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Abstract—The effect of arginine on the nephrotoxicity produced by cisplatin (6.0mg/kg i.v.) was
investigated in the rat. Intravenous administration of L-arginine at doses of 0.26-2.63 g/kg at the time
of cisplatin injection produced significant protection of renal function as evidenced by reductions in
plasma urea and creatinine concentrations, decreased polyuria and increases in the plasma clearance
of [*H]inulin and {“C]-p-aminohippurate. Administration of D-arginine (2.63 g/kg i.v.) also significantly
ameliorated the renal dysfunction induced by cisplatin although this protective effect was not as great
as produced by the same dose of L-arginine. D-arginine, by contrast to its L-isomer, is reported to have
little or no effect on renal haemodynamics. Consequently, the results of this study indicate that the
protective effect of L-arginine in cisplatin nephrotoxicity involves both haemodynamic and non-

hacmodynamic components.
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Cisplatin is an important antineoplastic drug, being
particularly effective for treatment of testicular and ovarian
cancers. [ts use, however, is circumscribed in some patients
by its nephrotoxic effects which are evident in about 20%
of patients despite the use of saline hydration and diuretics
{1]. Consequently, there is much interest in developing
new methods to abrogate renal damage. In animals,
administration of diethyldithiocarbamate [2], treatment
with adenosine antagonists [3], and the calcium antagonist
nifedipine [4] have all been shown to reduce cisplatin-
induced nephrotoxicity. Recently, Heyman er al. [5]
demonstrated the amino acid glycine could ameliorate
cisplatin-induced ARF* in the rat. NO may play an
important role in this protective effect since the beneficial
actions of glycine can be partially blocked by co-
administration of the NO synthase inhibitor NC-nitro-L-
arginine methyl ester [6]. As the guanidine moiety of L-
arginine is the source of NO [7], we have investigated the
ability of this amino acid to prevent cisplatin-induced ARF
in the rat.

Materials and Methods

Materials. 1- and D-arginine hydrochloride, inulin, p-
aminchippuric acid and cisplatin were purchased from the
Sigma Chemical Co. (Poole, U.K.). [PH{G)lInulin
(201 mCi/g) and p{glycyl-1-*Claminohippuric acid (43 mCi/
mmol) were obtained from DuPont NEN Research
Products (Stevenage, U.K.). The stated radiochemical
purity of each isotope was greater than 98%. Reagent kits
for assay of creatinine and urea were bought from Pierce
& Warriner (U.K.) and BDH Ltd (Poole, U.K.),
respectively.

Induction of ARF. Male Wistar albino rats (200-250 g)
were injected via the tail vein with one of the following:
(1) saline (0.9% w/v NaCl, 3 mL/kg); (2) cisplatin (6 mg/
kg, 2mg/mi. in saline); (3) cisplatin (6 mg/kg) plus L-
arginine (either 0.26, 0.66, 1.32 or 2.63 g/kg in distilled
water); (4) cisplatin (6 mg/kg) followed by D-arginine
(2.63g/kg) and (5) cisplatin (6 mg/kg) plus vehicle for
arginine (distilled water, 5mL/kg). Arginine solutions
were adjusted to pH 7.0 with 1M NaOH. The 2.63 g/kg
dose of arginine is equimolar with 1 g/kg of glycine which

* Abbreviations: ARF, acute renal failure; NO, nitric
oxide; Cyy, plasma clearance of [PHlinulin; Cpap, plasma
clearance of [**C]-p-aminohippurate; ANOVA, one way
analysis of variance.

we have previously shown to protect against cisplatin-
induced ARF [6]. Vehicle and arginine solutions were
administered over a total of 3 min, with the dose of cisplatin
given at the mid-point.

A blood sample (0.75 mL) was taken from the tail vein
3 days following the various treatments (day 4) after which
rats were placed in metabolic cages for a 24 hr urine
collection. Animals were alse placed in metabolic cages
for urine collection over 24 hr on day 7. On day 8, rats
were anaesthetised and the plasma clearances of [°H]inulin,
Cyy (100 mg/kg, 20 uCi/kg, i.v.) and [“C}-p-aminohippuric
acid, Cpay (40 mg/kg, 4 uCifkg, i.v.) were then determined
by the single injection method of Hall ez al. {8]. At the end
of the experiment, a final blood sample (1 mL) was taken
from the carotid artery and rats were killed with an
overdose of anaesthetic.

Analysis of plasma and urine samples. Plasma con-
centrations of creatinine and urea were measured by
reaction with alkaline picrate and diacetyl monoxine,
respectively. Urine sodium was assayed with a Corning 480
flame photometer.

Statistical methods. Values are expressed as means
+SEM. Comparison of means between groups was initially
made by ANOVA, with means compared by Scheffe’s test.

Results and Discussion

Effect of cisplatin. Table 1 shows rats given a single bolus
dose of cisplatin (6 mg/kg) exhibited marked increases in
plasma creatinine and urea concentrations, and a polyuria
accompanied by reduced sodium excretion. Moreover,
both Cyy and Cpay; were significantly (P <0.001) diminished
when compared to saline-injected rats (Fig. 1). These
results are similar to those obtained previously [3] and they
suggest cisplatin at a dose of 6 mg/kg severely impairs renal
function.

Effect of vehicle treatment on cisplatin-injected rais.
Treatment with the vehicle for arginine (distilled water
5mL/kg) had no significant (P > 0.05) effects on plasma
urea concentrations on either days 4 or 8 or creatinine
levels on day 4, although creatinine concentrations on day
8 were significantly (P < 0.05} higher than in the group
given cisplatin alone (Table 1). Furthermore, there were
no statistically significant differences between rats injected
with cisplatin and the cisplatin-vehicle treated group with
respect to either 24 hr urine volume or sodium excretion.
Although vehicle treatment had no significant effect on
Crans Cin Was significantly (P < 0.05) lower compared to
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Fig. 1. Clearance of (a) [*Hlinulin (Cyy) and (b) [**Cl-p-
aminohippuric acid {Cpay) in anaesthetised rats 7 days
following treatment with cisplatin (6.0 mg/kg) and arginine.
Columns represent means with vertical bars SEM. Key:
saline (0.9% NaCl, 3mL/kg); CP (cisplatin); CP+V
(cisplatin + distilled water 5 mL/kg); CP + A (cisplatin +
L-arginine at doses of 0.26, 0.66, 1.32 and 2.63 g/kg,
subscript indicates dose); CP + DA, (cisplatin + D-
arginine 2.63 g/kg). (A) P < 0.001 relative to saline-treated
animals (rtest); (J) P<0.05 relative to CP group;
*P<0.05, **P<0.01, ***P <0.001 relative to CP+V
group {ANOVA).

cisplatin-injected animals (Fig. 1). Thus, vehicle treatment
had no detectable beneficial effects on cisplatin-induced
nephrotoxicity.

Effect of arginine treatment on cisplatin-injected rats. All
four doses of L-arginine, ranging from 0.26 to 2.6 g/kg,
significantly (P < 0.05) reduced plasma urea and creatinine
levels in cisplatin-injected rats (Table 1). In addition, urine
output on days 7-8 was decreased (P < 0.05) in L-arginine
treated rats, when compared to vehicle treated animals.
However, though sodium excretion tended to be higher in
L-arginine treated rats, these changes, with the exception
of rats given 1.32g/kg (days 4-5) were not statistically
different from data for vehicle treated rats, Figure 1 shows
treatment with all doses of L-arginine significantly (P < 0.05)
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increased both Ciy and Cpay. The greatest protection of
renal function was produced by 1.32 g/kg as administration
of this dose resulted in: the lowest plasma creatinine and
urea levels, maximum reduction in cisplatin-induced
polyuria and largest increase in sodium excretion (Table
1) and Gy (Fig. 1).

It is clear that L-arginine, like glycine [5, 6] is able to
ameliorate cisplatin-induced ARF in the rat. However, a
comparison of the beneficial effects of glycine [6] with L-
arginine indicates that glycine has a greater capacity to
reduce the severity of cisplatin nephrotoxicity. Forexample,
1g/kg of glycine (a dose that produces maximum
protection of cisplatin nephrotoxicity, unpublished studies)
administered to cisplatin-injected rats produced a reduction
in plasma creatinine levels of 70% and an increase of 190%
in Cpap in comparison to values noted in rats given cisplatin
only [6]. By comparison, treatment with the most effective
dose of L-arginine (1.32 g/kg) resulted in a lowering of
plasma creatinine levels of about 50% and an elevation of
Cpap of 120%.

D-Arginine (2.63 g/kg) also diminished the severity of
cisplatin-induced ARF since, in comparison to vehicle-
treated rats, there were significant (P < 0.05) reductions in
urea (days 4 and 8), creatinine (day 4) and urine output
(days 4-5), and increases in sodium excretion, Cy and
Cpan (Table 1 and Fig. 1). A comparison of the effects of
D-arginine with the equivalent dose of L-isomer revealed
L-arginine to be significantly (P < 0.05) more effective at
reducing plasma creatinine and urea levels, and the polyuria
whereas D-arginine significantly (P < 0.05) increased
sodium excretion to a greater extent than the L-amino acid
(Table 1). L-Arginine appeared to enhance both Cjy and
Cpap to a greater extent than the D-isomer, but this
difference was not statistically significant (P > 0.05) (Fig.
1).

The pathogenesis of cisplatin’s nephrotoxic effects is not
fully understood. However, Offerman et al. [9], in a study
of patients with testicular carcinoma, recorded a fall of
16% in effective renal plasma flow within 3 hr of treatment
with cisplatin and proposed that changes in renal
haemodynamics play a role in cisplatin-induced neph-
rotoxicity. We have observed reductions of 50% in renal
blood flow and glomerular filtration rate in rats over a 2 hr
period following injection of 6 mg/kg cisplatin [6] and
Winston and Safirstein [10] found a 36% decrease in renal
blood flow and a 62% increase in renal vascular resistance
72 hr after administration of cisplatin. L-Arginine increases
renal blood flow and glomerular filtration rate in normal
rats through an NO-mediated mechanism [11]. Thus, it is
possible the protection afforded by L-arginine is due to
antagonism of cisplatin’s renal haemodynamic effects.
However, D-arginine which is not a source for NO [7] also
had beneficial effects in cisplatin nephrotoxicity. In the
conscicus dog, infusion of L-arginine (cumulative dose
~0.4 g/kg) evoked an increase in renal blood flow of 84%
whilst the equivalent dose of p-arginine produced an
elevation in renal blood flow of 13% [12]. A study of the
perfused kidney of the rat showed that bolus injection of
L-arginine  chloride produced vasodilation (EDg
14 = 1.2 ymol) although Dp-arginine chloride at doses as
high as 170 gmol did not affect perfusion pressure [13].
Whilst it is difficult to relate the above studies [12, 13] to
the present work in which isomers of arginine were given
to anaesthetised rats as bolus doses of up to 2.63 g/kg,
these investigations suggest that D-arginine, by comparison
to its L-isomer, is likely to have minimal effects on renal
blood flow in the rat. The beneficial effects of D-arginine
in maintaining Cyy and Cpay were similar to the equivalent
dose of L-arginine although the protective effects of D-
arginine were less pronounced with respect to plasma urea
and creatinine and the polyuria. One explanation for these
findings is that there are two components to the protective
effect of L-arginine, a haemodynamic effect and a non-
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haemodynamic cytoprotective effect. In addition to any
renal haemodynamic changes, cisplatin nephrotoxicity is
characterized by necrosis of the S; segment of the proximal
tubule [14]. Such damage may be lessened by any
cytoprotective effect of L-arginine. A non-haemodynamic
protective effect of amino acids has been demonstrated
previously since glycine and alanine maintain cell viability
in suspensions of proximal tubules subjected to hypoxia or
anoxia {15]. Recently Garza-Quintero ef al. [16] proposed
that the mechanism which underlies this cytoprotective
action of glycine is its ability to maintain the structural
stability of proximal tubular cell membranes [16].

In conclusion, L-arginine provides protective effects in
cisplatin nephrotoxicity by a mechanism which might
involve both haemodynamic and non-haemodynamic
components.
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