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phycocyanin, one of the major biliproteins of Spirulina
Effect of C-phycocyanin (from Spirulina platensis) platensis has antioxidant properties (3). These studies

pretreatment on carbontetrachloride and R-(/)-pule- have prompted us to evaluate the potential of C. phyco-
gone-induced hepatotoxicity in rats was studied. In- cyanin in the prevention of chemical-induced liver
traperitoneal (i.p.) administration (200 mg/kg) of a sin- injury.gle dose of phycocyanin to rats, one or three hours Carbon tetrachloride (CCl4) is one of the compoundsprior to R-(/)-pulegone (250 mg/kg) or carbontetra-

that is most studied with respect to the manifestationchloride (0.6 ml/kg) challenge, significantly reduced
of toxic injury in liver (4,5). The hepatotoxicity of car-the hepatotoxicity caused by these chemicals. For in-
bontetrachloride has been shown to be the consequencestance, serum glutamate pyruvate transaminase
of the formation of haloalkane free radicals which are(SGPT) activity was almost equal to control values.
formed through catalysis by the liver microsomal cyto-The losses of microsomal cytochrome P450, glucose-
chrome P450 enzyme system (6). Like carbon tetrachlo-6-phosphatase and aminopyrine-N-demethylase were
ride, R-(/)-pulegone, a monoterpene ketone is also asignificantly reduced, suggesting that phycocyanin
potent hepatotoxin (7,8) and liver microsomal cyto-provides protection to liver enzymes. It was noticed
chrome P450 system is involved in its bioactivation tothat the level of menthofuran, the proximate toxin of

R-(/)-pulegone was nearly 70% more in the urine sam- reactive metabolites responsible for the toxicity (9,10).
ples collected from rats treated with R-(/)-pulegone In the present communication, we report the effect
alone than rats treated with the combination of phyco- of C. phycocyanin on carbontetrachloride and R-(/)-
cyanin and R-(/)-pulegone. The possible mechanism pulegone -induced hepatotoxicity in rats.
involved in the hepatoprotection is discussed. q 1998
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MATERIALS AND METHODSKey Words: Spirulina platensis; C-phycocyanin; car-

bon tetrachloride; R-(/)-pulegone, a monoterpene ke-
C. phycocyanin (isolated from Spirulina platensis) was a generoustone; hepatotoxicity; hepatoprotective effect.

gift from Cyanotec Bio-products (p) ltd. Bangalore, India.

Animals and treatment. Male albino rats (2-3 months old)
weighing 160-180 g were used throughout the course of this investi-
gation. Rats were housed in groups and were fed ad libitum. SixSpirulina platensis, a unicellular filamentous blue-
groups (A, B, C, D, E, and F) of rats, each group with 6 animalsgreen algae is gaining more attention these days be- were used in the following way. Unless otherwise mentioned, all

cause of its nutritional and various medicinal proper- treatments were carried out intraperitoneally (i.p.). Group A and B
ties(1,2). Spirulina maxima has preventive effect on (control rats) received coconut oil (0.3 ml); group C and E received

R-(/)-pulegone at a dosage of 250 mg/kg as a suspension in 0.3 mlthe fatty liver induced by a fructose-rich diet in the rat
of coconut oil; group D and F received carbontetrachloride at a dosage(2) suggesting that this algae contains a factor or fac-
of 0.6 ml/kg as a suspension in coconut oil (0.3 ml). Rats from grouptors which affect the fructose-induced alterations of tri- B, E and F were pretreated with phycocyanin (200 mg/kg) dissolved

glyceride metabolism. It has also been shown that C. in water (0.5 ml) one hour prior to the administration of coconut oil
(control rats), R-(/)-pulegone and carbontetrachloride, respectively,
24 h After the administration of R-(/)-pulegone and carbontetrachlo-
ride, the animals were sacrificed by cervical dislocation and blood1 To whom correspondence should be addressed: Prof. K. M. Mady-

astha, Department of Organic chemistry, Indian Institute of Science, was collected by cardiac puncture for SGPT determinations. The
above experiment was repeated by pretreating the animals with phy-Bangalore 560 012. India. Fax: 091-080- 3341683. E-mail: kmm@

orgchem.iisc.ernet.in. cocyanin three hours prior to the administration of R-(/)- pulegone
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TABLE 1

Effect of Phycocyanin Pretreatment/ on CCl4 (0.6 ml/kg) and R-(/)-Pulegone (250 mg/kg)-Induced Hepatotoxicity in Rats

Phycocyanin Phycocyanin
/ /

Enzyme activity Control† Phycocyanin R(/)Pulegone CCl4 R(/)Pulegone CCl4

Cytochrome P450 (nmol/mg) 0.78 { 0.01 0.72 { 0.03 0.38 { 0.01 0.34 { 0.05 0.63 { 0.04 0.52 { 0.02
% change — 07.7 050.3 055.8 018.7 033.0
SGPT (units/ml) 32.2 { 3.6 32.2 { 3.1 490.0 { 39.2 469.0 { 21 36.2 { 3 34.6 { 1.4
Fold change — 0.0 /15.2 /14.5 /0.12 /0.07
G-6-Phosphatase (nmol/min/mg) 191.5 { 4 180.0 { 2 131.2 { 2.3 97.5 { 3.7 172.5 { 3.75 142.5 { 7.5
% change — 06.0 031.5 049.0 010.0 025.5
Aminopyrine-N-demethylase 7.0 { 0.3 6.34 { 0.45 3.0 { 0.33 3.5 { 0.16 5.67 { 0.19 5.33 { 0.33

(nmol/min/mg)
% change — 09.4 057.0 050.0 019.0 023.8

Note. / Rats were pretreated with C. phycocyanin (200 mg/kg) 1h prior to the administration of CCl4 and R-(/)-pulegone. †Animals treated
with vehicle alone. Values represent mean { S. D. of 3 independent experiments, each consisting of tissues pooled from 6 rats. Details are
mentioned in ‘‘Methods’’.

and carbontetrachloride. Urine samples were collected in bottles at greater in rats receiving R-(/)-pulegone or CCl4 alone
0-47C from rats belonging to the groups C and E. than in rats treated with the combination of phycocy-

Enzyme assays. Microsomes were prepared from liver by a differ- anin and R-(/)-pulegone or phycocyanin and CCl4 (Ta-
ential centrifugation method (11). The microsomes were suspended bles 1 and 2). When the rats were pretreated with phy-
in Tris-HCl buffer (0.05 M, pH 7.8) containing 0.25M sucrose and

cocyanin one hour before the administration of R-(/)-20% glycerol. Cytochrome P450 (12), serum glutamate pyruvate
pulegone , the losses of cytochrome P450, glucose-6-transaminase (SGPT) (13), glucose-6-phosphatase (14), aminopyrine-

N-demethylase (15) and protein (16) were determined according to phosphatase and aminopyrine-N-demethylase activi-
published methods. All statistical analyses were performed using ties were only 18, 10, 19%, respectively as compared to
Student’s t-test and levels of significance determined at p õ 0.05. 50, 32 and 57% in animals treated with only R-(/)-

Extraction of urinary metabolites. Urine samples collected from pulegone (Table 1). Likewise, when CCl4 was adminis-
animals belonging to groups C and E were separately extracted with tered to phycocyanin pretreated rats, there was a 33,diethylether as reported earlier (17). The ether extracts were concen-

26 and 27% decrease in cytochrome P450, glucose-6-trated and subjected to GC analyses.
phosphatase and aminopyrine-N-demethylase activi-Gas chromatography. Analyses were carried out on a Shimadzu
ties as against 56, 49 and 50% in rats treated with onlyGC model 14 A instrument equipped with a hydrogen flame ioniza-

tion detector. The instrument was fitted with a Shimadzu HR-1 wide CCl4 (Table 1). The response to R-(/)-pulegone and
bore capillary column (15 m 1 0.5 mm diameter). N2 At a flow rate CCl4 was also significantly reduced when phycocyanin
of 30 ml/min was used as the carrier gas. The temperature of the pretreatment was made three hours prior to the admin-column was held at 807C for 10 min, and then it was raised to 1207C

istration of R-(/)-pulegone and CCl4 (Table 2). Theseat the rate of 57C/min.
studies have indicated that pretreatment of rats with
phycocyanin prior to the administration of R-(/)-pule-RESULTS AND DISCUSSIONS
gone and CCl4 resulted in the protection of liver func-
tions by nearly 65 and 50%, respectively. In fact theEffect of C. phycocyanin pretreatment on CCl4 and
levels of SGPT were almost equal to control values inR-(/)-pulegone-induced hepatotoxicity in rats is shown
rats treated with phycocyanin, one or three hours priorin Tables 1 and 2. Consistent with earlier investiga-
to the administration of R-(/)-pulegone and CCl4 (Ta-tions (4-8), it was noticed that i.p. administration of a
bles 1 and 2). It appears that phycocyanin pretreat-single dose of R-(/)-pulegone (250 mg/kg) and CCl4 (0.6
ment has a greater effect on R-(/)-pulegone than CCl4ml/kg) to rats caused marked decrease in micro-
induced hepatotoxicity.somal cytochrome P450, aminopyrine-N-demethylase

In order to find out the effect of phycocyanin on theand glucose-6-phosphatase activities and a significant
mode of metabolism of R-(/)-pulegone, experimentsincrease in SGPT level. Phycocyanin (200 mg/kg) when
were carried out in vivo where the urine samples col-administered alone did not alter liver function. The
lected from rats treated with R-(/)-pulegone and ratslevels of all the activities tested were similar to those
treated with the combination of phycocyanin and R-of control values (Tables 1 and 2). However, adminis-
(/)-pulegone were analyzed by GC and the levels oftration of Phycocyanin one or three hours prior to R-
various major metabolites present in the urine extracts(/)-pulegone or CCl4 challenge, the response to these
from these two groups were compared (conditions forhepatotoxins were significantly reduced (Tables 1 and

2). In fact SGPT activities were approximately 15 fold GC analyses were as mentioned under ‘‘methods’’). The
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TABLE 2

Effect of Phycocyanin Pretreatment/ on CCl4 (0.6 ml/kg) and R-(/)-Pulegone (250 mg/kg)-Induced Hepatotoxicity in Rats

Phycocyanin Phycocyanin
/ /

Enzyme activity Control† Phycocyanin R(/)Pulegone CCl4 R(/)Pulegone CCl4

Cytochrome P450 (nmol/mg) 0.71 { 0.02 0.61 { 0.01 0.27 { 0.01 0.26 { 0.01 0.58 { 0.01 0.51 { 0.01
% change — 015.0 061 064 017 028.0
SGPT (units/ml) 33.25 { 1.1 28.0 { 2.0 504.0 { 36.0 485.3 { 18.7 31.27 { 1.0 30.34 { 1.8
Fold change — 00.15 /15.0 /14.6 00.06 00.09
G-6-Phosphatase (nmol/min/mg) 225.1 { 7.6 228.5 { 7.5 152.2 { 7.9 126.6 { 4.6 193.3 { 7.3 147.5 { 1.2
% change — /1.5 032.3 043.7 014.0 034.5
Aminopyrine-N-demethylase

(nmol/min/mg) 7.33 { 0.33 6.0 { 0.33 3.24 { 0.45 3.58 { 0.24 6.16 { 0.32 5.83 { 0.2
% change — 018.0 055.7 051.0 016.0 020.3

Note. / Rats were pretreated with C. phycocyanin (200 mg/kg) 3h prior to the administration of CCl4 and R-(/)-pulegone. Other details
are as in Table 1.

typical gas chromatogram shows (Fig 1A and B) that gone. However, there was only marginal changes in
the level of menthofuran was significantly higher the levels of other major metabolites (Fig. 1). This is a
(nearly 70% more) in the urine of rats treated with R- significant observation since menthofuran is consid-
(/)-pulegone alone than in the urine of rats treated ered as the proximate toxin of R-(/)-pulegone and is
with the combination of phycocyanin and R-(/)-pule- responsible for at least half of the hepatocellular necro-

sis caused by R-(/)-pulegone (18). It is known that
microsomal cytochrome P450 system carries out the
regiospecific oxidation of R-(/)-pulegone to its allylic
alcohol (9-hydroxypulegone)which upon cyclization fol-
lowed by dehydration yields menthofuran (9,10). The
cytochrome P-450 system further converts mentho-
furan to its epoxide which could easily give rise to an
a, b-unsaturated- g-ketoaldehyde, a highly reactive
metabolite known to covalently interact with tissue
macromolecules generating toxicity (19,20). So it is
quite possible that phycocyanin could interact prefer-
entially with individual species of cytochrome P-450
and thus could affect the formation of 9-hydroxypule-
gone which is the precursor of menthofuran. It is also
possible that the cytochrome P450 mediated reaction
involved in the conversion of menthofuran to its epox-
ide may be inhibited so that the reactive metabolite viz.
a, b-unsaturated-g-ketoaldehyde may not be formed in
sufficient quantities to elicit toxicity. So it appears that
prior administration of phycocyanin protects against
CCl4 and R-(/)-pulegone mediated toxicity by lowering
the biotransformation of these hepatotoxins into toxic
intermediates. This assumption is supported by the
fact that higher levels of menthofuran was shown to be
present in the urine of rats treated with R-(/)-pulegone
alone than in the urine of rats treated with the combi-
nation of phycocyanin and R-(/)-pulegone (Fig 1). It is
also possible that the haloalkane free radicals produced
from CCl4 and reactive metabolites formed from R-(/)-

FIG. 1. GC separation of major urinary metabolites from (A) R- pulegone by the liver microsomal cytochrome P450 sys-
(/)-pulegone treated rats, (B) R-(/)-pulegone was administered to tems are being scavenged by phycocyanin. In fact re-C. phycocyanin pretreated rats. (1) p-Cresol, (2) R-(/)-menthofuran,

cently it has been reported that phycocyanin has the(3) R-(/)-pulegone, (4) piperitone, and (5) piperitenone. Experimen-
tal conditions are as reported under ‘‘Methods.’’ ability to scavenge alkoxy and hydroxyl radicals (3).
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