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PROTECTIVE EFFECT OF CYSTEINE
AND VITAMIN E, CROCUS SATIVUS
AND NIGELLA SATIVA EXTRACTS ON
CISPLATIN-INDUCED TOXICITY IN RATS

EZZAT S. EL DALY*

SUMMARY: Cisplatin [ cis-dichlorodiammineplatinum (I1)] is a widely used chemotherapeutic drug that is
toxic to the kidney. Concurrent administration of cysteine together with vitamin E, Crocus sativus and Nigella
sativa reduced the toxicity of cisplatin in rats. When administered i.p. for 5 alternate days with 3 mg/kg cis-
platin, cysteine (20 mg/kg) together with vitamin E (2 mg/rat) an extract of Crocus sativus stigmas (50 mg/kg)
and Nigella sativa seed (50 mg/kg) significantly reduced blood urea nitrogen (BUN) and serum creatinine levels
as well as cisplatin-induced serum total lipids increases. In contrast, the protective agents given together with
cisplatin led to an even greater decrease in blood glucose than that seen with cisplatin alone. The serum activ-
ities of alkaline phosphatase, |actate dehydrogenase, malate dehydrogenase, aspartate aminotransferase and
alanine aminotransferase of cisplatin-treated rats were significantly decreased, whereas the activities of glu-
tathione reductase and isocitrate dehydrogenase were significantly increased. Addition of cysteine and vitamin
E, Crocus sativus and Nigella sativa in combination with cisplatin partially prevented many changes in the
activities of serum enzymes. In cisplatin-treated rats, the liver activities of isocitrate dehydrogenase and aspar -
tate aminotransferase were significantly increased, whereas much greater changes were found in the kidneys,
with increased activity of glucose-6-phosphate dehydrogenase and decreased activities of alkaline phosphatase,
isocitrate dehydrogenase, malate dehydrogenase, aspartate aminotransferase, alanine aminotransferase, sor-
bitol dehydrogenase and y -glutamyl transferase, as well as a decreased phosphorylation to oxidation ratio in
the mitochondria, indicating reduced adenosine triphosphate production. Also, administration of cysteine and
vitamin E, Crocus sativus and Nigella sativa together with cisplatin partially reversed many of the kidney
enzymes changes induced by cisplatin. Cysteine together with vitamin E, Crocus sativus and Nigella sativa
tended to protect from cisplatin-induced falls in leucocyte counts, haemoglobin levels and mean osmotic
fragility of erythrocytes and also prevented the increase in haematocrit.

The results of this study indicate a basis for the toxic effects of cisplatin, and suggest a possible way of coun-
teracting the toxicity by introducing protective agents such as sulphydryl compounds, other antioxidants and
extracts of natural products. It also appears that cells adapt to the effects of cisplatin through the induction of
system that produce NADPH, which in turn compensates the decrease of free sulphydryl groups.

We conclude that cysteine and vitamin E, Crocus sativus and Nigella sativa may be promising compounds
for reducing cisplatin-toxic side effects including nephrotoxicity.
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INTRODUCTION

Cisplatin was discovered to have cytotoxic proper-
ties in the 1960s, and by the end of the 1970s it had
earned a place as the key ingredient in the systemic
treatment of germ cell cancers. Since the early seminal
work in the preclinical and clinical development of this
drug, several thousand analogues have been synthe-
sized and tested for properties that would enhance the
therapeutic index of cisplatin (50). Although renal toxi-
city is the dose limiting factor for the use of cisplatin,
other associated toxicities include emesis, nausea,
diarrhea, anorexia, hair epilation and myelosuppres-
sion (2). Mechanisms for renal toxicity range from
definitive histologic changes found in the proximal con-
voluted tubules to physiologic and biochemical alter-
ations involving a decrease in mitochondrial respiratory
function, enzymic activity in the respiratory chain and
glutathione peroxidase, and effects on cellular calcium
homeostasis. Important factors related to nephrotoxic-
ity include age, renal irradiation, and concurrent alco-
hol intake (3). A potential mechanism influencing the
sensitivity of cells to cisplatin may result from the inter-
action of specific proteins with cisplatin-damaged DNA
(32). Other molecules, including RNA and proteins,
also react with cisplatin (29). These reactions occur
either by a direct pathway in which the co-ordinated
chlorides are displaced by nucleophilic entering groups
or by an indirect pathway in which the entering nucle-
ophiles react with cisplatin molecules that have already
exchanged chloride groups for solvent (H,O) (43,44).
Cisplatin protein interactions are important in determin-
ing the therapeutic efficacy of the antitumour agent.
Binding of cisplatin to plasma proteins significantly
alters the rate of clearance of the drug from circulation
(6,20). Reactions of native proteins with cisplatin may
be responsible for the observed toxicity to the kidneys
and gastrointestinal tract (18,40).

The effect of cisplatin on liver and kidney functions
has been reported in several studies. Treskes et al.
(49); Hanigan et al. (25) and Bogin et al. (14) showed
that an injection of cisplatin changed liver and kidney
enzyme activities. Also, Nair et al. (40) reported that
body weight, haemoglobin levels and leucocyte counts
were decreased after cisplatin injection in mice. On the
other hand, administration of cysteine and vitamin E
together with cisplatin partially reversed the uraemia
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and many of the biochemical changes induced by cis-
platin (14).

Biochemical studies with heavy metals show that
they react with free sulphydryl groups. It is postulated
that the nephrotoxicity caused by several heavy
metals, e.g. mercury, is related to the intracellular
decrease of reduced glutathione, enzymes are then
inactivated because their SH-groups are not main-
tained in a reduced form (19). Levi et al. (33) showed
that following the administration of cisplatin to rats,
there was a significant decrease of SH groups per
gram wet weight. This change was seen prior to the
elevation of blood urea nitrogen (BUN) and creatinine
in the blood, suggesting that SH group depletion may
be a primary event leading to the renal failure. The
decrease of SH groups was due to a decrease of pro-
tein-bound SH, with the greatest decline in the cytoso-
lic and mitochondrial fractions (33).

Ways of protecting SH groups and reducing the
toxic effects caused by cisplatin have been reported
(4,14,16,34).

Considerable interest has been focused on the iso-
lation of compounds that might be administered with
cisplatin to reduce the dose-limiting toxicity (2). For
these compounds to be useful, they must either be
selectively absorbed by non-tumour cells or adminis-
tered at an appropriate time, before or after the antitu-
mour drug, when injury to tumour cells is irreversible
and reversible to non-tumour cells e.g. MPG (2-mer-
captopropionyl glycine), methimazole, WR-2721 [S-2
(3-amino propylamino) ethyl phosphorothioic acid] and
dithiocarbamates (27,39,45,49).

Considering the above, the current study was
undertaken to examine the effects of cisplatin on vari-
ous enzyme systems in the blood, liver and kidney, to
relate these effects to renal failure, and to evaluate
possible methods of reversing these effects by an
administering compounds that protect or increase SH
groups, e.g. cysteine and vitamin E. Also the effects of
extracts of natural products like Crocus sativus dried
stigmas (Saffron) and Nigella sativa seeds, as potential
protective agents against cisplatin-induced toxicity in
adult male albino rats were examined.

MATERIALS AND METHODS

Animals

Adult male albino rats (160-180 g; Animal House of the
National Research Center, Doki, Giza) were housed in a con-
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trolled room on a 12-hr light/dark cycle and given food and
water ad libitum.

Chemicals and Natural Products

Cisplatin, cysteine and vitamin E were obtained from the
Sigma Chemical Co. (St. Louis, MO). Crocus sativus (Saffron)
dried stigmas and Nigella sativa seeds were purchased from
the local market with a fair degree of quality assurance. All
other chemicals used were of analytical grade.

10g of Saffron (Crocus sativus L.; Family; Irideae) was
extracted with 95% ethanol (500 ml) thrice, overnight at 28°C
with continuous stirring. The pooled extracts were evaporated
under reduced pressure to a known volume (50 ml) and
loaded on to a silica gel (Shimadzu-Japan) column and eluted
with petroleum benzene, chloroform, methanol and water,
successively. The water fraction (yellow colour) containing the
active ingredient was separated by ascending paper chro-
matography using butanol/acetic acid/water (6:1:2) as the sol-
vent system. The active spot (faint yellow colour was cut,
eluted with 95% methanol overnight, dried under reduced
pressure to render the product alcohol-free and stored at 2°C.
Approximate content of the active compound in the saffron
was 5.6% (w/w).

The dried seeds of Nigella sativa L. (Family; Ranuncu-
laceae) were powdered and 25g of the powder was extracted
with 95% ethanol (500 ml) thrice, overnight at 28°C with contin-
uous stirring. The pooled extracts were evaporated under
reduced pressure to a known volume (50 ml) and loaded on to
a silica gel (Shimadzu-Japan) column and eluted with 95%
methanol/water (9:1). The active fraction (as indicated by
brown colour) was collected and separated by ascending
paper chromatography using chloroform as the solvent system.
The active spot at the solvent front was cut, eluted with
methanol (overnight), evaporated under reduced pressure to
render the product alcohol-free and stored at 2°C. Approximate
content of the active compound in the seeds was 2.2% (w/w).

Trials to reduce the nephrotic and toxic effects of cisplatin
were performed. The substances evaluated were:

1. Cysteine- a SH- containing amino acid with the potential
to protect endogenous SH-groups, and, therefore to reduce
the damage caused by cisplatin;

2. Vitamin E, a substance known for it is antioxidative
activity and thus a potential agent for protection of SH-groups.
Cysteine and vitamin E were used together to determine
whether the combination of the two offers greater protection;

3. Crocus sativus dried stigmas (saffron) and Nigella
sativa seeds, natural products used as a potential protective
agents against cisplatin-induced toxicity.
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The effects of cysteine together with vitamin E or Crocus
sativus or Nigella sativa were studied in the absence and in
the presence of cisplatin.

Schedule of Drug Administration

Cisplatin (30 mg) was dissolved in 100 ml of sterile dis-
tilled water. Vitamin E was dissolved in corn oil 1:50. The
extracts of saffron (1 gm) and of N. sativa (1 gm) was recon-
stituted in 200 ml sterile physiological saline. The experiments
were carried out on eight groups of adult male albino rats and
each group consisted of six animals. To the first group of rats,
cisplatin was given 3 mg/kg body weight i.p. for five alternate
days. The second group was administered cysteine (20 mg/kg
body weight i.p.) and vitamin E (2 mg/rat s.c.) 30 min before
administering cisplatin (3 mg/kg) for five alternate days. The
third group was given 20 mg/kg cysteine together with vitamin
E (2 mg/rat s.c.) as above but without cisplatin. The fourth
group was administered saffron extracts (50 mgW/kg body
weight i.p.) 30 min before administering cisplatin (3 mg/kg
body weight i.p.) for five alternate days. The fifth group was
given 50 mg/kg saffron extracts as above but without cisplatin.
In a similar way the sixth group received N. sativa extract (50
mg/kg body weight i.p.) and after 30 min cisplatin (3 mg/kg) for
five alternate days. Group seven received only N. sativa
extract (50 mg/kg) for five alternate days. Group eight was the
control which received the same volume of normal saline for
the same period.

Blood and Tissue Sampling

Animals of the different groups were killed by cervical dis-
location 6 hours after the last injection. Blood from each
animal was collected in two separate clean centrifuge tubes.
The first tube was heparinized before use to keep blood in a
fluid condition for haematological level studies. The second
tube was not heparinized and blood was allowed to coagulate
and the tube was centrifuged at 3000 r.p.m. for 20 min for
serum separation. Serum specimens of each animal were
divided into two parts in clean small tubes, the first part was
kept at 4-8°C for analysis of glucose within 24 hours. The
second part was quickly kept frozen at -20°C until needed for
analysis.

Immediately after sacrifice, livers and kidneys were rapidly
excised from the body of each animal. Accurately weighed tis-
sues were homogenized in ice-cold bidistilled water (1:10 dilu-
tion) using a potter El-Vejhem glass homogenizer fitted with a
teflon pestle. The freshly prepared homogenates were then
used for determination of enzymes assays immediately or
stored at -20°C till ready for biochemical studies.
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Kidneys tissues were homogenized in 10-fold volumes of
sucrose (0.25 mol/l, tris buffer 0.02 mol/l, pH 7.4) with a teflon-
glass homogenizer. Prior to homogenization, the tissues were
cut into small pieces and washed three times with the homog-
enizing solution. The homogenate was first centrifuged at
3000 g for 15 min to remove connective tissue, cell debris,
nuclei and membranes. The supernatant obtained was recen-
trifuged at 18000 g for 30 min. The sediment was washed
(suspension and recentrifugation in the homogenizing solu-
tion) then used as the mitochondrial fraction.

Methods

The enzymes, alkaline phosphatase, glutathione reduc-
tase, lactate dehydrogenase, isocitrate dehydrogenase,
malate dehydrogenase, aspartate aminotransferase, alanine
aminotransferase, malic enzyme, sorbitol dehydrogenase, vy-
glutamyl transferase and glucose-6-phosphate dehydroge-
nase were assyed according to Mc-Comb and Bowers (37);
Bergmeyer (7); Bergmeyer and Bernt (8,9); Bernt and
Bergmeyer (12); Bergmeyer et al. (10,11); Hus and Lardy (30);
Gerlach and Hiby (24); Szasz (48) and Lohr and Waller (35)
respectively.

Blood urea nitrogen (BUN) and serum creatinine concen-
trations were analyzed using reagent kits from Bio-Analytics
Company (P.O. Box 388, Palm City, Fl., USA). Glucose, total
proteins, albumin and total lipids concentrations were meas-
ured using methods described by Bonder and Mead (15);
Lowry et al. (36); Doumas et al. (21); and Frings et al. (23)
respectively.

Mitochondrial fraction was prepared according to Johnson
and Lardy (31). Mitochondrial oxidative phosphorylation was
measured with a Gilson respirometer at 30°C according to
Smith (47).

The total leucocyte counts were performed using a
haemocytometer. Using 'Sahli apparatus', the haemoglobin
content of the blood can be determined. Mean osmotic fragility
of erythrocytes was measured on freshly withdrawn cells
according to Parpart et al. (41).

Statistics

Data are expressed as mean * standard error (S.E.M.).
Where appropriate, analysis of variance was determined and
statistical significance between groups was determined by the
Student's t-test using P<0.05 as criteria for significance.

RESULTS
Table 1 and Figure 1 summarizes the changes
observed in the enzymes activities of serum following
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cysteine together with vitamin E, Crocus sativus and
Nigella sativa administration in adult male albino rats
treated with cisplatin.

The effect of cisplatin on serum enzymes activities
revealed the occurrence of significant changes in most
enzymes studied. The data obtained revealed the
occurrence of significant (P<0.01) increases in glu-
tathione reductase and isocitrate dehydrogenase in
cisplatin-treated rats. On the other hand, significant
decreases were recorded in the activities of alkaline
phosphatase, lactate dehydrogenase, malate dehydro-
genase,
aminotransferase after 10-days of cisplatin injection.
No significant differences were seen in the level of

aspartate aminotransferase and alanine

malic enzyme.

Cysteine and vitamin E, C. sativus and N. sativa
added together with cisplatin did not reverse the lowered
activity of alkaline phosphatase by cisplatin. Also admin-
istration of cysteine and vitamin E alone significantly
(P<0.05) decreased the enzyme activity in the serum.
However C. sativus and N. sativa added alone caused
little or no effect on serum alkaline phosphatase activity.
Cysteine and vitamin E, C. sativus and N. sativa admin-
istered alone or together with cisplatin, caused little or
no effect on the serum activity of glutathione reductase.
Serum lactate dehydrogenase and serum alanine
aminotransferase activities in rats treated with cysteine
and vitamin E, C. sativus and N. sativa together with cis-
platin were significantly lower from the control animals.
On the other hand, cysteine and vitamin, C. sativus and
N. sativa given without cisplatin did not affect lactate
dehydrogenase and alanine aminotransferase activities.
Cisplatin, cysteine and vitamin E, C. sativus and N.
sativa in combination, led to higher serum isocitrate
dehydrogenase activity. Cisplatin administered together
with cysteine and vitamin E and N. sativa caused a sig-
nificant (P<0.01) decrease of serum malate dehydroge-
nase. However the enzyme activity approached normal
in the C. sativus treated group receiving cisplatin. The
protective agents without cisplatin did not affect the
malate dehydrogenase activity.

Addition of cysteine and vitamin E, C. sativus and
N. sativa together with cisplatin, caused little effect on
the serum activity of aspartate aminotransferase. While
the activity of the same enzyme was significantly

Journal of Islamic Academy of Sciences 9:4, 105-118, 1996
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Table 1 : Effect of cysteine and vitamin E, Crocus sativus and Nigella sativa extracts on enzyme activities in the serum of adult male albino rats treated with cisplatin.

Treatment Alkaline Glutathione Lactate |socitrate Malate Aspartate Alanine malic
Phosphataze | reductase | debwdrogenase | debwdrogenase | debydrogenase amino- amino- BNTYImMe
fUM00may | (UA00mo) | (LA 00mo) (LA 00 {UM00mgy | transferase | transferase |(UM00ma)

(LA00mgy| QLA00mo

Contral 391+25 54103 3291+131 1.0x01 1231.7+x 44 17.2+£09% 5103

Cisplatin | 201+1.8*** |81+06™ | 284.2£109% 1.3+01* 1142+58* |139+06 |40+02% +

Cisplatint

cysteine+ |21.3+26%** | 58208 [2602+254™ 1.4+02% 9e 2+ 51" 165+12 33403 |54+07

YitaminE

Cysteine + . N

\itamin E G I aax07y 30932348 1.0x01 12812161 | 21.0x 2.0 4704 51204

Clsplatind | o 4y o qe+ | 50403 | 286041247+ 12+01% 1231487 | 158+07 | 44403* [56+05

C.gativus

C.sativus I6Z2+34 AE+0.4 308+149.8 1.1+0.2 133.2+101 184+12 | 5306 5106

ﬁ'iﬂﬁ;‘:* 221420 | 52404 | 20084123% | 1.2+01% [ 10014808% | 162411 | 25+06% [57+08

M. sativa 3Brx3a a8x04 3403 x17.8 11201 1329495 19014 a5x07 arxoy

Values represent the mean + S.E.M of six rats per group.

Statistically significant from normal control:*P<0.05;**P<0.01; ***P<0.001.
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Figure 1: Variations in the percent of control of enzymes activities in (a) serum (b) liver (c) kidney of adult male albino rats after 10 days
of cisplatin administarion. Number of rats per each group = 6. Statistically significant from normal control: *p<0.05; **p<0.01;

**4p<0.001.
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(P<0.05) higher after administration of cysteine and
vitamin E alone, the activity was not significantly differ-
ent from the control when C. sativus and N. sativa were
administered alone. After 10 days there was no signifi-
cant difference between serum malic enzyme activity in
rats receiving cisplatin and protective agents alone and
those receiving the combination treatments.
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Figure 2 summarizes the changes observed in pro-
teins and metabolites of serum following cysteine
together with vitamin E, C. sativus and N. sativa admin-
istration in adult male albino rats treated with cisplatin.

Animals receiving cisplatin alone showed a much
greater increases in BUN and serum creatinine as com-
pared to normal control animals indicating renal func-
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Table 2 : Effect of cisplatin on enzymes activities in liver of adult male albino rats.
Akaline Lactate Isoctitrate Malate Aspartate Alanine Sorbitol
Treatment Phosphatase | dehydrogenase | dehydrogenase | dehydrogenase amino amino dehydrogenase
(U/100 mg (U/100 mg (U/100 mg (U/100 mg transferase transferase (U/100 mg
protein) protein) protein) protein) (U/100 mg (U/100 mg protein)
protein) protein)
Control 16+ 0.1 361.5+ 20.6 70+ 04 418.3+ 185 69.7+ 5.1 498+ 4.3 140+ 0.7
Cisplatin 1.7+ 0.2 348.1+ 19.3 9.5+ 0.6* 399.8+ 19.5 79.1+ 6.2* 540+ 3.5 136+ 0.6

Values represent the mean + S.E.M. of six rats per group.
Statistically significant from normal control: *P<0.05;**P<0.01.

tion insufficiency. Small but significantly (P<0.05) lower
concentrations of blood glucose and serum albumin
and higher total lipids were seen in the sera of cis-
platin-treated rats.

Cysteine and vitamin E or C. sativus significantly
reverse some of the effects of renal failure caused by
cisplatin. N. sativa treatment, however, protected rats
from elevated blood urea nitrogen and creatinine con-
centrations induced by cisplatin. Cysteine and vitamin
E, C. sativus and N. sativa given together with cisplatin
led to an even greater decrease in blood glucose than
that seen with cisplatin alone. Administration of cys-
teine and vitamin E, C. sativus and N. sativa together
with cisplatin caused non-significant changes of serum
total proteins, albumin and total lipids. The effects of
the protective agents alone caused non-significant
(P>0.05) changes in serum proteins and metabolites.

The effect of cisplatin on the liver enzymes are
shown in Table 2 and Figure 1. Isocitrate dehydroge-
nase and aspartate aminotransferase activities exhib-
ited significant (P<0.01 and P<0.05, respectively)
increases in liver of cisplatin-treated rats. There were
no changes in other hepatic enzymes studied.

Table 3 and Figure 1 summarizes the changes
observed in the enzymes activities of the kidney follow-
ing cysteine together with vitamin E, Crocus sativus
and Nigella sativa administration in adult male albino
rats treated with cisplatin. A mixed pattern was seen.
Alkaline phosphatase,
malate dehydrogenase, aspartate aminotransferase,

isocitrate dehydrogenase,

alanine aminotransferase, sorbitol dehydrogenase and
-glutamyl transferase showed significantly lower spe-
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cific activities, while glucose-6-phosphate dehydroge-
nase was significantly (P<0.001) higher in the cisplatin-
treated rats. No significant changes were seen in the
activities of glutathione reductase, lactate dehydroge-
nase and malic enzyme.

Cysteine and vitamin E partially reversed, to a
lesser extent, the inhibitory effect on activities of renal
alkaline phosphatase, malate dehydrogenase, aspar-
tate aminotransferase, alanine aminotransferase, and
sorbitol dehydrogenase, and the excitatory effect on
the activites of glucose-6-phosphate dehydrogenase
by cisplatin. Also C. sativus and N. sativa given
together with cisplatin led to a significant decrease in
the activities of alkaline phosphatase, isocitrate dehy-
drogenase, malate dehydrogenase, alanine amino-
transferase, sorbitol dehydrogenase and y-glutamyl
transferase relative to the normal control animals.
Administration of cysteine and vitamin E alone signifi-
cantly decreased renal malate dehydrogenase and sor-
bitol
phosphate dehydrogenase was significantly increased

dehydrogenase activities, while glucose-6-
than that of the normal control animals. However C.
sativus and N. sativa alone led to non-significant
(P>0.05) changes in the kidney enzymes activities.
Estimation of mitochondrial oxidation and phospho-
rylation showed that the P/O ratio was decreased in
mitochondria from the kidneys of cisplatin-treated rats,
i.e. these mitochondria were less efficient in the produc-
tion of adenosine triphosphate. While oxidation levels
were almost identical in both groups, phosphorylation
was significantly (P<0.01) lower in the cisplatin-treated
group, decreasing the P/O ratio by 12.5% (Table 4).
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Figure 2: Effect of cysteine together with vitamin E, Crocus sativus and Nigella sativa extracts on protein and different metabolities con-
centrations in the serum of adult male albino rats treated with cisplatin. Each bar represents mean + S.E.M. of six rats per group.
Statistically significant from normal control: *p<0.05; **p<0.01; ***p<0.001.
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Figure 3 summarizes the changes observed in the administration in adult male albino rats treated with cis-
leucocyte counts, haemoglobin levels, haematocrit and platin.
mean osmotic fragility of erythrocytes following cys- Leucocyte counts, haemoglobin levels and mean
teine together with vitamin E, C. sativus and N. sativa osmotic fragility were significantly decreased in the cis-
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platin treated animals, while haematocrit was signifi-
cantly (P<0.05) increased. The leucocyte counts,
haemoglobin levels, haematocrit and mean osmotic
fragility approached normal in both C. sativus and N.
sativa-treated groups receiving cisplatin, while leuco-
cyte counts, haemoglobin levels and mean osmotic
fragility were significantly lower in the cisplatin together
with cysteine and vitamin E-treated rats. Administration
of cysteine and vitamin E, C. sativus and N. sativa
alone caused no effect on the haematological parame-
ters studied.

DISCUSSION

Chemotherapy and ionizing radiation affect non-
cancerous cells to a certain extent. Several groups
have worked on chemoproctective and radioprotective
agents attempting to find a preferential protection of
normal tissues during cancer treatment (14,45,52). The
most widely used common protective agents are
sulphdryl-containing compounds like WR-2721 (38,42)
and an antioxidant substances like methimazole and
vitamin E (14,45). In the present study, treatment with
cysteine together with vitamin E or saffron or Nigella
sativa extracts significantly reversed the toxic effects
caused by cisplatin. Most of the toxic reactions in
cancer therapy with cisplatin are manifested by gas-
trointestinal epithelium and bone marrow, as evidenced
by increased azotemia and gastrointestinal syndromes
(1,22). Most of the chemotherapeutic agents used
against malignant disease interfere with cell production
by damaging mitotic or cell compartments of the
marrow, or by slowing down cell division (51).

The results presented in this article provide evi-
dence on the biochemical aspects, kinetics and mode
of action of toxic effects caused by cisplatin.

The serum enzymes, alkaline phosphatase, lactate
dehydrogenase, aspartate aminotransferase and ala-
nine aminotransferase, as well as others, are com-
monly elevated following cellular damage as a result of
enzymes leakage from cells to the blood. The serum
catalytic concentrations of these enzymes however
were significantly lower five alternate days post cis-
platin administration in the treated animals, suggesting
an inhibitory effect. Lower enzyme levels may be due
to either lower release from the tissues to the serum, or
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decreased production of active enzymes and conse-
qguently lower activity in the serum.

It has been postulated that the nephrotoxic mode of
action of the drug cisplatin is similar to that of other
heavy metals, and is related to the decrease in the
intracellular concentrations of glutathione and protein-
bound SH- groups, which are required for normal cellu-
lar function (5,26,33).

The possibility that cisplatin itself is the inhibitory
agent of the enzymatic reaction was excluded by the
fact that in vitro addition of the drug to the reaction
media did not affect the reaction rates (14).

The lower activities of enzymes in the serum paral-
leled the intracellular pattern. Administration of sub-
sulphydryl
antioxidant properties, before cisplatin, significantly

stances containing groups, or with
reversed the inhibitory effects caused by cisplatin
alone, supporting the hypothesis that the cisplatin toxi-
city is associated with the reduction of free sulphydryl
groups.

In the present study BUN and serum creatinine
levels were significantly increased after cisplatin
administration. Addition of cysteine together with vita-
min E or saffron or N. sativa significantly reversed the
toxic effects caused by cisplatin. The degree of
uraemia was lowered and the magnitude of the
changes in the serum analyses, including glutathione
reductase, were smaller. These findings may suggest
that some of the toxic effects caused by cisplatin may
be reduced by using cysteine and vitamin E or saffron
or N. sativa. Similar protection effects of cysteine and
vitamin E or saffron or N. sativa against cisplatin
induced toxicity has been observed in mice and rats
(14,40). This, however, needs to be further studied, in
case the chemotherapeutic effect of cisplatin is also
reduced.

In response to the lower SH concentrations caused
by cisplatin, we observed: (a) Increased activities of
the serum enzymes, NADP-isocitric dehydrogenase
and glutathione reductase; (b) Significant increases in
liver isocitric dehydrogenase and kidney glucose-6-
phosphate dehydrogenase, all of these enzymes being
associated with NADPH generation and maintenance
of reduced sulphydryl groups.

By constantly preventing oxidative processes, sul-
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EFFECT OF ANTIOXIDANTS ON GENTAMICIN ENPHROTOXICITY

Table 3 : Effect of cysteine together with vitamin E, Crocus sativus and Nigella sativa extracts on enzyme activities in the kidney of adult male albino rats treated with cisplatin.

Treatment| Alkaline  |Glutathione| Lactste lzocitrate Malste Aspartate Alanine Malic Sorbitol | g - glutamyl | Glucose -6 -
Phozphataze | reductase | dehydro- | dehydro- dehydro - aming - aming - enzyme | dehvydro- | transferaze| phosphate
(UM00me) | (UMO0me)| genase genase genase tranzferaze| tranzferase [(UMO0mg) | genase (LA 0me) dehydro -

protein protein | (UM 00me) (U 00me) (L1 00me) (UA00me) | (UA00me) | protein (LA 00me) protein genase
protein | protein protein protein protein protein {1041 00mg)
protein

Cortrol 273219 [ 90+05 (1600£72| 230 x04( 5532 +195 0221 2501 11£01 | 1021016313 2002

Cizplatin |82 £1.0%* | 79207 [1500 25918 202 4005 £102*" (354 £ 28|17 2040 | 10 £01 |73 208139 £06* 51 £03**

Cizplatin +

cysteine+150 £+22%%| 81208 (1423275 24202 (M523 £135% | 429213 22 £04* |09 +005|74 209** [ 159215 |45 03"

Witamin E

Cysted

Vl::r'ltani::EEJr 246+21 |84+09 [1479468| 2203 | 4509+ 215° | 465 £25| 23402 | 11£01 |75 07| 16317 | 25202

Cizplatin+ x% * * x% EES * k

- sativus 10210 B0+05 (1503 £103( 20 £02° [ 45009+ M K6 A4TE £31 |20 041 10 £005|7.8 2067|142 £12* (46 +03

Caativuz | 26353 +21 | 9.3 +038 [148.4 +118) 2.4 £02% S602+M7 832434 2602 | 1101 9609 [160%16 22+01

Clsplatln+ EX 34 * * * & EX S £ 13

N, sativa 1051035 8107 (1605 2130/ 20 £01 (46012 £2312% 456 29| 22101 10 £01 (75 £08°7° 138 £13%" |47 £03

M.sative | 271+23 | 9.4 £10 {1522 £120| 25 203 | 559222014 | 551 +41 | 27 +03 (1.2 +005) 105 09| 167 +1.2 |26 +0.3%

Values represent the mean + S.E.M of six rats per group.

Statistically significant from normal control:*P<0.05;**P<0.01;***P<0.001.
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Figure 3: Effect of cysteine together with vitamin E, Crocus sativus and Nigella sativa extracts on the total leucocyte counts, haemoglo-
bin levels, haematocrit and mean osmotic fragility of erythrocytes of adult male albino rats terated with cisplatin. Each bar rep-
resents mean + S.E.M. of six rats per group. Statistically significant from normal control: *p<0.05; **p<0.01; ***p<0.001.
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phydryl groups, also have an important role in the
maintenance of cellular membrane integrity. The lower-
ing of the SH level caused by cisplatin could be con-
tributing factor to the observed decrease in mean
osmotic fragility.

The effect of cisplatin was much greater on the
kidney than the liver. While only two enzymes were
found to change in the liver (NADP isocitrate dehydro-
genase and aspartate aminotransferase increasing by
36% and 14% respectively), eight kidney enzymes
showed a change in activity (seven reduced and one
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increased). Renal failure in rats treated with cisplatin
could be a result of the lower enzymatic activities in the
kidney, as well as the less efficient oxidative phospho-
rylation and adenosine triphosphate production of the
mitochondria. The enzyme shown to be most inhibited
both in the serum and kidney is alkaline phosphatase.
The reason for its great sensitivity is not clear. Through
its role as a membrane enzyme involved in transmem-
branal transport (among other functions), alkaline
phosphatase may be particularly involved in the renal
failure and development of uraemia.
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Table 4: Effect of cisplatin on mitochondrial oxidation and phosphorylation in O, the kidney of adult male albino rats.

Treatment Phosphorylation
(v mol / h mg protein)

Oxygen consumption P/O
(1/2 O, u mol/h mg protein) quotient

Control 18.4+ 0.7

11.2+ 0.5 16+ 0.1

Cisplatin 15.2+ 0.9*

11.0+ 0.7 1.4+ 0.04*

Succinate was used as a substrate.

Values represent the mean + S.E.M. of six rats per group.

Statistically significant from normal control: *P<0.05, **P<0.01.

Following the administration of cisplatin, uraemia
developed and the activity of serum enzymes was sig-
nificantly decreased (Table 1 and Figures 1-2). This
was largely reversed by supplementation with cysteine
and vitamin E or saffron or N. sativa, once again indi-
cating on the possible potential of these compounds to
reverse the toxic effects caused by cisplatin. Similar
patterns, although of lesser magnitude, were also seen
with other kidney enzymes (aspartate aminotrans-
ferase and alanine aminotransferase). It is, however,
necessary to evaluate the efficiency of these com-
pounds when given after cisplatin treatment rather than
before treatment, since the supplementation of vitamin
E and cysteine or saffron or N. sativa before cisplatin
treatment may reduce the chemotherapeutic efficiency
of the drug. The availability of appropriate biochemical
indicators of the degree of nephrotoxicity will enable
further study of these aspects of the problem.

Hopkins et al. (28) have reported that the decline of
circulating lymphocytes reaches its lowest level on the
fifth day of treatment with anticancer drugs. Protection
against cyclophosphamide-induced toxicity using MPG
has been reported (13). In the present work, some pro-
tective effects were exerted by both the saffron and N.
sativa extracts considering leucocyte counts, blood
haemoglobin content, haematocrit and mean osmotic
fragility. Similar observations were also reported in
mice (40).

The exact mechanisms by which the saffron and N.
sativa extracts exert their protective effects against cis-
platin-induced toxicity are not yet known. Sasen et al.
(45) showed that cisplatin-induced nephrotoxicity was
decreased when methimazole was given 30 min before
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and up to 4 hours after cisplatin treatment. Our findings
revealed that cisplatin-induced toxicity was decreased
when saffron or N. sativa were given 30 min before cis-
platin treatment. These results may be due to the rela-
tively slower excretion of cisplatin by the kidneys
and/or the slower development of the cisplatin-induced
nephrotoxicity compared to the other nephrotoxic
chemicals (17).

The increased blood cell volume seen in the cis-
platin treated rats could be related to the renal failure,
leading to loss of body fluids and haemoconcentration
and therefore an increased haematocrit. The fact that
total protein was reduced could be explained by the
loss of protein in the urine. Significant proteinuria was
seen in the cisplatin-treated rats, confirming the results
of other others (26). This is further supported by the
lower serum albumin levels in the treated rats.

Evaluation of the toxicological effects of cisplatin
leads to the following conclusions; (a) Blood and tissue
analysis confirmed that the kidney is very sensitive to
cisplatin toxicity, and more sensitive than the liver; (b)
An intracellular compensatory effect was observed fol-
lowing cisplatin administration. This compensatory
process neutralized the effects of cisplatin, by increas-
ing the activities of enzymes associated with NADPH
production and the maintenance of sulphdryl groups in
their reduced state; (c) Renal failures caused by the
administration of cisplatin is the result of reduced activ-
ities of several enzymes that play a role in renal func-
tion, as well as reduced adenosine triphosphate
production due to uncoupling of the mitochondrial
oxidative phosphorylation; (d) The toxic effects and
degree of renal failure were decreased by cysteine and
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vitamin E, saffron and N. sativa extracts, which also
partially neutralized the various changes in enzyme
activity, etc. caused by cisplatin.
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