+0.38 1.50+0.06 0.61+0.11 0.74+0.04
CSA (20) 0.55+0.01 0.754+0.07 6.67£0.17 1.45+£0.01 0.69+£0.07 0.60+0.02
#p<0.05 (students’ t-test); FM: Furosemide; C8A: 4-Chloro-3-Sulfamoylanthranilic acid
Table 11: Effect of FM and its degradation product CSA on hematological indices of Swiss Albine mice after subacute treatment

Hematological indices
Treatment/dose
(mg/kg/day), i.p. WBC*10°/L RBC=10'4L Hb (gdL™h) HCT ratio (%) MCV fl
Control (CMC, 1%6) 5.00+£0.75 5.52+047 10.62+0.88 27.80+2.90 50.94+0.87
FM (100) 4. 77+1.31 5.41+0.38 10.26+0.85 27.804£2.00 52.32+0.88
FM (200) 4.30+0.17 5.19+0.63 9.87+0.37 25.20+3.10 49.92+0.28
CSA (10) 3.98+0.48 5.66+0.30 10.64+0.53 28.40+1.60 51.32+0.72
CSA (20 3.25+0.19* 4.25+0.23* 8.17+0.54* 20.00=1, 50* 50.77£0.57

#p<0.05 (students’ t-test), Five mice were used in each group; FM: Furosemide; C8A: 4-Chloro-5-Sulfamoylanthranilic acid
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Table 12: Effect of FM and its degradation product CSA) on the biochemical parameters in §wiss Albino mice after subacute treatment (Mean+SF)

Treatment and dose (mg'kg/day)

Parameters Control (CMC, 19%) FM (100} FM (200) CSA (10) CSA (20)
AST/GOT (uL™) 14.50+00.83 20,8042, 550 %++ 26,802,240+ 23,8041, 6504+ 23.8041. 590 %%+
ALT/GPT (1Y) 10.12+01.20 19.28+1.800%#* 24,7241 G20k 21.98+1. 26044+ 25.18+0.900# 4+
CK-MB (uL™ 165.60+15.95 218.40+19.44 250.44442.43 154.20211.69 231.60426.12
Creatinine (umol L) 145.80+03.84 141.3044.240 156704430 140.09+1.860 159.0846.210
Urea (mmeol L™) 5.70£00.42 5.75£0.170 444£0.510 5.77£0.430 5.3440.250
Glucose (mmol L~ 5.64:00.11 5.89+0.070 5.3540.120 5.25+0.060% 4,98£0.080%*

#p<0.05; **p<0.01; #*#*p<0.001 (Students’ t-test); Treatment groups were compared with the individual control group; Five animals were used in each group;

FM: Furosemide; C8A: 4-Chloro-5-Sulfamoy lanthranilic acid

Table 13: Effect of FM and its degradation product CSA on the histopathological changes in Liver of Swiss Albino mice after subacute treatment

Organs studied liver Control (CMC, 1%)

FM (100 mg kg™")

FM (200 mg kg™h) CSA (10 mgkg™) CSA (20mgkg™

Fatty changes - -
Abnormal portal space - -
Kupffer cells (abnormal duplication) - -
Change in number of binucleated cells - -

Abnormal medullary erythropoiesis - +

Presence of megakaryocyte - -
Mitotic division - -
Inflammmatory changes - -
Lymphocytic infiltration - -
Necrosis - -
Congestion - -

+ + ++
+ + ++
+ - -
+ - -
+ - -
- - +

-: Normal; +: Little effect; ++: Appreciable effect; FM: Furosemide; CSA: 4-Chloro-S-sulfamoylanthranilic acid

Table 14: Effect of FM and its degradation product CSA on the histopathological changes in heart of Swiss Albino mice after Sub-Acute treatment

Organs studied liver Control (CMC)

FM (100 mgkg™)

FM (200 mg kg™") CSA (10mgkg™) CSA (20mgkg™

Inflammmatory changes - -
Lymphocytosis - -
Congestion - -
Necrosis - -

+

-: Normal; +: Little effect; FM:

Furosemide; CSA: 4-Chloro-5-sulfamoylanthranilic acid

Table 15: Effect of FM and its degradation product CSA on the histopathological changes in Kidney of Swiss Albino mice after Sub-Acute treatment.

Organs studied liver Control (CMC)

FM (100 mgkg™!)

FM (200 mg kg™ ") CSA (10 mgkg™) CSA (20 mg kg™

Abnormal peripheral fats - R
Abnormal cellularity - -
Abnormal glomeruli - R
Abnormal cortex - -
Abnormal medulla -
Congestion - R
Necrosis - -

++
+

-Normal; + Little effect; ++Appreciable effect, FM: Furosemide, CSA:

Saways and Robertson, 1992; Hardman et al., 2001) and
induced a significant increase in creatinine levels. Loop
diuretics are commeoenly used m critically 1ll patients with
acute renal failure, but their effect on climical cutcome
remains uncertain (Bagshaw et al., 2007). FM is also used
in treating congestive heart failure, however, there is a
possibility of depletion of electrolytes which must be
momnitored carefully (Schwinger and Erdmann, 1992).
The discrepancy in the results on the current acute
and subacute treatments may be attributed to the possible
reversibility and latency of toxic mnplications during the
short term treatment (Chen et al., 1982; Al-Harbi et al.,
1994; BEST, 2006), which may be confirmed in the detailed
chronic toxicity experiments. Earlier studies on FM
(Sandstrom, 1986, Sandstrom and Schin, 1988) have
shown increased hyperglycemic activity in mice within
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2 h of treatment with FM, however, the levels of glucose
were fully recovered within 24 h. In the current subacute
study, there was no effect on the glucose levels of FM
treated amimals as compared to the control. It 15 worth
mentioning that CSA subacute treatment, was found to
reduce serum glucose levels (Table 12), which needs
confirmation with the data of chronic toxicity experiment,
which 1s a part of current study.

The subacute treatment with FM was found to
increase the frequency of micro nucleated PCE and
reduced the PCE/NCE ratio (Table 16). However, all these
findings were statistically non-sigmificant, but sufficient
enough to support the data obtained during the acute
toxicity experiment. These results indicated a weak
clastogenic and cytotoxic potential of FM and these
findings are in agreement with the earlier reports on the
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Table 16: Clastogenic effect of FM and its degradation product CSA on the femoral cells of Swiss Albino mice after subacute treatment.

Poly chromatic Micro nucleated Normochromatic
Treatment and Erythrocytes polychromatic Erythrocytes
dose (mg kg™", i.p.) (PCE) screened erythrocytes (%) (NCE) screened PCEMNCE ratio
Control (CMC) 5201 0.28+0.03 5143 1.01£0.03
FM (100) 4969 0.33+£0.02 5361 0.93+0.05
FM (200) 5112 0.35£0.04 6016 0.88+0.07
CSA (1) 5065 0.29+0.03 4923 1.04+0.06
CSA (20) 5265 0.29+0.06 4696 1.15+£0.07
Adriamycin (8) 5216 5.60+0.38%* 6664 0.78+0.09*

#p<0.035; ##p<0.001 (student’s t-test); Five mice were used in each group; Each group was compared with group 1 (control); FM: Furosemide; CSA:
4-Chloro-5-Sulfamoylanthranilic acid

Table 17: Effect of FM and its degradation product CSA on general toxicity symptoms observed within 24 h after chronic treatment in Swiss Albino mice
Treatment/dose (mg/kg/day)

Toxic symptoms
under observation Control FM (1.5) FM (3.0) CSA (0.15) CSA (0.3)
Autonomic responses

Respiration - - - - -
Hypothermia - - - - -
Hyperthermia - - R
Pilo erection - ++ ++
Salvation - -
Micturition - +

Writhing - + ++ - -
Defecation - +

Motor activity

Staggering - - - - -
Rightening reflex - - - - -
CNS activity

Straub tail - - - - -
Tremors - - - - -
Convulsions - - - - -
Aggression - - - - -
Twitches - - - - -
Excitation/hyperactive - - - - -
Itching - - - - -
Waltzing movements - + ++ -
Other symptoms

Drowsy/calm/sedation - + + - -
Momentary limbs paralysis - + + - -
Blood accumulation (Ear veins) - - - - -
-1 Absent; +: Present; ++: Severe effect; FM: Furosemnide; C8A: 4-Chloro-3-Sulfamoy lanthranilic acid

n

oo

+ 0+
T

+
T
+
+

clastogenic and mitodepressive effect of FM  be present in both treatment groups. Calmness and
(Subramanyam and Jameela, 1977; Jameela ef al., 1979, itching were observed only i group of treated with hugher
Isidor et al., 2006). Subacute treatment with CSA could doses (Table 17). The chronic treatment with the
not affect the frequency of micronuclei in PCE and the degradation product CSA, induced pilo erection in a dose
ratio of PCE/NCE as compared to the control (Table 16). dependent manner. Symptoms like defection and
These results confirmed the data obtained during acute micturition were observed at both dose levels. The results
toxicity studies. A comparison of the genotoxic effects of  on the mortality revealed that both CSA and FM treatment
CSA with that of FM revealed the parent drug FM to be increased the rate of mortality (Chuen and MacFadyen,
more toxic than its degration product CSA. In some 2006). However, the mortality rate was statistically
previous studies, FM induced sister chromatid exchanges significant (p</0.05) only m the group of mice treated with
and chromosomal aberrations in CHO cells, both in the higher dose of the parent drug FM (Table 18). These data
presence and absence of exogenous metabolic activation confirmed the previous observations during subacute
(NTP, 1989). toxicity studies and demonstrated that FM is more toxic

than its degradation product CSA (Beerman et al., 1975;
Chronic treatment: The general symptoms of toxicity Smith and Benet, 1983; Smith and Orremius, 1984). FM
observed during chronic treatment revealed FM treatment chronic treatment at both dose levels was found to
to induce symptoms such as writhing and waltzing increase body weight only during first 2 weeks; whereas
movements in dose-dependent manner. While pilo  CSA treatment mfluenced the body during first week of
erection, micturition and paralysis of limbs were found te  treatment. However, at the end of chromnic treatment the
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body weight increase in all the treatment groups was
statistically sigmficant (p<0.01). There 1s no explanation
in the literature on the observed body weight changes
mnduced by FM and CSA treatments. The weight of the
vital organs after chronic treatment with FM and CSA
were not affected except the increase (p<0.05) m the
weight of liver observed only by high dose of FM
treatment (Table 19). These results confirmed the data
obtained during the subacute toxicity studies done as part
of current investigations.

Chronic treatment with CSA and FM failed to induce
any significant changes m the levels of different
hematological indices analyzed (Table 21). However,
HCT was significantly (p<0.05) reduced in FM high dose
treatment group, as well as in the CSA treatment groups
as compared to the control. It is worth mentiomng that
during the cwrent subacute toxicity studies, CSA
treatment was found to be relatively more toxic to these
indices analyzed in the blood. The discrepancy observed
n these studies appears to be due to possible reversibility
of toxicity upon prolonged treatment (Chen et al., 1982;
Qureshi ef al., 1993; Shah et al., 1998, Williams et al.,
2007).

Furosemide treatment i3 known to cause hepatic
necrosis in mice (Williams et al., 2007). In the current
chronic treatment, FM failed to significantly alter serum
AST, ALT, CK-MB, creatinine, urea and glucose levels at
both doses used (Table 22). Earlier reports suggested FM-
treatment to raise creatmine levels, which could not be
demonstrated during the current chronic toxicity studies.
However, an increase (p<<0.05) in the serum creatinine
levels was observed in CSA higher dose treatment group
(Table 22). There is equipoise and need for higher-quality
evidence to better characterize the role of loop diuretics in
kidney myury (Hom et al., 2007, Bagshaw ef al., 2008). On
the other side, in CSA chronic treatment groups, at both
dose levels, serum glucose levels were significantly
(p<0.05) decreased. CSA chronic treatment failed to
significantly alter serum levels of AST, ALT, CK-MB and
urea at both dose levels (Table 22). Some results of FM
treatment could not corroborate well with the finding of
the subacute treatment studies (Table 12). The
histopathological examination (Table 23) on hepatic
tissue shown the presence of abnormal erythropoiesis,

megakaryocyte, lymphocytic  infiltration, necrosis,
congestion, edema and pigmentation of Kupffer cells. The
discrepancy in the current chronic toxicity and subacute
toxicity results, appears to be due to the gross
pathological damage of the hepatic tissue, which might
have distorted the membranes to retain the enzymes. The
observed hepatotoxicity may be attributed to the already
reported  prostaglandin-stimulating  activity of FM
(Brater, 1983; Hardman et «l, 2001) and to the effects
of some of its toxic metabolites (Liu et al., 1995;
Hardman et af., 2001). The results of histopathological
investigations shown no drastic changes in lungs and
spleen of the chronically treated amimals (Luellman et afl.,
2003).

The CSA treatment also did not affect serum
concentration of ALT. However, the results on subacute
toxicity experiment revealed an increase in the
concentration of ALT. This difference in the results of
subacute and chronic toxicity studies, may be attributed
to the possible reversibility of toxicity upon prolonged
treatment (Chen et «l, 1982; Robin et al, 1982;
Hardman et al., 2001 ; Williams et al., 2007). The increase
in bicleated cells 1in liver, clearly demonstrated a

Table 18: Effect of FM and its degradation product CSA on mortality
induced in 8wiss Albino mice after Chronic treatrment

Treatment and dose Tnitial no. No. of Mortality
(mg/kg/day) (i.p.) of animals animals dead (%)
Control (CMC, 0.01%) 14 2 14.28
FM(1.5) 13 3 23.08
FM (3.0 14 6 42.86%
CSA(0.15) 13 4 28.57
C8A (0.3) 14 4 30.97

#p<0.05 (y*-test); FM: Furosemide, CSA: 4-Chloro-5-Sulfamoylanthranilic
Acid

Table 19: Effect of FM and its degradation product CSA on weight gain
induced in Swiss Albino mice after Chronic treatment (mean+SE)

Body weight

Treatment and dose No. of

(megkg/day), i.p. animals Pre-treatment Post- treatment
Control (CMC, 0.01%%) 14 24.7+1.2 38.4+1.5*
FM(1.5) 13 25.9+1.4 36.841.2%
FM (3.00 14 25.2+1.1 35.6£1.9*
C8A(0.15) 13 24.9+1.3 37.4+1.4%
CRA (D.3) 14 26.2+1.5 36.0£1.5%

*p<0.01 (Student’s t-test); Post-treatment body weight of the surviving
mice was statistically compared with the Pre-treamment body wight, FM:
Furosemide; CSA: 4-Chloro-5-Sultamoylanthranilic acid

Table 20: Effect of FM and its degradation product CSA on the organ weight of 8wiss Albino mice after chronic treatment

Mean weight/100 g body weighttSE

Treatment/dose

(mg/kg/day) i.p. Heart Lungs Liver Kidney Spleen Testes
Control (CMC, 0.01%) 0.6240.02 0.71£0.06 6.51+£0.29 1.5340.06 0.50+£0.04 0.66+0.03
FM (1.5) 0.58+0.03 0.72+0.04 6.37£0.42 1.59+0.02 0.57+0.09 0.59+0.05
FM (3.0) 0.64+0.03 0.76+0.05 7.21+0.16% 1.38+0.11 0.71£0.18 0.58+0.02
CSA (015 0.58+0.05 0.79+0.06 6.64+£0.29% 1.52+0.07 0.50+0.06 0.64=0.05
CSA (0.3) 0.6340.06 0.68+0.05 6.60+£0.17 1.62+0.11 0.48+0.06 0.63+0.03

#p<0.05 (students’ t-test); All treatment groups were compared to the control; FM: Furosemide; CSA: 4-Chloro-3-Sulfamoylanthranilic acid
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Table 21: Effect of FM and its degradation product CSA on hematological indices of Swiss Albino mice after chronic treatment
Hematological indices

Treatment/dose

(mg/kg/day), i.p. WBC*10°/L RBC*10'41L Hb. gdl™! HCT % ratio MCV Al
Control (CMC, 0.01%) 5.05£1.81 6.24+0.44 11.62+0.82 32.7241.50 54.50+5.22
FM (1.5) 4.32+1.34 5.59+0.51 10.78+0.68 20.82+2.79 50.32+2.16
FM (3.0) 4.50£1.16 5.29+1.01 8.74+1 .49+ 20.87+4.20% 43.74+5.32
CSA(1.5) 4.57+1.18 5.67+0.54 9.88+1.22 26.80+£1.17% 47.56+4.76
C8A (0.3 3.92+1.43 4.87+0.71 9.65+0.62 26.07+2.42* 48.64+1.08

#p<0.05 (students’ t-test); Five mice were used in each group; Statistically significant as compared to the control; FM: Furosemide; CSA: 4-Chloro-5-
Sultamoylanthranilic acid

Table 22: Effect of FM and its degradation product CSA on the biochemical parameters in Swiss Albino mice after chronic treatment (Mean+=SE)
Treatment and dose (mg'kg/day)

Parameters Control (CMC, 0.019%)  FM(L.5) FM (3.0) CSA (0.15) CSA (0.3)
AST/GOT (uL™) 13.042.5 12.4£1.7 13.6:2.24 17.246.3 18.745.5
ALT/GET (L0 11.0£2.2 12.4£1.7 10.6£ 1.2 154425 17.8+4.5
CK-MB (uL™) 94.0+12.0 03.0+5.0 77.0+ 9.0 98.0+16.0 123+12.0
Creatinine (umol L) 64.048.0 63.0+9.0 46.0+11.0 68.0+14.0 102.0+12.0%
Urea (mmol L™) 3.0L0.6 2.9£0.9 31208 3.540.0 2.6+0.6
Glucose (mmol L~ 5.041.0 4.4+0.6 4.0+0.6 3.4+0.5% 3.1+ 0.4

#p<0.05; **p<0.01 (Students” t-test); Treatment groups were statistically compared with the individual control group; Five animals were used in each group;
FM: Furosemide; C8A: 4-Chloro-5-Sulfamoy lanthranilic acid

Table 23: Effect of FM and its degradation product CSA on the histopathological changes in Swiss Albino mice after acute treatment
Histopathological changes, treatment and dose (ing kg™)

Histopathological organs
studied investigations CMC (0.01%) FM (1.5 FM (3.0) CSA (0.15) CSA (0.30)
Liver
Inflammatory changes - - +
Abnormal erythropoiesis - - +
Kupfter cells - pigmented - - + - -
+
+

Binucleated cell - -
Necrosis - -
Congestion - - ++ - R
Heart

Inflammmatory changes - - + - R
Necrosis - - - - R
Congestion - - + - +
Kidney

Inflammmatory changes - - - - R
Necrosis - - - R
Congestion - - - +
Lungs

Edema - - + - R
Abnormal alveoli - - - - R
Abnormal bronchioles - - - - R
Abnormal blood vessels - - - - R
Abnormal lumen - - - - R
Capillary congestion - - - - +
Spleen

Abnormal white pulp - - - - R
Abnormal red pulp - - R
Tncreased Magakaryocytes - - + - R
-Normal, +Mild effect, ++Appreciable effect

Table 24: Clastogenic effect of FM and its degradation product CSA on the fernoral cells of Swiss Albino mice after chronic treatment

Poly chromatic Micro nucleated Normochromatic
Treatment and dose Erythrocytes polychromatic Frythrocytes
(mg kg™, i.p.) (PCE) screened erythrocytes (%) (NCE) screened PCE/NCE ratio
Control (CMC) 5190 0.2840.02 5270 0.9940.07
FM (1.5) 5218 0.30+0.04 6348 0.87+0.09
FM (3.0) 5890 0.284+0.03 7612 0.81+0.01
CSA (015 5483 0.28+0.03 6251 0.95+0.11
CSA (0.30) 5148 0.2640.04 5544 0.9340.05
Adriamycin (8) 5230 4.16+0.32% 8714 0.63+0.06"

#p<0.001 (Student’s t-test); Five mice were used in each group; Each group was compared with group 1 (Control); FM: Furosemide; CSA: 4-Chloro-5-
Sultamoylanthranilic acid
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process of repair following the toxic implication of FM and
CSA. Both FM as well as CSA treatment shown no
significant alteration m serum CK-MB by FM as well as
CSA treatments. These results are mn full agreement with
the findings during subacute treatment and were further
substantiated by histopathological changes i the
cardiac tissue. However,
furosemide was reported to induce thiamine deficiency,
which can aggravate myocardial dysfunction (Table 20)
(Da Cunha et al., 2007).

Similarly, histopathology results on the renal tissues
after treatment with FM, shown no significant nephrotoxic
effect of FM chronic treatment, which 1s not in agreement
with the previous studies (Saarela ef al., 1999). In the
biochemical results, it was also found that no significant
Increase in serum creatimne levels occurred. Although,
the observed effects are in agreement with the data of the
current subacute treatment and the acute treatment
studies; but 1s not in full agreement with the reports about
the nephrotoxic potential of FM treatment recorded by
earlier researchers (NTP, 1989; Hori et ol., 2007) and
increase in BUN and plasma creatinine levels by long-term
administration of furosemide was observed (Asaeda et al.,
1984; Sawaya and Robertson, 1992, Hardman et al., 2001,
Hori et al, 2007). This discrepancy after chronic
treatment, might be due to the possible reversibility of
toxic umplication due to prolonged treatment (Chen et af.,
1982). It 15 worth mentiomng that renal caleification
(but not nephrocalcinosis) 1s a known complication of
furosemide therapy. Renal calculi can complicate FM
treatment in children after repair of congenital heart
disease. Therefore, it was suggested to do frecquent urine
analysis and to monitor urine calcium/ceatinine ratio for
the early detection of such complications (Ali, 2006).

Tt is worth mentioning that earlier nephropathy signs
were found in the kidney of mice fed with diets containing
furosemide (NTP, 1989, Hayes, 2001). In the cwrent
chronic toxicity studies, CSA treatment was found to
the of creatinine, however,
histopathological mvestigations shown no significant
changes in the renal tissues, except mild congestion due
to edema. These results failed to show any significant
mnpact on the increased serum creatinine levels and
indicated the latency of toxic implications (Chen et al.,
1982, BEST, 2006).

Unlike, the results of acute and subacute toxicity
studies, FM chronic treatment failed to affect the serum
concentration of glucose during chronic toxicity
experiments. Earlier reports on FM treatment have shown

chronic admimstration of

merease levels

mcreased hypoglycemic activity i mice, however, the
levels of glucose were fully recovered within 24 h
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(Sandstrom, 1986; Sandstrom and Schlin, 1988). The
discrepancy mn these results indicated the tume bound
effect of FM on the serum levels of glucose. On the other
hand, a comparison of the results of subacute treatment
and findings of CSA-chronic treatment revealed CSA
to reduce the serum levels of glucose. Compounds
containing anthramlic acid moiety m their chemical
structure, are known to decrease prostaglandin levels
(Black, 1986). The observed hypoglycemic effect induced
by CSA after chronic treatment, appears to be possibly
caused by the known prostaglandin suppression property
of such compounds. The cases and reports on furosemide
allergy have also, been reported, alarming about the
careful use of diuretics (Schreuder et al., 2008).

The treatment with FM failed to induce any
significant changes m the frequency of micro nucleated
PCE and in the ratio of PCE/NCE (Table 24). These results
confirmed the previous findings during subacute toxicity
studies. However, these results contradict the findings of
Subramanyam and Jameela (1977), Jameela et al. (1979),
Zeiger (1998) and Tsidori ef al. (2006) on the mutagenic
effects of FM on human leucocytes in culture and
evidence of carcinogenic activity of FM in female mice, as
shown by an increase in malignant tumors of the
mammary gland in female mice (NTP, 1989). The current
results do not correspond well with earlier observations
on the clastogenic and mitodepressive potential and
toxicity of FM and its degradation product CSA. The
discrepancy i these results may be due to the exposure
of the drug to pharmacokinetics and pharmacodynamic
processes mvolved n the whole organ, which is different
from the partial heterogenicity of cells i vitre (Smith and
Orrenius, 1984; Lullmaun et al., 2005).

Furthermore, the properties of FM such as inhibition
of lipid peroxide, electrolyte depletion may have played a
role leading to differences in current acute, subacute and
chronic toxicity experiments (I.ebedev and Petrenlo, 1996;
Terie, 2007). In another experiment, Zila ef al. (2007), it was
concluded that hypercapma during heat stress i both
normo-volemic and hypo-volemic ammals may be
assoclated with altered cardiorespiratory responses
(Zila et al., 2007).

The results of the current toxicity studies provided
basic toxicological data on CSA, the main degration
product of FM formed during adverse storage conditions.
Current study added significant information for planning
future investigations and experimental trails where, not
only the toxicity of the parent drug rather its proper
storage and stability aspects should also be taken into
consideration which might lead to the formation of toxic
degradation products.
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