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Abstract

In order to evaluate the effectiveness of magnesium lithospermate B in alleviating acute renal
failure, we used a rat model of acute tubular necrosis and designed two experimental methods. In
experiment 1, normal rats were administered magnesium lithospermate B (20 mg/kg body weight/day)
for 20 days before injection of glycerol. After deprivation of water for 18 h, the rats received an injection
of 50 9% glycerol into the muscle of the rear limb at 10 ml/kg body weight. The rats were given
magnesium lithospermate B continually for 2 days orally, and then sacrificed by decapitation. In
experiment 2, we treated rats with acute renal failure induced by the abov_e method by intraperitoneal
administration of magnesium lithospermate B (10 or 20 mg/kg body weight/day) once every 8 h for 2
days, after the rats had been deprived of water for 6 or 12 h. The markedly elevated levels of urea
nitrogen and creatinine in blood and the reduced creatinine clearance related to progression of renal
failure caused by injection of the nephrotoxic drug following changes in the dehydration period were
significantly improved by oral and intraperitoneal administration of magnesium lithospermate B. Urine
volume and urinary osmolarity, which were markedly lowered with the advance of renal failure in
parallel with the various periods of dehydration, were obviously increased, and this compound appeared
promising for suppressing the increased excretion of urinary glucose and fractional excretion of sodium

due to alteration of tubule function following injection of glycerol.
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Introduction

Acute renal failure is characterized by rapid
decline of the glomerular filtration rate and retention
of nitrogenous waste products. This syndrome occurs
in approximately 59 of all hospital admissions. In
some clinical settings such as intensive care units,
acute renal failure occurs in up to 30 9 of patients.l)
This condition can be divided into three categories :
prerenal failure, postrenal failure and acute tubule
necrosis. The latter is commonly encountered by a
large number of nephrologists, since it appears in

acute renal failure, glycerol, magnesium lithospermate B, Dan Shen, rat.

about three-quarters of all cases of acute renal fail
ure.”’ Although its pathogenesis, especially the initial
causative factor, is still uncertain, most workers con-
sider that renal ischemia, intratubular obstruction,
back - leakage of glomerular filtration across the
damaged renal tubular epithelium and markedly
impaired glomerular filtration are responsible. Among
these, renal ischemia plays an essential role.s)
Although many of the manifestations of acute
renal failure can be controlled by conservative ther-
apy, such as maintaining a stable water-electrolyte
balance, minimizing catabolism, the use of antihyper-
tensive agents and administration of ATP-MgCl, as
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an energy source to improve the function of the
damaged tubule and vascular cells,l) more effective
methods are urgently needed. For acute tubular ne-
crosis, dialysis is essential for removal of the
etiological factors. However, prolonged maintenance
dialysis places a great burden on the patient from both
mental and physical aspects, and social problems
including financial issues have now arisen due to the
increase in the number of dialysis patients. Under
these circumstances, it is very important to find an
effective therapy for acute renal failure.

We have been studying the actions of crude drugs
in rats with experimental renal failure, as part of a
research program on drug therapy. Through such
studies, we have demonstrated that administration of
Salviae Miltiorrhizae Radix (a traditional Chinese
medicinal herb known as Dan Shen) improves blood
circulation and relieves blood stasis."®” The present
authors have also isolated magnesium lithospermate
B from an aqueous extract of Salviae Miltiorrhizae
Radix, and reported the details of its structure and
activities.” ' In the present study, as part of a
research project on pharmacotherapy for renal fail-
ure, we investigated the effect of magnesium litho-
spermate B on various parameters of renal function.
For this purpose, we designed two experiments to
study the preservative and improving action of mag-
nesium lithospermate B on renal function.

Materials and Methods

Animals . Male Wistar rats were obtained from
Shizuoka Agricultural Cooperative Association for
Laboratory Animals (Hamamatsu, Japan).

Purification of magnesium lithospermate B from
Salviae Miltiorvhizae Radix . As reported previously,n
commercially available Salviae Miltiorrhizae Radix
(Salviae Miltiorrhiza BUNGE) (1.0 kg) produced in
China was extracted twice with water (1.5 liters) at
80°C. After removal of insoluble matter by filtration,
the filtrate was concentrated under reduced pressure
(40°C) and subjected to MCI-gel CHP-20P (7.5 cm i.d.
X 35cm) column chromatography. After washing the
column with water, elution with 50 95 aqueous meth-
ano! yielded polyphenols (62 g), which were chromato-
graphed using a Sephadex LH-20 column (5.0 cm

Fig. 1 Structural formula of magnesium lithospermate B.

i.d.x 42 cm) with water containing increasing
amounts of ethanol to afford three fractions: I (4.8 g),
II (0.35g) and III (5.9g), and compound 1 (756 g).
Fractions I and III were rechromatographed separate-
ly on a Sephadex LH-20 column using water as the
eluent to yield compound 2 (1.98g) and a further
fraction of compound 1 (4.3 g). Compound 1 was
identified as magnesium lithospermate B on the basis
of its *C nuclear magnetic resonance spectrum, infra-
red spectrum, negative fast-atom bombardment mass
spectrum, proton nuclear magnetic resonance spec-
trum, energy -dispersive X -ray analysis and other
data. Its chemical structure is shown in Fig. 1.
Experimental design : In order to observe the
action of magnesium lithospermate B in preventing or
delaying acute renal failure in rats, we used an experi-
mental protocol in which the rats were administered
magnesium lithospermate B (20 mg/kg body weight/
day) orally for 20 days before injection of glycerol.
After deprivation of water for 18 h, the rats were
injected with 50 94 glycerol into the muscles of the
rear limbs at 10 ml/kg body weight, and urine speci-
mens were collected for 1-2 days thereafter. The rats
were given magnesium lithospermate B continually
per os for 2 days after glycerol injection, then sa-
crificed by decapitation to obtain their blood (experi-
ment 1). In experiment 2, after deprivation of water
for 6 or 12 h, rats received an intramuscular injection
of 50 9% glycerol into a hind limb, and magnesium
lithospermate B (10 or 20 mg/kg body weight/day)
was administered intraperitoneally once every 8 h for
2 days. Urine specimens were collected for 1-2 days
after glycerol injection. After urine sampling, the rats
were sacrificed by decapitation to obtain their blood.
Analyses : Urea nitrogen and creatinine (Cr) were
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determined using commercial reagents (BUN Kainos
and CRE-EN Kainos obtained from Kainos Labora-
tories, Inc., Tokyo, Japan). Sodium (Na) was mea-
sured with an electrolyte analyzer (AHS/Japan Cor-
poration, Tokyo, Japan) using a hydrogen electrodefﬂ
Osmolarity was measured with an osmometer (OSA-
21 ; Nikkiso Co. Ltd., Tokyo, Japan) using the cryos-
copic method. Glucose was determined using the
method of Momose ef al."” The creatinine clearance
(Ccr) was calculated on the basis of urinary Cr, serum
Cr, urine volume and body weight, and fractional
excretion of sodium (FENa) was calculated on the
basis of urinary Na, serum Na, urinary Cr and serum
Cr, using the equation shown below.
Ccr (ml/kg body weight/min) = {urinary Cr (mg/
dl) X urine volume (ml)/serum Cr (mg/
dl) } X {1,000/body weight (g) } X {1/1,440
(min) }
FENa (%) = (urinary Na/serum Na) / (urinary
Cr/serum Cr) X100
Statistics : Statistical analysis was performed by
Dunnett’s test.

Results

The results of experiment 1 are summarized in
Table I. The blood urea nitrogen level of normal rats
was 18.3 mg/dl ; whereas in glycerol-induced acute
renal failure it increased significantly to about 13.7
times the normal value. The serum Cr, FENa and uri-
nary glucose levels were also increased to 17.0, 35.3
and 5.0 times the normal ones, respectively, while Cer

and urine osmolarity were decreased by 99 % and
71 % of the respective levels in normal rats. Adminis-
tration of magnesium lithospermate B caused a 74 %
increase in Ccr from 0.057 to 0.099 ml/kg body weight/
min. Oral administration of magnesium lithospermate
B before injection of glycerol also increased the urine
osmolarity of rats with renal failure. Although the
urine volume was also increased to some extent in the
magnesium lithospermate B group, the change was
relatively slight. On the other hand, FENa fell from
20.83 to 12.52 % (a 40 9% change) and urinary glucose
from 135.9 to 97.2 mg/day (a 28 % change).

Table II shows the results obtained from experi-
ment 2. In rats deprived of water for 6 h, the blood
urea nitrogen level increased to reach 32.6 mg/dl in
the controls, whereas the corresponding values for the
rats given 10 and 20 mg of magnesium lithospermate
B were decreased to 17.1 and 16.3 mg/dl, respectively.
The Cr value was also lowered significantly in rats
given magnesium lithospermate B. Although the urine
volume change showed no significant differences
between the control and magnesium lithospermate
B-treated groups, the Ccr value was evidently in-
creased from 3.59 to 4.60 ml/kg body weight/min at
the 10-mg level (a 28 % change, p <0.05) and from
3.59 to 4.98 ml/kg body weight/min at the 20-mg level
{a 399% change, p<0.01). Similarly, the urine os-
molarity in rats given the agent orally at 10 mg
showed a significant increase from 763 to 918 mOsm/
1 (a 20 % change, p<0.01). A further increase in the
dose to 20 mg produced a further increase of the urine
osmolarity to a level 23 9§ higher than in control rats,

Table I Biological parameters in rats with glycerol-induced acute renal failure,
including those given magnesium lithospermate B.

Parameter Normal Control Magnesium lithospermate B
20 mg

Blood urea nitrogen, mg/dl 18.3+1.6 251.5+15.9** 254.4%16.0**

s-Cr, mg/dl 0.38+0.02 6.46+0.07** 5.91+0.38**

Urine volume, ml/day 21.1£1.8 16.1£3.6 22.6+4.2

Ccr, ml/kg B.W_/min 5.56+:0.48 0.057%0.009** 0.099+0.014***

FENA, % 0.59+0.05 20.83+4.18* 12.52£2.53*

Urine osmolarity, mOsm/!] 1198+90 347+24** 427+25%**

Urinary glucose, mg/day 27.3+1.4 135.9+13.7** 97.249.5**s

Statistical significance : *p <0.05, **p <0.001 vs. normal rats, #p <0.05 vs. control rats

with renal failure.
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Table II Biological parameters in rats with glycerol-induced acute renal failure,

including those given magnesium lithospermate B.

Parameter Control Magnesium lithospermate B
10 mg 20 mg

Deprivation of water for 6 h
Blood urea nitrogen, mg/dl 32.6+3.2 17.1x£0.7° 16.3+1.1°
s-Cr, mg/dl 0.57+0.05 0.43+0.02° 0.38-+0.01°
Urine volume, ml/day 34.8+2.8 33.1+1.2 28.4+2.4
Cer, ml/kg B.W./min 3.59+0.27 4.60+0.21* 4.98+0.21°
FENa, % 2.431+0.38 1.14+0.17° 0.96+0.10°
Urine osmolarity, mOsm/1 76332 918 +20° 940 £56°

Deprivation of water for 12 h
Blood urea nitrogen, mg/dl 77.94£9.7 54.8+4.6 44.6+2.2°
s-Cr, mg/dl 1.68+0.28 1.11+0.18 0.91+0.047
Urine volume, ml/day 18.8+1.6 19.1x2.2 24.9£2.1*
Cer, ml/kg B.W./min 1.58+0.35 2.48+0.33 4.41£0.33°
FENa, % 3.07£0.51 1.49+0.27° 1.04+0.10°
Urine osmolarity, mOsm/] 60763 863+ 26° 874+ 62°

Statistical significance : 2p <0.05, ®p <0.01, ¢» <0.001 vs. control rats with renal failure.

whereas FENa was decreased significantly at either
the 10- or 20-mg dosage level, as shown in Table II.

When rats were deprived of water for 12 h, the
blood urea nitrogen level in controls was 77.9 mg/dl,
whereas it was 54.8 mg/dl in rats given magnesium
lithospermate B at 10 mg/kg body weight/day. A
further increase in the dose to 20 mg produced a
further decrease in the blood urea nitrogen level to 44.6
mg/dl (Table II). The Cr level in the renal failure
control group was 1.68 mg/dl, and this was reduced to
1.11 mg/d! in the rats given magnesium lithospermate
B at 10 mg/ kg body weight / day. Although this
decrease was not statistically significant, a significant
decrease to 0.91 mg/dl was achieved in the 20 mg
group. On the other hand, urine output in control rats
with renal failure was 18.8 ml/day, and in rats given
20 mg of magnesium lithospermate B, this increased
significantly to approximately 32 9% of the control
value. The Ccr and urine osmolarity in rats given 10
mg of magnesium lithospermate B were also in-
creased to 1.57 and 1.42 times the level in control rats,
respectively, while FENa was decreased by 51 %.
These effects were more prominent in rats given 20
mg of the compound than in those given 10 mg.

Discussion

Hypertonic glycerol-induced myoglobinuric acute
renal failure is a widely applied and well character-
ized model of experimental acute renal failure. The
disease which follows intramuscular injection of
glycerol in the rat mimics the acute renal failure seen
in crush syndrome in humans, because its primary
cause and renal histological consequences such as
tubule injury are similar to those seen clinically.m' 20

In the rat model of glycerol-induced acute renal
failure, it is generally considered that the degree of
renal failure maximally correlates with the duration
of dehydration. The more rigorous the dehydration,
the more severe the effect on renal function. Thiel ef
al.,mHishida et al”” and Ishikawaw reported that in
the rat, the degree of dehydration appeared to be a
risk factor for the development of glycerol-induced
acute renal failure. If previous dehydration had occur-
red, the reduction of renal blood flow and vasocon-
striction after glycerol injection were more severe and
prolonged. Similar results were obtained in our pres-
ent study in rats injected with glycerol. As shown in
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Tables I and II, a further increase in the time of
dehydration produced a further increase in urea nitro-
gen and Cr in blood and a decrease of Ccr. Further-
more, the rats which underwent more severe dehydra-
tion exhibited more evident reduction of urine volume
and urinary osmolarity. On the other hand, increases
of FENa and urinary glucose were observed in the rats
injected with glycerol. Thus, the findings of the pres-
ent study indicated that alterations of renal parame-
ters in rats injected with glycerol were closely cor-
related with the period of dehydration.

Because of the high morbidity of acute renal
failure, and its potentially serious consequences, pro-
phylactic therapy is of high importance. Preventive
administration of traditional Chinese medicine which
improves blood circulation and relieves blood stasis is
empirically considered to decrease the incidence or
severity of acute renal failure. Therefore, in the pres-
ent study, we evaluated the protective effect of mag-
nesium lithospermate B, an active component of Dan
Shen, which is a representative agent among a group
of traditional medicines used for improving blood flow
and removing sticky blood,24 20 against acute renal
failure induced by glycerol in rats. Although the rats
showed more severe renal dysfunction following more
rigorous dehydration (deprivation of water for 18 h),
the present data demonstrated that oral administra-
tion of magnesium lithospermate B prior to glycerol
injection was highly effective in improving glomerular
and renal tubular function. As shown in Table I, the
serum Cr level tended to decrease upon pretreatment
with magnesium lithospermate B in comparison with
the corresponding control value. In contrast, Ccr, an
effective index of the glomerular filtration rate, was
evidently increased in comparison with the control.
Urinary glucose was significantly and markedly
decreased by oral administration of magnesium litho-
spermate B prior to injection of glycerol. Similarly,
magnesium lithospermate B significantly increased
urinary osmolarity of rats with acute renal failure
induced by glycerol injection in comparison with the
corresponding control values, showing excellent pro-
tection of renal function.

In a previous study, we found that magnesium
lithospermate B inhibits the progression of renal fail-
ure when administered either intraperitoneally or

orally, resulting in improvement of renal blood flow
8 12,14)

and function, and relief from uremia. The pres-
ent data also indicated that the markedly reduced Ccr
and increased blood urea nitrogen and serum Cr
related to progression of renal failure were signifi-
cantly improved by intraperitoneal administration of
magnesium lithospermate B, as shown in Table II.
Although rats subjected to more severe dehydration
showed more evident reduction of urine volume and
osmolarity, the therapeutic action of magnesium litho-
spermate B was the same, irrespective of whether
water was withheld for 6 or 12 h. Urine volume and
urinary osmolarity were significantly increased in
comparison with control values. However, the
increase of urine volume in rats deprived of water for
6 h, similar to the polyuria stage of acute renal failure
seen clinically, was reversed by intraperitoneal admin-
istration of magnesium lithospermate B, displaying a
bimodal action on tubule function. Moreover, the
increases in FENa and urinary glucose following injec-
tion of glycerol with various periods of dehydration
were similarly inhibited by the active component iso-
lated from Salviae Miltiorrhizae Radix, reflecting
amelioration of renal failure (Table II). Not only oral
administration of magnesium lithospermate B prior to
injection of glycerol, but also intraperitoneal adminis-
tration of this compound, produced renal protective
effects. However, its effects on various parameters of
renal function might be connected with the period of
dehydration.

Renal vasoconstriction is suspected to play a
major role in the pathogenesis of this model of acute
renal failure, which is characterized by a considerable
reduction in renal blood flow and the glomerular
filtration rate’” *” This rapid vasoconstriction appears
to include both preglomerular and postglomerular
arterioles and leads to severe renal parenchymal is
chemia.”” Most importantly, this reduction in renal
blood flow is correlated with the severity of renal
failure. Tubular ischemia with glomerular lesions also
suggests postglomerular vasoconstriction, since the
tubular vascularization arises from the glomerular
efferent arteriole.”” The sequelae of tubular ischemia
may be responsible for proximal and distal duct
dysfunction. These include intratubular obstruction
due to casts, cellular debris caused by extensive ne-
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crosis of the epithelial cells of the proximal convolut-
ed tubules, a decrease in Na and glucose reabsorption
in the thick ascending limb of Henle associated with a
decrease in Na and glucose absorption in the proximal
tubules, since ischemic injury of the kidney disturbs
the integrity of the epithelial cytoskeleton in the
proximal tubules, and the inability of the kidney to
regulate the excretion of free water and to concen-
trate the glomerular filtrate due to changes in inner
medullary anatomy and medullary blood flow follow-
ing postglomerular vasoconstriction.”’

The mechanism of myoglobin-induced vasocon-
striction has been widely and extensively investigated.
Studies by Oken et al”” and Flamenbaum et al.*™
attempted to evaluate whether the renin-angiotensin
system plays a role in the genesis of myoglobinuric
acute renal failure, but failed to reveal any evidence of
efficacy. On the other hand, Michielo et al™ and
Wardle ™ evaluated the role of prostaglandins in the
regulation of renal hemodynamics in rats administer-
ed glycerol, and showed that a deficiency of renal
prostaglandin production is responsible for the result-
ing acute renal failure. Prostaglandin E, has a
vasodilative effect and is cytoprotective for tubule
cells, and thus would help to protect the vascular
endothelium. This effect of magnesium lithospermate
B on renal failure is consistent with our previous
finding that prostaglandin E, was increased by magne-
sium lithospermate B, thus attenuating the severity of
adenine-induced renal failure.”” The results of the
present study as well as those of previous research,
which showed rapid improvement of renal
hemodynamics 6 h after administration of magnesium
lithospermate B,8'9>imp1y that activation and acceler-
ation of prostaglandin E, are probably involved in the
action of magnesium lithosperméte B.

From the present experimental evidence, we con-
clude that magnesium lithospermate B has a conspicu-
ously protective action in rats injured by nephrotoxic
agents and comprehensively improves renal function
in rats with acute renal failure, not only the glomeruli
but also the renal tubules. It is expected that magne-
sium lithospermate B would have broad applications
in areas covered by a variety of medicines, including
low-dose dopamine, trichlormethiazide, furosemide,
ATP—MgClz, calcium channel blockers and amino

acid infusion, which have already been tried for treat-
ment of ischemic and nephrotoxic acute renal failure,
but which have been either ineffective or offered only
partial relief.” In addition, magnesium lithospermate
B produced no side effects, even when the compound
was administered repeatedly. An acute toxicity study
of oral magnesium lithospermate B in terms of LDs,
by the up and down method showed that it was very
safe (> 3,000 mg/kg in 6-week-old male ddy mice
weighing 31-35 g).w In contrast, furosemide and tri-
chlormethiazide caused several abnormalities of
serum parameters, particularly electrolyte distur-
bance and an increase of serum glutamate
oxaloacetate transaminase and blood urea nitrogen,

when administered repeatedly.” *”

Thus, magnesium
lithospermate B may have some advantages over
other therapeutic agents in ameliorating the renal
damage in glycerol-treated rats.

In summary, a dramatic improvement of renal
function, and amelioration of electrolyte disturbance
and renal damage (tubular necrosis) were observed in
rats with glycerol - induced acute renal failure
pretreated and treated with magnesium lithospermate
B. This shows that the compound may be a useful
therapeutic medicine for acute renal failure. However,
the exact mechanism of action of magnesium litho-
spermate B is still unclear, and more detailed clarifi-
cation of these experimental phenomena is desirable.
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