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The water-soluble ellagitanin punicalagin has been reported to be toxic to cattle. Taking into account
that this antioxidant polyphenol is very abundant in pomegranate juice (=2 g/L), the present study
evaluated the possible toxic effect of punicalagin in Sprague—Dawley rats upon repeated oral
administration of a 6% punicalagin-containing diet for 37 days. Punicalagin and related metabolites
were identified by HPLC-DAD-MS-MS in plasma, liver, and kidney. Five punicalagin-related metabolites
were detected in liver and kidney, that is, two ellagic acid derivatives, gallagic acid, 3,8-dihydroxy-
6H-dibenzo[b,d]pyran-6-one glucuronide, and 3,8,10-trihydroxy-6 H-dibenzo[b,d]pyran-6-one. Feedstuff
intake, food utility index, and growth rate were lower in treated rats during the first 15 days without
significant adverse effects, which could be due to the lower nutritional value of the punicalagin-enriched
diet together with a decrease in its palatability (lower food intake). No significant differences were
found in treated rats in any blood parameter analyzed (including the antioxidant enzymes gluthatione
peroxidase and superoxide dismutase) with the exception of urea and triglycerides, which remained
at low values throughout the experiment. Although the reason for the decrease is unclear, it could be
due to the lower nutritional value of the punicalagin-enriched diet with respect to the standard rat
food. Histopathological analysis of liver and kidney corroborated the absence of toxicity. In principle,
the results reported here, together with the large safety margin considered, indicate the lack of toxic
effect of punicalagin in rats during the 37 day period investigated. However, taking into account the
high punicalagin content of pomegranate-derived foodstuffs, safety evaluation should be also carried
out in humans with a lower dose and during a longer period of intake.
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INTRODUCTION Pomegranate husk is very rich in ellagic acid derivatives such

Pomegranate (Punica granatumy) is mainly grown in the as the ellagitannins punicalagin [2,3—@ex.ahydroxydiphenoyl-
Near East, India, (southeastern) Spain, Israel, and the United®6-(.5)-gallagyb-glucose] and punicalin [4,65(S-gallagyl-
States (California). Pomegranate is mainly consumed fresh orD-glucose] Eigure 1). In addition, some ellagic acid derivatives
used to obtain juice. The health-beneficial effects of pomegran- _(ellaglc acid hexoside, -pentoside, etc.) are also present, although
ate fruit and derivatives such as juice have been claimed from N lesser amounts (5).
ancient times (1). Recently, in vitro and ex vivo studies have =~ Commercial pomegranate juice is obtained by pressing the
demonstrated the antiatherosclerotic capad@ty4) of pome- fruit, so the water-soluble compounds of the pomegranate husk,
granate juice, probably mediated by its high antioxidant activity including punicalagin, are also found in significant amounts in
(4,5). Nowadays, more than 90 international patents claim the the juice. This is the case of punicalagin with a content that
use of pomegranate juice and other pomegranate derivatives agan reach 2 g/L or even higher depending on the cultigar (
sources of health-promoting effects due to their content of This means that the regular consumption of pomegranate juice
health-beneficial bioactive compounds (phytochemicals, phy- could involve a high intake of this water-soluble hydrolyzable
toestrogens, etc.). ellagitannin.

The bioavailability and metabolism of punicalagin from

*Aythor to whom correspondence should be addressed (fax 34-968-39 pomegranate has been recently studied in BjtsRunicalagin
62fléég}\néa}'(l;g%.p'n@cebaS'CS'C'es)' was detected in plasma with the subsequent relevant finding

8 University of Murcia. which indicated that punicalagin is the highest molecular weight
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Punicalagin (m/z=1083)
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Trihydroxy-6H-dibenzofb,dlpyran-6-one

Gallagic acid (m/z=601)

Punicalin {m/z=781)

Figure 1. Structures of punicalagin and related metabolites.

compound absorbed throught the gut barrier so B (n international law and policied ) and the National Institutes of Health
addition, glucuronides of methyl ether derivatives of ellagic acid Guide for the Care and Use of Laboratory Animal3). These
were also detected, as was in lesser amount the metabilite 6 9uidelines recommend the use of the minimum possible number of
dibenzo[b,d]pyran-6-one. In urine, the main metabolites ob- animals for experiments. This, together with the recent bibliography

L . At _concerning experiments on rats prompted us to use 10 animals for the
iggvsegrvéi:iuﬂroﬂi?jeegz%g) dlpyran-6-one derivatives, as agly final investigation. A previous study was conducted with 12 rats to

. . . ._evaluate both the acceptance of different punicalagin contents in the
Punicalagin has been reported to provoke both liver necrosis jet ang a preliminary effect on blood parameters. Rats were randomly

and nephrotoxicity in cattle8{-10). However, antioxidantand  givided into six groups (n= 2), which were fed with increasing
hepatoprotective effects of punicalagin on acetaminophen- pomegranate husk extract concentrations, that is, 0.5, 2, 5, 10, 20, and
induced liver damage in rats have been recently reported,40% during 7 days for each extract concentration. The final, more
although harmful effects were detected with high doses.( detailed study, was performed with 10 female rats randomly divided
Therefore, a high consumption of pomegranate juice favored in two groups, that is, a control group ¢ 5) that was fed only with
by its increasingly claimed health-beneficial properties could the commercial diet and a treated group (pomegranate groep5)
involve a potential risk because of its high punicalagin content. that was fed with the commercial diet containing 20% pomegranate
Taking into account the apparent controversy concerning the husk extract to reach an average of 6% punicalagin in the final mixture.

toxicity of punicalagin together with the significant amount The husk extract was kept at20 °C. The mixture feedstuff
yolrp 9 gel . g pomegranate extract was freshly made up every day to avoid possible
detected in pomegranate juice, it was the aim of the present

o : instability of punicalagin. Body weight as well as food consumption
study to assess the effect of repeated oral administration of\yas recorded every day for 37 days. At the end of the experiment the
punicalagin-containing pomegranate extracts to rats for 37 days.rats were anesthetized with ether and killed by exsanguination.

For this purpose, we evaluated the effect of daily high doses of  Skin, hair, eyes, nervous system conditions, and behavior were
punicalagin on growth, antioxidant enzymes, and hematological examined daily. Body weight and food and water consumption were
and clinical chemistry parameters of Spragmwley rats as recorded daily. Growth rate was calculated as the difference between

well as the effect on possible internal target organs (liver and the final and initial weights divided by 37 days. Feed efficiency or
kidney). food utility index was calculated as the weekly body weight gain divided

by the food consumption.
ReagentsEllagic acid was purchased from Sigma (St. Louis, MO).
MATERIALS AND METHODS All other reagents (formic acid, hydrochloric acid, methanol, etc.) were
Animals and Diets. Sprague—Dawley rats weighing 179—214 g of analytical grade and supplied by Merck (Darmstadt, Germany).
were provided by the Animal Centre of the University of Murcia Milli-Q system (Millipore Corp., Bedford, MA) ultrapure water was
(Spain). Rats were quarantined for 1 week, housed in individual used throughout this research.
metabolic cages, kept at 22 2 °C with 55+ 10% relative humidity Pomegranate Extract.Water-soluble compounds from pomegranate
and controlled lighting (12 h light/dark cycle) throughout the present husk were extracted in order to mimic the pomegranate juice prepara-
experiment. Rats were fed with standard feedstuff for rats (Panlab, tion. Ten kilograms of pomegranate husk (var. Mollar de Albatera)
Barcelona, Spain). Both solid diet and water were consumed ad libitum. were freeze-dried. One kilogram of freeze-dried husk was squeezed in
Handling and killing of rats were in full accordance with national and 2 L of distilled water (w/v), stirred vigorously, and leftf@ h atroom
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temperature. The corresponding extracted solution was pooled andcollision gas, and the collision energy was set at 50%. Mass
freeze-dried. The protocol was repeated several times. The pooledspectrometry data were acquired in the negative ionization mode. All
freeze-dried powder was mixed with the standard rat feedstuff to get HPLC analyses were performed in triplicate.

the ratio 20% pomegranate extract/80% standard diet, with a final 6%  Hematology and Clinical Chemistry. Hematological parameters

of punicalagin content in the mixture. The other water-soluble were determined every week in heparinized blood from both control
compounds present in the extracts (mainly soluble fiber such as (n = 5) and treated ratsn(= 5) using an automated hematological
mucilages and salts) are also found in pomegranate juice. In addition, analyzer (ABC Vet, ABX Hematologie), with specific software for rat
and very importantly, pomegranate husk extracts did not contain blood samples. The parameters analyzed were packed cell volume
alkaloids, which are found in both root and stem barks but not in fruit (PCV); red blood cell number (RBC); hemoglobin concentration;
husk (14). The isolated effect of pure punicalagin was disregarded due erythrocytic indices, that is, mean corpuscular volume (MCV), mean

to the huge amount of punicalagin needed for this purpose. corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin
Purification of Punicalagin. One kilogram of pomegranate husk  concentration (MCHC); white blood cell count (WBC); and platelet
(var. Mollar de Albatera) was squeezed and incubatetili of distilled number. PCV determined by the microhematocrit method and smears

water at room temperature for 2 h. Afterward, the solution was filtered evaluation were used as quality control of the automated hematological
through a Sep-Pak cartridge (a reverse phase C-18 cartridge; Watersanalysis.
Millipore), which retained phenolic compounds and removed other  Diagnostic kits from Spin React (Gerona, Spain) were used for
highly hydrophilic compounds. The cartridges were previously activated spectrophotometric analysis of alanine aminotransferase (ALT), aspar-
with 10 mL of methanol and 10 mL of water. The remaining volume tate aminotransferase (AST), alkaline phosphatase (ALP), creatine
of each cartridge was removed by passing air through it. A sample of kinase (CK), glucose, urea, creatinine, cholesterol, triglycerides (TGs),
1 L was filtered by using 10 reused cartridges. Each cartridge was pilirubin, calcium, and phophorous. All these biochemical measurements
washed with 5 mL of water. These fractions eluted with water were were made in heparinized plasma using a Cobas Mira Plus analyzer
discarded. The remaining volume in each cartridge was eluted with 5 (ABX Diagnostic).
mL of MeOH. The methanolic fractions of each cartridge were collected  Hjstopathology. Livers (n= 5) and kidneysr{ = 5) from control
and filtered through a 0.4&m filter. The pooled filtered solution was  ang treated rats were weighed and fixed in 10% buffered neutral
injected in a semipreparative HPLC system equipped with an L-6000 formalin. Paraffin sections were prepared and stained with hematoxyl-
pump, an L-4000 UV detector, a D-2500 Chromato-Integrator, and a jn—eosin staining for histological examination.
2 mL sample loop. Chromatographic separation was carried out on a  aptinyidant Enzyme Activities. Glutathione peroxidase (GPx) and
reverse phase ODS-2 column (25 0.7 cm, 5um particle size) superoxide dismutase (SOD) were determined every week in hepa-
(Teknokroma, Barcelona, Spain) using an isocratic flow of MEOH 5176 plood with the use of commercial kits (Randox Laboratories).
H+/H_ZO (2:98) (the acid was acetic acid 0.5%) at a flow rate _of 15 Temperature of the assay was 3C. Briefly, SOD activity was
mL/min. The UV chromatogram was recorded at 360 nm. Lhe thfere(l;t determined by using the xanthine/xanthine oxidase method to generate
eluted fractions were analyzed by HPLC-DAD-MS-MS to identify an superoxide radicals, which reacted with 2,4-iodiphenyl-3,4-nitrophenol-
quantify the pl_mlcalagln isomers. The purified frac_tlon Of punicalagin 5-phenyltetrazolium chloride to form a red formazan dye, which is
was freeze-dried and used as pure (50 mg) punicalagin standard. Ageiermined at 500 nm. SOD activity was then measured by the degree
calibration curve was perfprmed using both UV gnd MS. 3'9”?'?( of inhibition of this reaction. GPx activity was based on the method
0.995 and 0.997, respectively) to further quantify punicalagin in rat "\ hich Gpx catalyzes the oxidation of glutathione by cumene
p'asn.‘?‘- Quantlflcgtl(_)n by using both moethods, UV and MS, yielded hydroperoxide. In the presence of glutathione reductase and NADPH,
coeﬁ|C|eqts of variation (CV) aIwaysf 10%. . the oxidized glutathione was immediately converted to the reduced form
Sampling Procedure (Plasma, Liver, and Kidney).Blood was  yjth a concomitant oxidation of NADPH to NADP and the corre-
extracted every week by cardiac puncture and collected in hepannlzedsponding decrease in absorbance at 340 nm was measured.
tubes. Blood was 'immediately separated in plasm_a by c_entrifugation Statistical Analysis.Results ofTables 1and2 are expressed as the
at 14000dor 15 min at 4°C. Plasma was homogenized with MeOH/ 0.4 of poth control (s 5) and pomegrante-treated n5) rats and
0.2 M HCI (2:1, v/v). The mixture was vortexed for 30 s and centrifuged normal values range (NVR) at the end of the experiment. This range
at 14000gfor 2 min at 4°C. The supernatant was filtered with a 0.45 (NVR) was calculated as the control mear? x SD. NVR is useful
um filter, and the filtered solution was analyzed by HPLC-DAD-MS- o4 ise values out of this interval are considered to be pathological.
MS. . ) ) . . . Serobiochemical and hematological parameters were analyzed with an
After sacnfn;e, liver and kldney_ were quickly exmsed and vyelghed. analysis of variance (ANOVA) between the control group and the
Two grams of liver and 0.8 g of kidney were homogenized with 4 and yreateq group. Differences were considered to be statistically significant
2.4 mL, respectively, of MeOH/0.2 M HCI (1:1, v/v), vortexed, and  5¢p > 0.05. Graphs of the experimental data and their statistical analysis

centrifuged at 140G@for S min at 4°C. The supernatant was filtered  \yere carried out by using the Sigma Plot 6.0 program for Windows.
with a 0.45um filter, and the filtered solution was analyzed by HPLC-

DAD-MS-MS.
HPLC-MS-MS Analysis. Chromatographic separations of pome-

tgrar;a:je e’;traas' as We."(;"s pltasma, kidney, ang "fogﬁm ézg;o' and  pynjcalagin Content in the Rat Diet.A previous study was
reated rals were cariec out on a reverse phas ro conducted both to evaluate the acceptance of different pome-

column (25x 0.4 cm, particle size @m, Merck) using water/formic . . .
acid (95:5, viv) (A) and methanol (B) as the mobile phases at a flow granate husk concentrations in the diet by the rats and to ensure

rate of 1 mL/min. The linear gradient started with 1% B, remained for & rational high level of the compound for a toxicological study.

5 min at 1% B in A, to reach 20% B in A at 20 min, 40% B in A at For this purpose, 0.5, 2, 5, 10, 20, and 40% of extract
30 min, and 95% B in A at 35 min, and remained at 95% B in A untii concentration were administered to rats. The 20% pomegranate
39 min. UV chromatograms were recorded at 255 and 360 nm. The husk concentration in the diet was the highest proportion
HPLC system equipped with a DAD detector and mass detector in seriesaccepted by the rats (the 40% level significantly decreased
consisted of an HPLC binary pump, an autosampler, a degasser, and geedstuff palatability) and also involved a high punicalagin
photodiode array detector controlled by software (v. A08.03) from concentration intake. The choice of this concentration was also
Agilent Technologies (Waldbronn, Germany). The mass detector was gnnorted by the fact that lower concentrations did not show
an ion-trap mass spectrometer from Agilent Technologies equipped with any preliminary effect on blood parameters, so the 20% extract

an electrospray ionization (ESI) system and controlled by software (v. trati th imal ntration ted by rats) was
4.0.25). The heated capillary and voltage were maintained afG50 concentration (the maximal conce accep yrats)wa

and 4 kV, respectively. Mass scan (MS) and daughter (MS-MS) spectra chosen for a |0nger and more Systgmatic study. N
were measured fromvz 100 tonvz 1500. Collision-induced fragmenta- The average punicalagin content in pomegranate juice (2 g/L
tion experiments were performed in the ion trap using helium as the or higher;5) involves an oral administration of 28/g of body

RESULTS AND DISCUSSION
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Figure 2. Punicalagin isomers in rat plasma: (A) extracted ion chromatogram (EIC) (m/z 1083) showing the three punicalagin isomers at 9, 12.5, and
13.9 min of retention time; (B, C, D) all MS detected at 9, 12.5, and 13.9 min of retention time, respectively; (E) representative MS-MS analysis of m/z
1083 showing the main fragments at m/z 601 (gallagic acid) and m/z 781 (punicalin).

weight for a 70-kg person. In the present study (including 20% This is a relevant finding because this is the molecule with
pomegranate husk with the feedstuff), the rats consumed anhighest molecular weight detected in plasma so6ar). Intact
increasing amount of punicalagin per day, that is, 0.39, 0.54, punicalagin was accumulated by following saturation kinetics
1.12, 1.3, and 1.18 g/day, during the first, second, third, fourth, to reach a steady-state (saturated) level from day 7 in which
and fifth weeks, respectively. The mean oral consumption of the mean concentration of 28 of punicalagin/mL plasma was
0.9 g/day €4.8 g/kg of body weight/day) punicalagin per rat reached §). However, as no determination was carried out
was equivalent to the consumption-e194 L/day of pomegran-  before day 7, faster saturation kinetics cannot be excluded.
ate juice by a 70-kg person, which is, in principle, a large safety Punicalagin intake increased from 0.39 g/day during the first
margin. This large margin was taken into account due to the week to 1.18 g/day during the fifth week although there was a
increasing number of commercial pomegranate-containing nu- maximum intake in the middle of the experiment, during the
traceuticals that claim health-beneficial effects. In fact, a detailed fourth week (1.3 g/day)Higure 3A). Therefore, a higher intake
study about the absorption and metabolism of punicalagin hasof punicalagin was not correlated with a higher accumulation
been recently carried ou6), but its possible adverse effects in the plasma, which indicated a possible saturation of the
upon repeated and prolonged oral intake of high doses haveabsorption mechanism for this molecule with MH at m/z

not been evaluated so far. 1083 (results not showr).

The above safety margin should be also taken with caution. Body Weight and Food Consumption.Previous studies
Although the punicalagin concentration ingested by the rats is stated that the body weight of rats can be affected depending
equivalent to a very high pomegranate juice intake, this doeson the polyphenol administered because a 0.4% flavonoid-
not necessarily rule out the possible adverse effects of lower containing extract from grapefruit and 2% of proanthocyanidin-
doses of punicalagin in humans, especially during longer rich extract from grape seeds did not affect body weight (15,
periods. 16), whereas significant worsening of the weight gain was

Accumulation of Punicalagin in Rat Plasma.The HPLC- observed in diets containing 1% polymeric grape seed tannins
MS-MS analyses with the ion trap and subsequent fragmentation(17) or 1.9% catechins1g). In fact, according to previous
of the isolated ions allowed the clear identification of punicala- reports, the compounds classified as tannins (including ellagi-
gin in rat plasma. The single-ion HPLC-MS analyses allowed tannins) strongly interact with proteins. The main consequence
the identification of three peaks in the plasma of rats fed with is that tannin-consuming animals are usually smaller than their

pomegranate coincident with a molecular ion ratz 1083 counterparts. Dietary tannins mainly inhibit the digestion of
corresponding to three punicalagin isomers (Figure 2A—D). endogenous proteins instead of dietary proteins (19).
Daughter (MS-MS) mass spectra of the isolatetz 1083 In the present study, the feedstuff intake was clearly lower

ions mainly showed fragments for punicalim/z 781) and for punicalagin-treated rats than for control rasg(re 3A)
gallagic acid fn/z 601) (Figure 2E), which unequivocally  during the first 15 days, which could be due to a decrease in
confirmed that the detected molecule in plasma was punicalagin.the palatability of the standard diet in agreement with previous
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30 3 Table 1. Hematological Parameters in Control and Punicalagin-
Treated Rats?

ARG C)
;6 % parameter control group pomegranate group NVR
£ [\.,\ (2 E PCV (%) 343+ 14 299+12 31.4-37.2
£ £ WBC (10%/uL) 71+11 6.9+10 48-9.4
3 151 - RBC (108/uL) 6.2+0.2 6.1+0.2 5.7-6.7
3 £ Hb (g/dL) 13.2+05 124+04 12.2-14.2
L 10 A 1 & PLT (103/uL) 610.6 £ 188.4 567.8 +174.7 233.7-987.5
. MCV (um?) 55.6+1.3 540+1.2 52.9-58.3

5 © MHC (pg) 214+05 213+05 20.3-225
< MCHC (g/dL) 38.6+0.6 376+05 37.3-39.9

0 . - ‘ ‘ 0

0 10 20 30 40 @ Results are expressed as mean + SD. Control group (n = 5); pomegranate

group (n = 5). Coefficient of variation (CV) of each measurement (n = 3) for
each rat was always <10%. Normal values range (NVR) was calculated as the
mean of control + 2 x SD. Parameters were determined every week. Results
shown correspond to the end of the experiment (day 37); no significant differences

01, ®
’ ﬂ ﬂ were observed throughout the experiment.
Gl w wl el o

H proteins in the alimentary tract, which could imply the formation

of complexes and inhibition of digestive enzymé@8) as well

as a decreased efficiency in converting the absorbed nutrients
to new body substance®l) as described in tannin-supple-
mented diets. However, in the present study, after two weeks,
feedstuff intake was higher in the pomegranate-treated rats with
_|'_ the concomitant improvement of the above indideiggre 3).

03 ‘ : . The reason for this change is not clear, but it could be postulated
44 (C) that the rats were used to the palatability of the diet after two
weeks and thus could increase feedstuff intake to compensate

for the lower nutritive value of the diet. This hypothesis
(corroborated by the increase of growth rate in treated rats) could
rule out the reason of the antinutritional effect of punicalagin
Hematology and Clinical Chemistry. The mean of the
hematological parameters throughout the present study is shown
2 in Table 1. Slight and nonsignificant decreases in PCV and
hemoglobin values were observed in the group fed with
punicalagin-containing extract.
0 10 20 30 40 Decreases in PCV and hemoglobin have been previously
found with propyl gallate (22) and gallic acid (23) diet

Food utility index

Growth rate
(]

-4

Days .. . . . .
] T administration in rats. Further studies about iron content and
Figure 3. (A) Feedstuff and punicalagin intake of Sprague—Dawley rats: digestibility of the diet used should be developed to fully
(W) quarantine period; (@) control rats (n = 5); (a) pomegranate-treated characterize this slight decrease in red blood cell parameters.

rats (n = 5); (<) punicalagin intake. (B) Food utility index: () control
rats; () pomegranate-treated rats. (C) Growth rate: (@) control rats;
(a) pomegranate-treated rats. Arrows designate the cardiac puncture for
obtaining blood sample. Coefficient of variation was always <10% for each

Serum biochemical results showed only significant differences
between control and pomegranate-treated groups in both urea
and TGs Table 2). The decrease of serum urea, which appears
o from the first day of sampling and persists during the entire
determination. trial, could be due to liver failure as reported previosuy)

) . .. However, no liver failure was detected in the present study;
studies 19). However, there was a drastic change from the third ;o parameters (ALT, AST, ALP, and bilirubin) were normal.

week in which food intake was higher for treated rats than for anqther possible reason could be either a protein deficiency in
control rats Figure 3A). The food utility index Figure 3B, he giet or a deficient protein digestibility of the diet, which
weekly body weight gain divided by the food consumption) and \yas not enough to meet normal rat requirements, especially
weekly growth ratefigure 3C, the difference between the final  sjgnjficant during the first 15 day&igure 3). In fact, decreases
and initial weight divided by 7 days) positively correlated the of the nutritional value of the diet with reduction in protein
pattern of feedstuff intakeFgure 3A). The effect of the  digestibility and protein efficiency ratio after supplementation
inclusion of punicalagin in the diet was clearly negative during with large amounts of vegetable extracts have been recently
the first 15 days, whereas during the last three weeks the ratsdescribed (25). However, in our study, the food utility index
were fully recovered with even higher growth rates in the and growth rate after 15 days were even better in the pomegran-
pomegranate-treated rats (Figure 3C). The possible factors ate-treated group than in the control rag(re 3B). Therefore,
involved in this effect, apart from the above suggested decreasethe antinutritional effect cannot be fully accepted as the reason
in the palatability, could be a decrease in the nutritive value of for such behavior. Although the main unanswered question is
the diet because 20% of pomegranate extract (final 6% puni- why urea was not restored concomitant with the increase of
calagin) was included in the diet with the subsequent replace-food utility index, the decrease in the palatability of the
ment of the standard feedstuff. Another possible reason could pomegranate-enriched diet appeared to be the main reason for
be the antinutritional effect of punicalagin by precipitating triggering the decrease in urea.
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Table 2. Serobiochemical Constituents and Antioxidant Enzymes of According to our results and despite the apparent controversy
Control and Punicalagin-Treated Rats existing in the literature, in principle, it could be concluded from
the biochemical results obtained that the consumption of
control pomegranate punicalagin has no negative effect on rat liver hepatocyte
parameter group group NVR integrity or function.
ﬁﬂ ((l‘:rr:l'tt://n”:b) 12?? : ggi 1‘718? ; ‘2‘2 6 ggg:igig The above controversy regarding punicalagin toxicity can be
ALP (units/L) 135.6 + 311 117.0+27 73.5-197.7 extended in the safety evaluation of other phenolic compounds
TP (g/dL) 51+0.4 46+04 44-58 such as gallic acid because a no-adverse-effect-level (NOAEL)
Alb (g/L) 27£01 27£01 25-29 value similar to that reported in the present study (5 g/kg of
(B;||| (mo/dL) 0:3:£005 03004 02704 body weight) has been reported for mi@8), whereas the same
c (mg/dL) 135.0 £15.1 108.7 £12.2 104.8-165.2 o
Chol (mgfdL) 707+ 118 67.2+113 47.1-943 value was toxic in F344 rat<g).
TG (mg/dL) 60.9£18.0 306+8.9 24-8-96-9: Punicalagin Accumulation in Possible Target OrgansBoth
g:gg Emg;g'd 33'2 f 32 1(2)-}1 f 351’ 312-;:316'8 liver and kidney have been reported to be target organs of
CK (unitsiL) 4461+1681 35321601 11017823 punicalagin in cattle (8—10), which prompted us to try to
P (mg/dL) 51+0.9 6.2+1.1 3.3-6.9 identify punicalagin and/or derived metabolites in these organs.
griigmxi%/grl{t)enzymes 100+0.6 9.5+06 8.8-11.2 The single-ion HPLC-MS analyses showed the presence in
GPx (units/mL) 1301+ 335 933+ 236 65-199 poth liver and kidney of rat.s fed with pomggranate molegular
SOD (units/mL) 72.9+125 70.8+12.1 47.0-98.7 ions atm/z 301 corresponding to two ellagic acid derivatives
(Figures 1 and 4A), m/z 601 corresponding to gallagic acid
aResults are expressed as mean + SD. CG, control group (n = 5); PG, (Figures 1and4B), m/z403 corresponding to 3,8-dihydroxy-
pomegranate group (n = 5). Coefficient of variation (CV) of each measurement (n 6H-dibenzol[b,d]pyran-6-one glucuronide (Figuresathd 4C),
= 3) for each rat was always <10%. Normal values range (NVR) was calculated and m/z 243 corresponding to 3,8,10-trihydroxyt&ibenzo-
as mean of control + 2 x SD). Parameters were determined every week. Results [b,d]pyran-6-one (Figures Bnd4D).

shown correspond to the end of the experiment (day 37); no significant differences . . .
were observed throughout the experiment. The differences observed in both urea MS-MS analyses of the isolated ian/z 403 yielded the

and TGs were detected the first week and remained at the same values until the fragment_ am'z 2?7' \_NhiCh confirmed the pres_ence of the above
end of the experiment (results shown in the table). *Significant differences. glucuronide derivative (results not showrfjigure 4A;—D;
shows all MS detected at the retention times of the above

The decrease of serum TGs has been previously describecXtracted ion chromatograms (arrows designate themicrof

upon feeding rats with flavone-enriched diets from skullcap, (e different metabolites). The metabolites 3,8-dihydroxy-6H-
anthocyanins from chokeberry, as well as with diets containing 9iP€nzop.djpyran-6-one and 3,8,10-trihydroxyHedibenzop,d]-
condensed tannin extracts from faba bean (25). As in the presenPYran-6-one (Figure 1) have been previously reported to be
study, the rats also presented normal cholesterol leVels|¢ produced by rat microflora from ellagic aci@q) and in the
2). Although further studies would be required to establish the feces ofTrogopterus xanthippeS0).
possible pathophysiological mechanism for this situation, a All of the above metabolites were found in very small
relationship between decreased TGs and a lower HDL choles-amounts including traces of punicalagin, whiafzion at 1083
terol level has been recently report@®y, In the present study, ~ Wwas also found (results not shown). The unequivocal identifica-
the content of TGs was significantly lower in the pomegranate- tion of these metabolites was supported by the analysis of their
treated group than in the control group. However, TGs content characteristic spectrdigure 5) as well as by the purification
remained in the lowest limit within the normal values range Of these metabolites and further NMR analysis (unpublished
(NVR; Table 2). results). The scarce accumulation of these metabolites in both
Regarding the relationship between plant extracts and liver liver and kidney of rats after 37 days with a mean intake of 0.9
toxicity, a previous study reported oaRQ(ercus incana) leaf 9 of pgnlcale_lgln/day also suggested the extensive metabolism
poisoning in cattle due to hydrolyzable tannin26) with of punicalagin.
significant reductions of blood hemoglobin and mean corpus-  Histopathological Analysis.To corroborate the apparent lack
cular hemoglobin as well as important elevations in serum of toxicity in both kidney and liver as suggested above by the
bilirubin, AST, and ALP activities after feeding of oak leaves analysis of blood parameters, a histopathological study of these
(98 mg of tannic acid equivalents/g of dry leaves) to cattle for organs was also carried out. No difference was observed in the
only 2 days. However, identification of the responsible tannin weight of organs belonging either to control or to treated rats.
was not carried out. Lin et al2{) reported hepatoprotective  Histological examination of liver and kidney as target organs
activity of punicalagin and punicalin on carbon tetrachloride- showed no marked differences between the control and treated
induced liver damage in rats after subcutaneous injection of 25 groups, and no evident alterations were detected (results not
and 12.5ug/g of body weight of punicalagin and punicalin, shown). Niho et al.Z3) observed dose-dependent centrilobular
respectively. The hepatoprotective effect was correlated with liver cell hypertrophy and deposition of a fine granular brown
the decrease in both AST and ALT values. However, harmful pigment in proximal tubular cells in rats treated with gallic acid.
effects were observed with 28/g of body weight of punicalin. Previous studies reported severe liver necrosis in mice fed with
Contrarily to flavonoids and other plant extracib(25), the punicalagin- and punicalin-containing extracts (1.3 mg of
presence of punicalagin did not cause increases of ALT in our tannin/g of body weight) froniferminalia oblongataafter 2
study. Furthermore, all biochemical parameters used to assesslays (9). The same authors reported liver necrosis with an oral
hepatocyte integrity (AST, ALT), bile duct alterations (ALP), dose of 0.5 mg of tannin/g of body weight after 2 days. This
and liver function (bilirubin, albumin) were normal. These concentration is 17-fold higher than the equivalent punicalagin
results were in accordance with those obtained in previous intake of a 70-kg person after drinking 1 L pdmegranate juice.
studies in which AST, ALP, ang-GT were not affected in Biochemical results with no increase of liver (ALT, AST, ALP,
rats fed 2.5% green tea leaf extrac®s), bilirubin) and kidney function (urea, creatinine) parameters
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Figure 4. (A-D) Extracted ion chromatograms (EIC) (A, m/z 301; B, m/z 601; C, m/z 403; D, m/z 243) of punicalagin metabolites in liver extract of
pomegranate-treated rats after 37 days. The same result was obtained in kidney extracts (result not shown). (A;—D;) All MS detected at the retention
times of the above EIC. Arrows designate the ion m/z of the different metabolites. The fragment at m/z 227 in C; is the aglycon, 3,8-dihydroxy-6H-
dibenzo[b,d]pyran-6-one, from its corresponding glucuronide (m/z 403) (see Figure 1).

would be in accordance with the histological patterns obtained species. Recently, similar results were found with diets contain-
in our study. ing grapefruit flavonoid extracts (25).

Antioxidant Enzymes. Antioxidant enzymes such as glutha- It seems that there was a change in the metabolism of
tione peroxidase (GPx), catalase, and superoxide dismutasé®unicalagin by the rats, which could be critical to overcoming
(SOD), among others, have been reported to be lower in @ possible toxicity. Although weekly analyses of biochemical
transformed cells and/or tumor81) so that the enhancement and hematological parameters indicated the lack of toxicity, the

of the activity of these enzymes is accepted as a possible positivdPLC-MS-MS and histopathological analyses of both liver and
cancer chemopreventive action. kidney were carried out only at the end of the experiment.

Increases in both GPx and SOD activities have been IreportedTherefore, a more pronounced effect on liver and kidney tissues

. . . . .. during the first 15 days cannot be completely ruled out, which
T e o o on <0Ud tppor he prvious (i cfecton migh(

. . 0 . . 0 . .
extract an increase in SOD activity was also detected (28). It Therefore, the above results indicated that a 6% punicalagin

. . content in the rat diet (4.8 g of punicalagin/kg of body rat
seems that depending on the phqnollc compound the effegt Or]Weight/day) during 37 days did not provoke tissue alterations,
antioxidant enzymes could be different. In fact, differential

. . L and most of the serum biochemical and hematological param-
effects of dietary flavonoids on antioxidant enzymes (GPx and g5 were normal. However, a decrease in both urea and TGs

SOD among others) in rats have been previously repoB2Jl (a5 observed. Although the final explanation for this decrease
In the present study, no significant differences were found remains unknown, we postulate that the decrease in the nutritive
between both groups (control and treated rats) of animals in value of the diet (replacement of the normal diet by the presence
GPx and SOD activitiesT@ble 2). Although the mean values of 20% pomegranate extract) together with a low palatability
of the 37 day experiment period are shownTiable 2, GPx (low food intake) could be mainly responsible for triggering
and SOD activities were monitored weekly, and no significant the decrease in the above parameters rather than a toxic effect
changes were observed (results not shown). This could indicateof punicalagin.
that the punicalagin-containing extract did not cause any However, it should be noted that the present study was
variation in the enzymatic defense against reactive oxidative conducted in rats so that a further extrapolation to humans
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Figure 5. Spectra of punicalagin metabolites detected in liver and kidney
of rat: (A) ellagic acid-like spectrum (m/z 301); (B) gallagic acid-like
spectrum (m/z 601); (C) 3,8-dihydroxy-6H-dibenzo[b,d]pyran-6-one-like
spectrum (MS/MS m/z 227); (D) 3,8,10-trihydroxy-6H-dibenzo[b,d]pyran-
6-one-like spectrum (m/z 243).

should be made with the logical caution. In addition, the aim
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