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The effect of an aqueous extract of Tribulus terreshis (an indigenous drug) administered orally at a dose of 5 glkg 
body weight was studied in six male adult rats in whom hyperoxaluria was induced and maintained by 
hydroxyproline and sodium glycolate respectively. Twenty-four hour urinary oxalate excretion reversed to 
normal, from 1.97f0.314 to 0.144f0.004 mg/mg creatinine @<0.01) within 21 days of administration of T .  
ferrestris extract and remained so until 15 days after withdrawal of extract and sodium glycolate. 
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INTRODUCTION 

The efficacy of several traditional medical systems (viz. 
ayurveda, sidha, unani, homoeopathy, etc) has been 
widely acclaimed (Satyavati, 1982). Tribulus terrestris 
(family Zygophyllaceae, known as Ikshugandha in 
Sanskrit and Gokhru in Hindi) is a common plant, 
trailing in sandy soils throughout India. Fruits and roots 
are the medically potent parts of these small caltrops. 
The fruits contain trace amounts of alkaloids, fixed oils, 
essential oils, resins and fair amounts of nitrates (Nad- 
karni, 1954). The dried fruit of T. terrestris relieves 
painful burning micturition and controls urinary incon- 
tinence. The decoction prepared from the water extract 
of seeddfruits possesses diuretic action (Nadkarni, 
1954; Santha Kumari and Iyer, 1967). The urine of 
stone formers is supersaturated with lithogenic sub- 
stances and lacks normal inhibitory potential. 
Hyperoxaluria is an important contributory factor 
towards stone formation. Therefore, the present study 
has been planned to assess the efficacy of T.  terrestris 
in lowering hyperoxaluria. 

MATERIALS AND EXPERIMENTAL PROCEDURE 

Male Wistar rats (200-250 g body weight) were 
obtained from the central animal house of this Institute 
and were acclimatized for 7 days on pellet diet (Hindus- 
tan Lever Ltd, Bombay) and water ad libitum. ~ - O H - L -  
proline was purchased from Sisco Research 
Laboratory, Bombay. The ayurvedic drug T .  terrestris 

Author to whom correspondence should be addressed. 

(Gokhru) was purchased from Herba Indica, 
Chandigarh. The identification of the plant was con- 
firmed by the Department of Pharmacy, Panjab 
University, Chandigarh. 

Preparation of the drug extract. The dried fruits of T. 
terrestrk were picked and the coarsely ground powder 
was taken for making an aqueous extract. The daily 
dose of the drug was 5 g of the ground powder/kg body 
weight of the rat. The appropriate dose for each rat was 
taken for further preparation of the extract. To one 
part of the calculated dose of the powder, 16 parts of 
water were added and the mixture was boiled down to 
one quarter of the original volume. It was carefully 
evaporated to dryness. The dried residue was dissolved 
in 3 m L  of the gum acacia solution (1.5% in double 
distilled water) containing 1-2 drops of Tween-20 and 
administered to the rats by gastric intubation at 0900 
hours. 

Rat model for induction of hyperoxaluria. Twenty-four hour 
urine samples of ten rats were individually collected in 
metabolic cages in an air conditioned room, for estima- 
tion of basal values of 24 h urinary excretion of creati- 
nine (Natelson, 1963) and oxalate (Hodgkinson and 
Williams, 1972). Intraperitoneal injections of ~ -OH-L-  
proline (2.5 g/kg body weight) were adminstered to 
each rat for three successive days (Tawashi et al . ,  1980). 
After each injection, 24h  urine was collected and 
analysed for creatinine and oxalate. Urine samples 
were further collected on days 5, 10, 15 and 20 days 
after the third injection of hydroxyproline to ascertain 
the level of urinary oxalate. The urinary oxalate level 
started declining after day 10 and almost reached the 
basal level on day 20 after the last hydroxyproline 
injection (Table 1). Hyperoxaluria was maintained at 
this stage by daily administration of sodium glycolate 
(100 mg/100 g body weight) from day 21. The mainten- 

0951-418X/93/020116-04 S07.W 
0 1993 by John Wiley & Sons, Ltd Accepted (revised) 6 June 1992 



T. TERRESTRIS EXTRACT O N  HYPEROXALURIA 117 

Table 1. Urinary excretion of oxalate in hydroxyproline and 
sodium glycolate treated rats 

Oxalate 
(mglmg creatinine) 

0.184 f 0.022 
0.612 f 0.049 
0.768 f. 0.069 
1.05 f 0.120 

0.902 f. 0.052 
0.781 f. 0.056 
0.430 f 0.031 
0.259 f 0.022 
2.28 f 0.179 
2.10 f 0.1 68 

Day of urine collection 

Basal (0 day) 
After 1st injection of OH-proline 
After 2nd injection of OH-proline 
After 3rd injection of OH-proline 
5 days after 3rd OH-proline injection 
10 days after 3rd OH-proline injection 
15 days after 3rd OH-proline injection 
20 days after 3rd OH-proline injection 
After 8 days of sodium glycolate feedinga 
After 20 days of sodium glycolate feeding 

a Animals were fed sodium glycolate (100 mgll00 mg BWlday) 
from day 21. 

Table 2. Protocol 

1-3 
4-9 No treatment 
10-13 

14-35 

36-50 No treatment 

Day Treatment 

i.p. injections of hydroxyproline (2.5 glkg BW) 

Sodium glycolate feeding (100 mgl100 g 
BWlday) 

Sodium glycolate + T. terrestris extract 
(100 mgl100 g BW) (5 glkg BWlday) 

ance of hyperoxaluria was confirmed by measuring 
urinary excretion of oxalate on days 8 and 20 after the 
beginning of sodium glycolate feeding (Table 1). 

Therepaeutic effect of T. terrestris. Hyperoxaluria was 
induced in six male adult rats by the above described 
model and the therapeutic effect of T. terrestris was 
examined using the protocol shown in Table 2. 
Twenty-four hour urine samples were collected on days 
0, 4, 9, 13, 21, 28, 35 and 50 and analysed for creati- 
nine, oxalate and glyoxylate (Zarembski and 
Hodgkinson, 1965). 

DAY 

0 

4 
9 

10 
13 
14 

- 

21 
2a 

35 

36 
50 

RESULTS 

Induction of hyperoxaluria 

The effect of hydroxyproline and sodium glycolate 
administration on urinary excretion of oxalate (mg/mg 
creatinine) is shown in Table 1. A gradual increase in 
oxalate excretion was noted after each injection of 
hydroxyproline compared with the basal oxalate level. 
Ten days after the third hydroxyproline injection, oxa- 
late excretion steadily declined and tended to reach the 
basal level by day 20. Subsequently, oral administration 
of sodium glycolate from day 21 enhanced the oxalate 
excretion to ten-fold the basal value. The urinary oxa- 
late levels could be maintained at about 2 mg/mg crea- 
tinine for almost 20 days by daily administration of 
sodium glycolate at a dose of 100mg/100g body 
weighthat to study the therapeutic effect of T. terres- 
tris. Urinary parameters were measured in all the 
samples in duplicate. On each day of urine analysis a 
24 h urine sample from a normal adult rat on standard 
pellet diet was analysed for creatinine and oxalate as an 
internal laboratory control and had a mean oxalate 
level of 0.192 k 0.038 mg/mg creatinine. 

Therapeutic effect of T .  terrestris on urinary excretion 
of oxalate and glycolate 

The hyperoxaluria induced by three hydroxyproline 
injections, declined within 1 week and thereafter it was 
maintained by sodium glycolate administration (Fig. 1). 
On day 13, prior to administration of T. terrestris 
extract, 24 h urinary oxalate excretion was 1.97 k 
0.314 mg/mg creatinine. This decreased to 1.12 f 
0.122 mg/mg creatinine after 1 week of treatment with 
T. terrestris (day 21); 0.99 k 0.65 mg/mg creatinine 
(p < 0.05) after 2 weeks of T. terrestris administration 
(day 28); and to 0.267 f 0.34 mg/mg creatinine 
(p<O.Ol) after 3 weeks of treatment with T. terrestris 

URINE COLLECTION/TREATMENT 
Basal 
After 3 injections o f  OH-proline 
A f t e r  1 week o f  3rd inject ion o f  CH-proline 
A N I W  FED SODILM GLYCOLATE (100 m g / l O O  g By/&y) 

After 3 days o f  sodium glycolate ah in is t ra t ion  

SODIIM GLYCOLATE FED ANIMALS ALMINISTERED WITH 
T.TERRESTRIS EClMCT ( 5  g/kg Bw/day) 

After 1 week of T.terrestris treatment 

After 2 weeks of T.terrestris treatment 

After 3 weeks of T.terrestris treatment 
EIWINATION OF SaDILM GLYCOLATE AM) T.TERRESTRIS 
After 15 days o f  termination o f  sodium glycolate 
and T.terrestr is 

DAY OF URINE ANALYSIS 

Figure 1. Effect of Tribulus terrestris extract on urinary excretion of oxalate in hyperoxaluric rats. Statistical analysis using Student's 
t-test ** p<O.Ol;  ***p<O.OOl compared with basal. 
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1.5 - 

OH-prollne 
(100 mg/100 g BW/day) 
ad mini stra t ion 
ADMINISTERED WITH 

DAY URINE COLLECTION/TREATMENT - 
0 Basal 
4 After 3 injections of OH-proline 
9 After 1 week of 3rd injection of 

10 ANIMALS FED SODIUM GLYCOLATE 
13 After 3 days  of sodium glycolate 

* 14 SODIUM GLYCOLATE FED ANIMALS 

1 

0.5 

0 

T.TERRESTRIS EXTRACT ( 5  g/kg BW/day) 
21 After 1 week of T.terrestr1s treatment 
28 After 2 weeks of T.terrestr1s treatment 
35 After 3 weeks of T.terrestr1s treatment 
36 TERMINATION OF SODIUM GLYCOLATE AND T.TERR6TRIS 
50 After 15 days  of termination of sodium glycolate 

and T. terrestris 

0 4 9 13 21 28 35 50 
DAY OF URINE ANALYSIS 

Figure 2. Effect of Tribulus terrestris extract o n  urinary excretion of glyoxylate in hyperoxaluric rats. Statistical analysis using Student's 
t-test *p<0.05; * * p < O . O l ;  ***p<0.001 compared with basal. 

extract (day 35). The 24 h urinary oxalate excretion 
remained low (0.144 f 0.004 mg/mg creatinine) even 
after 15 days of termination of T.  terrestris and sodium 
glycolate administration (Fig. 1). 

The pattern of glyoxylate excretion during the 
experimental protocol is shown in Fig. 2. Three suc- 
cessive injections of hydroxyproline produced a signifi- 
cant increase in urinary glyoxylate compared with basal 
levels. The urinary glyoxylate levels remained elevated 
up to day 9. Sodium glycolate feeding from day 10, 
lowered the urinary glyoxylate excretion in contrast to 
urinary oxalate excretion. Administration of the drug 
for 2 weeks along with sodium glycolate produced a 
significant increase in urinary glyoxylate excretion (day 
25) which increased further after 3 weeks of treatment 
(day 35). Urinary glyoxylate remained elevated even 
after 15 days of withdrawal of sodium glycolate and T .  
terrestris (day 50). 

DISCUSSION 

Hydroxyproline is known to contribute significantly to 
oxalate formation. Intraperitoneal injections of hyd- 
roxyproline resulted both in marked hyperoxaluria and 
hyperglyoxaluria. Hydroxyproline is known to be meta- 
bolized to 4-hydroxy-2-ketoglutarate which is further 
cleaved by a mitochondria1 aldolase into glyoxylate and 
pyruvate (Dekker and Maitra, 1962). The glyoxylate is 
excreted as such or converted to oxalate leading to 
hyperoxaluria. Significant hyperoxaluria has been pro- 
duced in experimental animals by feeding large 
amounts of hydroxyproline (Ribaya and Gershoff, 
1981) or by injecting it intraperitoneally (Tawashi et al., 
1980). 

Both urinary oxalate and glyoxylate showed a signifi- 
cant decline after one week of the last hydroxyproline 

injection as the concentration of the precursor amino 
acid is reduced. Therefore, during the therapeutic trial 
period, hyperoxaluria was maintained by feeding 
sodium glycolate, a major oxalate precursor. Sodium 
glycolate feeding leads to significant hyperoxaluria 
within 3 days which is not accompanied by a simulta- 
neous increase in glyoxylate excretion. Dietary glyco- 
late can be directly converted to oxalate without involv- 
ing free glyoxylate as an intermediate by the hepatic 
enzyme, glycolic acid dehydrogenase, GAD (Fry and 
Richardson, 1979; King and Wainer, 1968). This 
enzyme activity has been shown to be present in the rat 
kidney and is significantly elevated in conditions of 
glycolate overloading (Murthy et al., 1983). 

The beneficial effect of the traditional medicine T. 
terrestris is evident from the significant reduction in 
oxalate excretion over a period of 3 weeks. There is a 
simultaneous increase in urinary glyoxylate excretion. 
One of the possible mechanisms of action of this drug 
could be the inhibition of the enzyme GAD, thereby 
diverting most of the glycolate to glyoxylate. Glycolate 
can be converted to glyoxylate by the hepatic enzyme 
glycolic acid oxidase (GAO). GAO is a hepatic fla- 
voenzyme (FMN dependent) which oxidizes glycolic 
acid to glyoxylate and finally to oxalate in a two step 
reaction. Ushijima (1973) and Askar and Davis (1983) 
have purified rat liver G A O  and demonstrated that this 
enzyme has a much higher affinity for glycolate than for 
glyoxylate. Glyoxylate which is a potentially toxic 
metabolite, is oxidized to carbon dioxide or rapidly 
excreted as such (King and Wainer, 1968). The 
aqueous extract of T.  terrestris has been shown to have 
a high potassium content which is responsible for the 
diuretic effect of this herbal drug (Santha Kumari and 
Iyer, 1967). The present study has shown that the 
aqueous extract of this drug can significantly lower 
experimentally induced hyperoxaluria. Further studies 
are being undertaken to investigate the effect of this 
drug on the enzymes of oxalate metabolism. 
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