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JOURNAL OF APPLIED TOXICOLOGY, VOL. 8(1), 43-52 (1988) 

Comparative Studies on Nephrotoxic Effects of 
Tris (2,3-Dibromopropyl) Phosphate and Bis (2,3- 
Dibromopropy!) Phosphate on Rat Urinary 
Metabolites 

Masamichi Fukuokajy and Terue Takahashi 
Division of Medical Chemistry, National Institute of Hygienic Sciences, Kamiyoga-1-chome, Setagayaku, Tokyo 158, 
Japan 

Katsushi Naito and Koichi Takada 
Division of Toxicology, Biological Safety Research Center, National Institute of Hygienic Sciences 

Key words: Tris (2,3,-dibromopropyl) phosphate; bis (2,3-dibromopropyl) phosphate; flame retardant; urinary 
metabolite; glucose; lactate; citrate; urinary enzymes; lactate dehydrogenase isoenzymes. 

The mechanism of Tris-BP or Bis-BP (a metabolite of Tris-BP) induced nephrotoxicity was investigated by 

determining urinary excretion of enzymes and selected metabolites. Rats received single oral doses of 0, 71.7, 

143.4 and 286.8 ymol/kg tris (2,3-dibromopropyl) phosphate (Tris-BP) or bis (2,3-dibromopropyl) phosphate 

(Bis-BP). Urine was collected over a 24h period and subjected to biochemical examinations. Comparative 

studies on Tris-BP- and Bis-BP-induced nephrotoxicities were carried out for abnormal patterns of urinary 

excretion. The urinary excretion of glucose was higher in Bis-BP than Tris-BP at a dose of 143.4 pmol/kg, 

but this pattern reversed at a dose of 286.8 jxmol/kg. Peak lactate excretion occurred later than peak glucose 

excretion with 143.4 and 286.8 mol/kg Tris BP and 143.4 pmol/kg Bis-BP. Bis-BP 286.8 mol/kg caused a 

transient urinary elevation of lactate on Day 2. Uric acid was excreted at higher levels for Bis-BP than Tris- 

BP on day 2 of urine collection. Activities of urinary enzymes including alkaline phosphatase, aspartate 

aminotransferase and ‘y-glutamyltransferase, were different on the first day of post-treatment for Tris-BP and 

Bis-BP. Leucine aminopeptidase and lactate dehydrogenase levels differed on the second day. Activities of the 

former enzymes on the day 2 urine suggested a transformation of Tris-BP to Bis-BP. Urinary patterns of 

lactate dehydrogenase isoenzymes (LDH-1—LDH-5) were different between Tris-BP and Bis-BP when rats were 

treated with the dose of 286.8 mol/kg: Tris-BP caused a higher excretion of LDH-4 and LDH-S in urine on 

day 1 and all five isoenzymes into the day 2 urine. Bis-BP caused slightly higher excretion of LDH-5 and 

LDH-4 into the day 1 and 3 urine, respectively. Bis-BP but not Tris-BP caused abnormally urinary excretion 

of sodium ion. Histopathologically, the nephrotoxic effect of Tris-BP appeared one day later and was more 

INTRODUCTION 

Tris (2,3-dibromopropyl) phosphate (Tris-BP) and Bis 
(2,3-dibromopropyl) phosphate (Bis-BP) are flame 
retardants that have been used extensively by the 
clothing industry. In 1977, Tris-BP-production was 
discontinued because of concerns that the chemical 
may be mutagenic and carcinogenic.' In 1981, Bis- 
BP, a metabolite of Tris-BP, was prohibited for use 

on household products such as carpets, sleepwear and 
mattresses in Japan.* Recently, Bis-BP, in equimolar 
doses, caused polyuria with higher elevation of the 
serum creatinine and greater depression of para- 
aminohippurate and N-methylnicotinamide uptakes 
than did Tris-BP on i.v. and i.p. administration to 
rats.*> Therefore, Bis-BP may mediate the nephrotox- 
icity associated with Tris-BP.*° 

+Author to whom correspondence should be addressed. 

0260-437X/88/010043-10$05.00 
© 1988 by John Wiley & Sons, Ltd. 

obvious than that of Bis-BP in rats after single oral administration. 

In a previous paper,° we reported that oral adminis- 
tration of 286.8 .mol/kg Tris-BP caused renal necrosis 
and high urinary excretion of lactate, glucose and 
enzymes. We also observed that Tris-BP caused a slight 
difference in the urinary excretion of citrate and uric 
acid. 

This study was designed to clarify the mechanism of 
Tris-BP-induced nephrotoxicity in rats by determining 
urinary excretions of enzymes and metabolites com- 
pared with the toxic effect of Bis-BP, a metabolite of 
Tris-BP. 

EXPERIMENTAL 

Materials 

Tris-BP and Bis-BP had a purity of 98% and were 
supplied by Daihachi Chemical Industries Ltd., 
Ohsaka, Japan. Citric acid, L-lactic acid and uric acid 
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reagents were 99.9% pure and purchased from Waka 
Pure Chemical Ind. Ltd., Tokyo, Japan. 

Animal, dose, and sample collection 

Since the nephrotoxic effect by Tris-BP was more 
obvious for male than female rats? and most investi- 
gations have been carried out on male rats,* male 
rats were used in our experiment. Adult male Wistar 
rats (weight range, 140-150 g) were obtained from 
Nippon Bio-supp. Center, Tokyo and were acclimated 
to laboratory conditions for 3 weeks. Rats (weight 
range, 220-230 g) were fasted for 18h prior to use. 
Forty-eight rats were divided into two experiments, 
Exp. A (seven groups of three animals/group) and 
Exp. B (three groups of nine animals/group). Rats 
were given Tris-BP or Bis-BP at single oral doses of 
0, 71.7, 143.4 and 286.8 pmol/kg BW (0 and 
286.8 pmol/kg for Exp.B), in olive oil. In order to 
minimize the effect of circadian rhythm, dosing was 
done at the same time of day. Control rats were treated 
with olive oil (1.0 ml/rat) as a vehicle. The volume and 
PH of the 24 h urine samples were recorded for 7 days 
in Exp. A (but 3 days in the Exp.B). The urine samples 
were subjected to biochemical assays. All rats were 
kept in individual metabolic cages. 

Biochemical assays 

Creatinine in the blood, glucose and uric acid in the 

urine, and the activities of urinary enzymes including 
alanine aminopeptidase (GPT), alkaline phosphatase 
(ALP), aspartate aminotransferase (GOT), y-glutamyl 
transferase (y-GTP), leucine aminopeptidase (LAP), 
and lactate dehydrogenase (LDH), were determined 
by using commercially available assay kits on an 
Electro-Nucleonics centrifugal analyzer Model Gemsac 
IV, Fairfield, USA. Sodium and potassium were 

determined on a Hitachi Atomic Absorption Spectro- 
photometer Model 170-50 (Hitachi, Tokyo) at 589.5 
and 765.8 nm, respectively. Lactic and citric acids were 

. assayed according to the procedure of Barker and 
Summerson,’ and by the McArdle modification of 

the pentabromoacetone method,* respectively. The 
amount of lactic and citric acids were calculated from 
calibration curves read on a Hitachi UV spectrometer 
Model 200-20 (Hitachi, Tokyo) at 560 and 500 nm, 
respectively. The curves were obtained from the pure 
acid (1, 5,10 and 20 yg) dissolved in water. 

Kidney histopathology 

Since Tris-BP was proved not to cause renal tubular 
necrosis and enzymuria at doses of 71.7 and 143.4 ,.mol/ 
kg®, histopathological examination was carried out only 
at a dose of 286.8 ymol/kg, in order to relate tubular 

necrosis with release of metabolic fuels and enzymes, 
including the LDH isoenzymes, from the kidney into 
the urine. Rats were killed by decapitation on days 1, 
2, 3, and 7. The kidneys were weighed within 1 min 
of removal and the left kidney was fixed in 10% neutral 
buffered formalin and embedded in paraffin. Sections 
of the kidney were stained with hematoxylin—eosin, or 
with PAS and aldehyde-fuchsin as occasion demands. 

M. FUKUOKA ET AL 

The right kidney was homogenized with 5 vol of 0.25 M 
sucrose and centrifuged at 10000 g for 10 min. The 
supernatant was subjected to the separation of LDH- 
isoenzymes as described below. 

Separation of lactate dehydrogenase isoenzymes 

The urine (1-2 pl) was loaded onto cellulose acetate 
plates (76 x 60 mm, Titan III-LIPO, Helena Labora- 
tories, Beaumont, Texas) and the LDH isoenzymes 

were separated by electrophoresis in 0.05 M 
Tris—barbital buffer (pH 8.8) for 40 min at 4°C at a 
constant current of 5 mA/cm. Bands were made visible 
by incubating the plates at 37°C for 60 min with LDH 
isoenzymes test kit reagent (Helena Laboratories). 
Relative isoenzyme activity was obtained from the total 
LDH activity in the urine by using a Gelman DCD-16 
densitometry (Gelman Sciences Inc., Michigan) at 
570 nm. The total activity was determined by using an 
assay kit of LDH-UV Test (Wako Pure Chemical 
Industries Ltd., Tokyo). 

Statistical analysis 

Statistical analysis was carried out according to the 
guide.’ Analyses of biochemical data were evaluated 
by using Bertlett’s test for homogeneity of variances, 
analysis of variance (ANOVA) and Dunnett type mean 
rank test. 

RESULTS 

Urine volume 

Tris-BP induced a greater degree of polyuria than did 
Bis-BP on Days 1, 2 and 3 at doses of 143.4 and 
286.8 mol, but Tris-BP induced a polyuria similar to 

Bis-BP at a dose of 71.7 pmol (Fig. 1). Bis-BP treated 
animals showed a trend of anuria from Day 4 at the 
dose of 286.8 pmol. 

Biochemical examination 

Levels of serum creatinine were 0.45 + 0.4 mg/dl for 
control rats, 0.96 + 0.15 mg/dl (P < 0.05) at 24h, 
1.17+ 0.21 mg/dl (P<0.01) at 48h and 
1.63 + 0.30 mg/dl (P < 0.01) at 72 h for rats treated 
with Tris-BP at the dose of 286.8 pmol/kg, and 
0.57 + 0.08 mg/dl at 24h, 0.53 + 0.05 mg/dl at 48h 
and 0.54 + 0.09 mg/dl at 72 h for Bis-BP at 286.8 mol/ 
kg. Tris-BP did not cause an abnormal urinary excretion 
of potassium and sodium beyond the range of controls 
(2.64 + 0.72 and 4.32 + 0.70 meq/day, respectively). 
However, Bis-BP caused an excretion of K (6.07 + 0.62 

meq/day) and a 3.8-fold increase in excretion of Na 
(16.42 + 0.75 meq/day) (P < 0.05) on Day 2. Tris- 
and Bis-BP did not significantly elevate urinary levels 
of citrate beyond those of the control (7.9 + 1.3 mg/ 
day). 

The excretions of lactate, uric acid, glucose and 
enzymes, ALP, GOT, GPT, y-GTP, LAP and LDH, 

were significantly elevated in the urine of rats treated 
with Tris-BP or Bis-BP (Figs. 2-10). Urinary levels of 

|__| 



TRIS-BP AND BIS-BP EFFECTS IN RATS 

71.7 umole/kg Tris-BP 

71.7 umole/kg Bis-BP 

143.4 umole/kg Tris-BP 

-fold 143.4 umole/kg Bis-BP 

RQ 286.8 umole/kg Tris-BP 

286.8 ymole/kg Bis-BP 

Figure 1. Urine volumes of rats at various time after single dosing with Tris-BP and Bis-BP at 
71.7, 143.4 and 286.8 pmol/kg, respectively. *Urine volumes of the control rats are obtained 
from three rats for 7 days and a mean volume is 17.8 + 1.31 (S.D.) mi/day. "Results show a 

multifold increase in excretory volume over the control mean values. °#: P < 0.05 and *: 
P< 0.01 compared with its respective control, Dunnett type mean rank test.° 
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143.4 wmole/kg Bis-BP 
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Figure 2. Urinary levels of lactate at various times after single dosing with Tris-BP and Bis- 
BP at 71.7, 143.4 and 286.8 ,pmol/kg, respectively. ?Control mean levels of urinary lactate were 
obtained from three control rats for 7 days: 1.5+ 0.3 (S.D.) mg/day. »Since the dose of 
71.7 pwmol/kg did not cause abnormal urinary levels of lactate beyond the range of the controls, 
the results are eliminated. “Results show a multifold increase in excretory lactate over the 

control mean values. ?#: P < 0.05 and *: P < 0.01 compared with its respective control, 
Dunnett type mean rank test. 

lactate and uric acid showed no significant difference 2 and Day 5 or 6 (Fig. 3). Glucose excretion was 
between controls and rats treated with a dose of greater with Bis-BP than with Tris-BP at a dose of 
71.7 pmol/kg. At a dose of 143.4 pmol/kg, Tris-BP 143.4 pmol/kg but reversed at 286.8 pmol/kg (Fig. 4). 
gave a peak lactate excretion on Day 6, 1 day later Transient urinary excretion of ALP, y-GTP, GPT, 
than Bis-BP. At a dose of 286.8 pmol/kg, Tris-BP GOT, LAP, and LDH were greater for Tris-BP than 
caused an abnormally prolonged excretion of lactate for Bis-BP at the dose of 286.8 wmol/kg (Figs. 5-10). 
but Bis-BP gave a transient peak on Day 2. Both Tris- Tris-BP treatment differed from Bis-BP in the urinary 
and Bis-BP gave two peaks of uric acid excretion; Day excretion patterns and activities of ALP, y-GTP, GOT, 
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III 

143.4 umole/kg Tris-BP 

143.4 wmole/kg Bis-BP 

286.8 umole/kg Tris-BP 

286.8 wmole/kg Bis-BP 

Figure 3. Urinary levels of uric acid at various time after single dosing with Tris-BP and Bis-BP at 71.7, 
143.4 and 286.8 wmol/kg, respectively. *Control mean levels of urinary uric acid were obtained from 
three control rats for 7 days: 1.3 + 0.2 (S.D.) mg/day. "Since the dose of 71.7 wmol/kg did not cause 
abnormal urinary levels of uric acid beyond the range of the controls, the results are eliminated. <A kit 
used for uric acid assay is Boehringer Mannheim Uric acid-uricase test. “Results show a multifold 

increase in excretory uric acid over the control mean values. °#: P< 0.05 and *: P< 0.01 compared 
with its respective control, Dunnett type mean rank test.° 

-fold 

AL 

E 143.4 ymole/kg Tris-BP 

143.4 ymole/kg Bis-BP 

RY 286.8 umole/kg Tris-BP 

286.8 ymole/kg Bis-BP 

7 Days 

Figure 4. Urinary levels of glucose at various time after single dosing with Tris-BP 
and Bis-BP at 71.7, 143.4 and 286.8 pmol/kg, respectively. ?Control mean levels of 
urinary glucose were obtained from three contro! rats for 7 days: 1.9 + 0.6 (+S.D.) 
mg/day. »Since the dose of 71.7 wmol/kg did not cause abnormal urinary levels of 
glucose beyond the range of the controls, the results are eliminated. °A kit used for 
glucose assay is Boehringer Mannheim Autopack A glucose. “Results show a multifold 

increase in excretory glucose over the control mean values. °#: P< 0.05 and 
*: P< 0.01 compared with its respective control, Dunnett type mean rank test.°® 

LAP and LDH on Day 1. Tris-BP treatment was 
similar to Bis-BP in the activities of ALP and y-GTP 
on Day 2. GOT activity due to Tris-BP on Day 2 
corresponded to that due to Bis-BP on Day 1. LAP 
and LDH activities due to Tris-BP at the dose of 
286.8 »mol/kg corresponded to those due to Bis-BP at 
a dose of 573.6 ymol/kg (unpublished observation). 

Kidney histopathology 

The results are shown in Table 1: On Day 1 Tris- 
BP caused an acute tubular lesion characterized by 
pyknosis of the tubular epithelial cells in the outer 
medulla, but not in the cortex (Fig. 11). Severe tubular 
necrosis and desquamation were observed in 2/3 rats 

on day 2 (Fig. 12). On Day 3 severe tubular necrosis, 
desquamation and cells with large nuclei were noted 
in all rats. Regeneration of the cells in 1/3 rats was 
also noted (Fig. 13). On Day 2 Bis-BP produced less 
necrosis and desquamation of the tubular epithelial 
cells than did Tris-BP. 

LDH-isoenzyme pattern 

Results of LDH-isoenzyme activities are shown in 
Tables 2 and 3. Tris-BP slightly reduced LDH-5 
activity in the kidney, significantly elevated the urinary 
excretion of LDH-4 and LDH-S on Day 1, and caused 
the highest excretion of the five LDH isoenzymes on 
Day 2. Bis-BP caused an elevated excretion of LDH- 
5 on Day 1. 
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71.7 umole/kg Tris-BP 

71.7 umole/kg Bis-BP 

E5 143.4 umole/kg Tris-BP 
-fold 

40 143.4 umole/kg Bis-BP 

30 | RQ 286.8 ymole/kg Tris-BP 

286.8 umole/kg Bis-BP 

Figure 5. Urinary activity of ALP at various time after single dosing with Tris-BP 
and Bis-BP at 71.7, 143.4 and 286.8 .mol/kg, respectively. ?Control mean activities 
of urinary ALP were obtained from three control rats for 7 days: 3259.2 + 1120.3 
(S.D.) mU/day. °A kit used for ALP assay is Wako Alkaline phosphatase B-AR II. 
*Results show a multifold increase in excretory ALP over the control mean values. 

P< 0.01 compared with its respective control, Dunnett type mean rank test.® 

143.4 umole/kg Tris-BP 

143.4 umole/kg Bis-BP 

286.8 umole/kg Tris-BP 

286.8 umole/kg Bis-BP 

KN 

3 4 5 6 ” days 
Figure 6. Urinary activity of y-GTP at various time after single dosing with Tris- 
BP and Bis-BP at 71.7, 143.4 and 286.8 pmol/kg, respectively. *Control mean 

activities of urinary y-GTP were obtained from three control rats for 7 days: 
7488.2 + 3614.4 (S.D.) mU/day. "Since the dose of 71.7 umol/kg did not cause 
abnormal urinary activities of y-GTP beyond the range of the controls, the results 
are eliminated. °A kit used for y-GTP assay is Boehringer Mannheim y-GT. ?Results 
show a multifold increase in excretory y-GTP over the control mean values. 
e*: P< 0.01 compared with its respective control, Dunnett type mean rank test.° 

damage characterized by increased membrane per- 
meability. Excretion of significant levels of organelle- 
linked enzymes indicates a severe damage accounting 
for the necrosis of the nephronic structure. In the 

DISCUSSION 

Administration of Tris-BP to rats is known to cause 

proximal tubular damage and acute renal failure with 
elevation of the serum creatinine and urea and with 
depression of organic anion and cation transport.*-° It 
is known'® that reabsorption of glucose and organic 
anions such as citrate and lactate is maintained across 
the brush border membrane by the sodium cotransport 
system and recent studies demonstrate that sodium 
urate is extensively reabsorbed in the proximal tubule.'' 
In acute tubular nephropathy induced by toxic or 
ischemic injury, the prevailing theory'?:'* states that 
excretion of cytoplasmic enzymes indicates a low 

present experiments, both Tris-BP and Bis-BP caused 
the excretion of metabolites and enzymes related to 
renal tubular necrosis and desquamation. However, 
there were some differences in the nephrotoxicity 
produced. Tris-BP caused a more obvious histopatho- 
logical tubular lesion with more severe necrosis and 
desquamation in the tubular cells of the outer medullar 
on Day 3; 1 day later than Bis-BP. Also, the most 
severe changes induced by Tris-BP were noted 1 day 
later than the peak urinary excretion of glucose, uric 
acid and all the enzymes examined. On the other 
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71.7 umole/kg Tris-BP 

71.7 umole/kg Bis-BP 

143.4 umole/kg Tris-BP 

143.4 ymole/kg Bis-BP 

RQ 286.8 umole/kg Tris-BP 

286.8 umole/kg Bis-BP 

(44444 ALAA KX 

Figure 7. Urinary activity of GPT at various time after single dosing with Tris-BP and 
Bis-BP at 71.7, 143.4 and 286.8 .mol/kg, respectively. Control mean activities of urinary 
GPT were obtained from three control rats for 7 days: 1360.8 + 162.4 (S.D.) mU/day. 
>A kit used for GPT assay is Smithkleine S-GPT.°Results show a multifold increase in 

excretory GPT over the control mean values. 4#: P< 0.05 and *: P< 0.01 compared 

with its respective control, Dunnett type mean rank test.° 

71.7 wmole/kg Tris-BP 

YA 71.7 wmole/kg Bis-BP 

143.4 umole/kg Tris-BP 

143.4 umole/kg Bis-BP 

RY 286.8 umole/kg Tris-BP 

286.8 umole/kg Bis-BP 

AAAS 

2 3 4 5 6 7 pays. 

Figure 8. Urinary activity of GOT at various time after single dosing with Tris-BP 
and Bis-BP at 71.7, 143.4 and 286.8 pmol/kg, respectively. *Control mean activities 

of urinary GOT were obtained from three control rats for 7 days: 645.6 + 134.4 
(S.D.) mU/day. °A kit used for GOT assay is Smithkleine S-GOT. Results show a 
multifold increase in excretory GOT over the control mean values. “#: P < 0.05 
and *: P< 0.01 compared with its respective control, Dunnett type mean rank 
test.® 

hand, Bis-BP caused histopathological changes which like ALP, y-GTP and GOT suggest that the nephrotoxic 
coincided with the excretion peaks (except for GOT) effect of Tris-BP might be metabolized to Bis-BP 
on Day 2. Both Tris-BP and Bis-BP produced similar mediating the nephrotoxicity associated with Tris-BP 
excretion patterns of uric acid and GPT (cytoplasmic from Day 2. 
enzyme), but different patterns for lactate, glucose, It is known that the major energy-producing process 
ALP, y-GTP, GOT, LAP and LDH. The excretory in the kidney is provided primarily by oxidation of 
patterns and activities of the organelle-linked enzymes metabolic fuels by the tubular cells. '*"'° Citrate, glucose 
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143.4 umole/kg Tris-BP 

143.4 umole/kg Bis-BP 

RY 286.8 umole/kg Tris-BP 

286.8 ymole/kg Bis-BP 

7 
Days 

Figure 9. Urinary activity of LAP at various time after single dosing with Tris-BP 

and Bis-BP at 71.7, 143.4 and 286.8 .mol/kg, respectively. ?Control mean activities 
of urinary LAP were obtained from three control rats for 7 days: 379.2 + 166.6 
(S.D.) mU/day. "Since the dose of 71.7 pmol/kg did not cause abnormal urinary 
activities of LAP beyond the range of the controls, the results are eliminated. °A 
kit used for LAP assay is Wako LAP-AR II. 4Results show a multifold increase in 

excretory LAP over the control mean values. °#:P<0.05 and *: P<0.01 
compared with its respective control, Dunnett type mean rank test.° 

-fold 
80, 

629 604 

40] x2 

xX 
ras 

143.4 ymole/kg Tris-BP 

143.4 wmole/kg Bis-BP 

286.8 umole/kg Tris-BP 

286.8 umole/kg Bis-BP 

| 

Days 

Figure 10. Urinary activity of LDH at various time after single dosing with Tris-BP 
and Bis-BP at 71.7, 143.4 and 286.8 pmol/kg, respectively. ?Control mean activities 
of urinary LDH were obtained from three control rats for 7 days: 1938.7 + 754.8 
(S.D.) mU/day. "Since the dose of 71.7 pmol/kg did not cause abnorma! urinary 
activities of LDH beyond the range of the controls, the results are eliminated. °A kit 

used for LDH assay is Wako LDH-UV-Test. “Results show a multifold increase in 
excretory LDH over the control mean values. °#: P< 0.05 and *: P< 0.01 compared 
with its respective control, Dunnett type mean rank test.® 

and lactate contribute approximately 10, 20 and 30%, 
respectively, to the fuel of the kidney.'® Citrate also 
plays an important role by preventing precipitation of 
calcium in urine and kidney tissue.'’ Since we found 
that urinary output of citrate is undisturbed, Tris-BP 
or Bis-BP might not have a direct effect on the 
hypercalciuria normally associated with proximal tubu- 
lar necrosis. '* 

Lactate is metabolized to pyruvate by LDH and 
eventually to glucose in the kidney. This lactate 
metabolism may be impaired by enzymatic defects, 
tissue hypoxia or ischemia.'? The urinary excretion of 
lactate was observed as a progressive increased delay 
from the excretion peak of glucose at the doses of 
143.4 and 286.8 pmol/kg Tris-BP and of 143.4 pmol/ 
kg Bis-BP. However Bis-BP (286.8 ,mol/kg) gave a 
transient peak on Day 2, coinciding with the peak 
glucose excretion. This difference may be due to 

changes in the LDH isoenzymes. In mercurial intoxi- 
cation, significant changes of the LDH isoenzyme 
pattern have been reported in the rat. Mercury caused 
an increase of LDH-S fraction in the cortical zone”?! 
and of the LDH-1 and -2 in the inner medulla” of rat 
kidney with acute tubular necrosis, indicating decreased 
oxygen consumption.?* Mercury also caused a high 
urinary excretion of the LDH-1, -2 and -5 fractions.”° 
Tris-BP but not Bis-BP produced both of these effects: 
a loss of the LDH-S fraction from the kidney on Day 
1 and a high urinary excretion of the LDH-1 (from 
Day 2), -4 and -5 fraction from Day 1 to Day 3. 

Our data show that Tris-BP and Bis-BP might attack 
the energy-producing system in the kidney by somewhat 
different mechanisms. Tris-BP may exert a direct 
nephrotoxic effect on Day 1 or 2, partially followed 
by the action of Bis-BP. The necrotic lesion would 
explain the high urinary levels of cytosol and organelle- 
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Table 1. Incidence of histological findings of male rats administered Tris- and 

Chemicals Vehicle Tris-BP 

1st® 2nd? 3rd? 7th? 1st? 2nd? 3rd? 

No. of animals 3 3 3 3 3 3 3 

examined 

Body wt. (g) 215.3+12.9 234.0+11.4 232.0+14.2 301.6+13.2 212.7+7.3 218.7+17.9 233.3 

Kidney wt. (g) 1.76+0.19 1.85+0.14 1.92+0.05 2.30+0.04 1.85+0.15 2.01+0.07 2.322 

Kidney/Body x 10~3(8.25+0.55) (8.17+0.34) (8.08+ 1.69) (7.75+0.22) (8.72+0.77) (9.23+0.44) (10.0 

Findings of left 

kidney (Tubuli) 

necrosis _ _ ++(1),+4++(2) +++ 

swelling +(2) +(1),+(2) ++(2 

®— negative; + slight; + mild; ++ 
© were obtained from rats in Exp. A. 

marked; +++ severe, the number of animals 

Table 2. LDH-Isoenzyme activity in the urine of rats administered Tris- and B 

Days Chemicals Urine vol. 

Vehicle 

Tris-BP 

Bis-BP 

Vehicle 

Tris-BP 

Bis-BP 

Vehicle 

Tris-BP 

Bis-BP WWW 

ml 

8.2+1.9 

6.7+3.0 

10.2+0.6 

9.0+2.1 
43.2+1.3 
17.8+1.1 

8.3+2.4 
39.5+5.1 
17.8+6.2 

L 

Total activity LDH-1 

1996.3+739.6 577.9+213.5 

11873.7+2204.1** 650.2+466.7 

5789.4+1015.5*  550.3+184.0 

2064.0+842.6 639.8+304.8 

154643.4+9948.5* 48292.4+9513.2* 

3284.2+796.4 1153.7+ 184.3 

1641.0+200.0 372.3+35.3 
24590.3+9907.5* 7145.3+2817.8** 
2467.9+797.7 638.9+240.2 

LDH-2 

265.8+77.9 
399.9+336.0 
281.5+42.8 

286.7+118.4 

23374.6+57! 

424.8+ 199.9 

209.1+ 130.5 
1292.6+967. 
142.0+10.4 

2*: P< 0.05 and **: P< 0.01 compared with its respective control, Dunnett type 

a 

= 

> 

a 

= 



OS 
nd Bis-(2,3-dibromopropy!)phosphate 

Bis-BP 

7th? 1st? 2nd? 3rd? 7th? 

3 3 3 3 3 

33.3421.1 278.5+11.1 221.3+16.0 232.0+17.7 244.0+28.6  282.1+10.2 

.32+0.05 2.63+0.17 1.77+0.07 1.85+0.13 1.94+0.09 2.40+0.29 

10.04+0.95) (9.45+0.42) (8.04+0.49) (7.97+0.41) (7.94+0.79) (8.38+0.79) 

om +(1) +(1) 

+(3) +(2),++(1) +(1),+(2) 
-++(3) +(1),4++(1)  — 
-++(3) +(3) _— +(2) +(2) +(2) 
-+(2) +(1) +(2),+(1) 

-(1),++(1) ++(3) +(2),++(1) 

als observed is given in parentheses. 

TV LF VAONANA “W 

d Bis-(2,3-dibromopropyl)phosphate 

LDH activities (mU) in Urine 

LDH-3 LDH-4 LDH-5 

1.9 176.2+73.8 250.7+ 104.5 725+279.0 

36.0 103.6+42.3 1987.9+477.7** 8762.3+1522.2** 

2.8 164.4+54.7 786.0+ 116.3 3984.9+450.5** 

18.4 176.6+56.5 260.3+99.9 707.5+273.7 

-5786.4* 11149.4+5736.1 13480.9+2276.8* 58346+10671.0* 

99.9 122.6+40.3 291.6+ 106.8 1291.6+408.6 

30.5 130.9+39.5 277.3+110.2 651.6+231.6 

967.9 586.2+315.1 5263.0+1935.7** 10303.1+4241.0* 

).4 90.4+29.8 1093.4+387.2* 503.2+ 188.6 

pe mean rank test.° 
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TRIS-BP AND BIS-BP EFFECTS IN RATS 

Figure 11. Left kidney of a rat killed at 24 h after a single dose Figure 13. Left kidney of a rat killed at 72 h after a single dose 
(286.8 mol/kg) with Tris-BP. Pyknosis of the tubular epithelium (286.8 pmol/kg) with Tris-BP. Necrosis and desquamation of 
are extensive. (H&E, x 200) the tubular epithelium are very extensive, dilatation of the 

tubular lumen is extensive and large dysplasia nucleus are 
evident. (H & E, x 200) 

linked enzymes. Also, the high urinary levels of glucose, 
lactate and uric acid suggest reduced reabsorption in 
the proximal tubule. The nephrotoxic mechanisms 
between Tris-BP and Bis-BP at the oral dose of 
286.8 pmol/kg may be due to differences in absorption 
from the gastrointestinal lumen. Further work is in 
progress to investigate the absorption and metabolism 
of Tris-BP and Bis-BP. 
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Table 3. LDH isoenzyme activity of the right kidney from rats administered Tris- and Bis-(2,3-dibromopropyl)phosphate 

LDH-activity (mU) of the right kidney 

Days Chemicals Body 

weight (g) 
Kidney weight (g) Total LDH LDH-1 LDH-2 LDH-3 LDH-4 LDH-5 
(Kidney wt/Body wt x 10~%) 

1 Vehicle 215.3412.9 1.76+0.19 (8.25+0.55) 150.8+48.4 42.8412.7 19.0+14.1 8.2+49  31.34+9.7 49.5453 
Tris-BP 212.7+7.3 1.85+0.15 (8.72+0.77) 125.0+8.0 32.5+2.2 24.3+1.9 8.8+1.5 25.6+4.1 33.8+3.0* 
Bis-BP 221.3+16.0 1.77+0.07 (8.04+0.49) 189.8+29.8 49.6+5.8 38.5+58  14.2+4.2 33.6461 53.8+8.8 

2 Vehicle 234.0+11.4 1.85+0.14 (8.17+0.34) 200.7+37.3 56.7+13.5 32.5+7.2 144+7.2 39.3+10.9 57.7+188 

Tris-BP 218.7+17.9 2.01+0.07 (9.23+0.44)* 175.4+36.1 38.8+9.3 36.5+6.1 19.7+3.9 344+66  46.0+12.1 

Bis-BP 232.0417.7 1.85+0.13 (7.97+0.41) 161.7+37.2 44.3+7.9 38.5+8.1 13.7+2.6 23.8+1.9 41.1412.6 

3 Vehicle 232.0+14.2 1.92+0.05 (8.08+1.69) 178.9+46.4 55.1+16.3 24.6+7.0 13.2445  35.9+10.2 50.1+15.9 
Tris-BP 233.3+21.1 2.32+0.05* (10.04+0.95)* 376.7+53.4 89.0+12.9 80.2+10.1* 49.0+10.1** 66.7+10.8* 91.8414.3 
Bis-BP 244.0+28.6 1.94+0.09 (7.94+0.79) 356.1+98.9 92.6+30.3 74.5+27.3* 33.7+10.9 65.1+12.0 90.1+22.8 

2*: P< 0.05 and **: P< 0.01 compared with its respective control, Dunnett type mean rank test.® 
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