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Abstract

Studies have extensively demonstrated the activation of enzymic and nonen-
zymic antioxidants as well as decrease of lipid peroxidation status after pome-
granate intake without any observable toxicity in animal models. Comparing to
animal model studies, human trials are less done on these aspects. Cellular
damage caused by reactive oxygen species appears to be a major contributor in
ageing and other degenerative diseases such as cancer, cardiovascular diseases,
cataracts, compromised immune system, rheumatoid arthritis and brain dys-
function. Several literatures show that pomegranate has been used as a folk
medicine from ancient times itself. As per the reviews, pomegranate fruit pos-
sesses antioxidant, anti-inflammatory, antiatherogenic and antitoxic effects.
The primary objective of this study was to evaluate the circulatory levels of se-
lected antioxidant and lipid peroxidation marker in healthy human volunteers
before and after pomegranate intake for a period of 0 - 90 days. As the secon-
dary objective of the study, we also assessed the toxic effects of pomegranate
supplementation by determining Hepatobiliary and Renal function tests. The
final result showed that majority of the study population showed a significant
increase in enzymic and non-enzymic antioxidants and a decrease in oxidative
stress after pomegranate intake without any observable toxicity in liver func-
tion and renal function. The significant healthy variations were more after the
intake of pomegranate for a period of 90 days than that of 45 days.
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1. Introduction

Epidemiologic studies have shown significant inverse relationship between the
incidence of various diseases and dietary intake of fruits and vegetables [1]. Free
radicals have been implicated in the pathogenesis of many diseases. There is a
growing evidence that excessive production of free radicals can cause or exacer-
bate many human diseases [2] [3]. Pomegranate has been used in folk medicine
from ancient times owing to its potential health benefits [4]. The various phyto-
chemicals present in this fruit are potent antioxidants and anti-inflammatory
agents, thereby counteracting oxidative damage and inflammation which is re-
sponsible for the pathogenesis of various diseases [5] [6] [7]. The antioxidant
property of pomegranate juice was shown to be three times higher than that of
red wine and green tea based on the evaluation of the free radical scavenging and
iron reducing capability of the juices [5]. It possesses significantly higher levels
of antioxidants in comparison with the commonly consumed fruit juices [8] [9].
The major antioxidant polyphenols present in the pomegranate fruit include the
ellagitannins and anthocyanins [10]. Punicalagin is the major ellagitannin pre-
sent in the fruit [11]. Clinical studies with relation to this fruit are comparably
lesser with that of animal trials. As there are only limited, but promising human
data, the present study aimed to further strengthen support for the unique anti-
oxidant and antiperoxidative properties of this healthy fruit. The primary objec-
tive of this study was to evaluate the circulatory levels of selected antioxidant and
lipid peroxidation marker in healthy human volunteers before and after pome-
granate intake for a period of 0 - 90 days. As the secondary objective of the
study, we also assessed the toxic effects of pomegranate supplementation by de-

termining hepatobiliary and renal function tests.

2. Materials and Methods

The work has been carried out at the Dept. of Medical Biochemistry, School of
Health Sciences, Kannur University. Ethical committee clearance has been ob-
tained for the conduct of this study. An informed consent was collected from
each participant prior to the study. A clinical proforma was given to each par-
ticipant to collect data such as height, weight, sex, dietary pattern and previous
history of illness. A total number of 40 healthy human volunteers in each group
(age group of 18 - 65 yrs) as adjudged from their clinical features were selected
for the study. They were divided into three groups as Group Ia—Healthy human
volunteers before pomegranate intake, Group Ib—Healthy Human volunteers
after 45 days of pomegranate intake and Group Ic—healthy human volunteers
after 90 days of Pomegranate intake. Pomegranate fresh fruit was purchased
from the local market of thalassery, kannur dist, kerala from where which the
people belong to the study normally purchase the fruits from. Dosage of the fruit
was fixed in such a manner that prior to this study another trial was conducted
in which varying doses of pomegranate were given to healthy human volunteers,

the varying doses were 50 g/day, 100 g/day, 150 g/day and 200 g/day out of these
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groups a a significant percentage difference in antioxidant activity and antiper-
oxidative activity were shown in groups which consumed at least 100 g/day and
more, so in this study 200 g/day was given, which showed maximal activity
among the varying dosages used for the study in the previous trials. Participants
suffering from any diseases/disorders that may interfere with the study were ex-
cluded. 5 mL of blood sample was taken for the analysis. Study was designed for
a period of 90 days. Blood samples were collected before the intake, 45 days after
the intake and 90 days after the intake of fresh pomegranate fruit at a dosage of
200 g/day. Serum/Plasma was separated and estimated using the standard meth-
ods. The major enzymic antioxidants analysed were Catalase (Maehly and Chance)
[11], Superoxide dismutase (Marklund & Marklund) [12], Glutathione peroxi-
dase (Paglia & Valentine) [13], Glutathione reductase (Goldberg and Spooner)
[14] and glutathione-S-transferase (Beutler) [15]; the major non-enzymic anti-
oxidants determined were glutathione (DTNB) [16], Vitamin C (2,6-Dichloro-
phenol Indophenol) [17] & Vitamin E (Baker & Frank) [17]. The lipid peroxida-
tion marker estimated was Malondialdehyde (Beuge et al) [18]. For determining
the toxic effects of the fruit, if any, Hepatobiliary function was assessed by de-
termining the levels of Total Bilirubin (Jendrassik & Grof) [19], Total Protein
(Biuret) [20], Albumin (BCG) [20], Globulin (Friedwald’s formulae), AST (UV,
Kinetic) [21], ALT (UV, Kinetic) [21] and ALP (pNPP-AMP) [21]; Renal func-
tion was assessed by estimating the levels of Urea (GLDH-Urease) [22], Uric
acid (Uricase/peroxidase) [22] and Creatinine (Jaffes) [22] according to the
methods mentioned in the parenthesis by authors names. The data was analysed
by using sigmaplot 13 version. P < 0.05 that was treated has statistically signifi-

cant.

3. Results

Inter group comparison of serum SOD levels (Table 1 & Table 2) shows a sta-
tistically significant increase between Group Ia and Ib (P < 0.003) with a highly
significant increase between Group Ia and Ic & Group Ib and Ic (P < 0.001). The
percentage increase was more in between Initial and final levels followed by Mid
and final level & Initial and Mid level in the order 12.8 > 8 > 4.4.

Inter group comparison of serum CAT levels (Table 1 & Table 2) shows a sta-
tistically significant increase between Group Ia and Ib (P < 0.049) with a highly
significant increase between Group Ia and Ic & Group Ib and Ic (P < 0.001). The
percentage increase was more in between Initial and final levels followed by Mid
and final level & Initial and Mid level in the order 62.4 > 37.9 > 17.7.

Inter group comparison of serum Glutathione peroxidase levels (Table 1 &
Table 3) shows a statistically significant increase between Ib and Ic (P < 0.005)
with a highly significant increase between Group Ia and Ic (P < 0.001). The per-
centage increase was more in between Initial and final levels followed by Mid
and final level & Initial and Mid level in the order 23.9 > 14.3 > 8.3. Even though

there is no statistically significant change between Group Ia and Ib there is a dif-
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ference in the mean percentage increase of value.

Inter group comparison of serum Glutathione reductase levels (Table 1 &
Table 3) shows a statistically significant increase between Ib and Ic (P = 0.005)
with a highly significant increase between Group Ia and Ic (P < 0.001). The per-
centage increase was more in between Initial and final levels followed by Mid
and final level & Initial and Mid level in the order 24.4 > 15.2 > 8.0. Eventhough
there is no statistically significant change between Group Ia and Ib there is a dif-
ference in the mean percentage increase of value.

Inter group comparison of serum Glutathione S transferase levels (Table 1 &
Table 3) shows a statistically significant increase between Ib and Ic (P = 0.049)
with more significant increase between Group Ia and Ic (P = 0.004). The per-
centage increase was more in between Initial and final levels followed by Mid
and final level & Initial and Mid level in the order 11.3 > 7.4 > 3.6. Eventhough
there is no statistically significant change between Group Ia and Ib there is a dif-
ference in the mean percentage increase of value.

Inter group comparison of serum Glutathione levels (Table 4 & Table 5)
shows a statistically significant increase between Ib and Ic (P = 0.01) with a
highly significant increase between Group Ia and Ic (P < 0.001). The percentage
increase was more in between Initial and final levels followed by Mid and final
level & Initial and Mid level in the order 21.0 > 12.5 > 7.5. Even though there is
no statistically significant change between Group Ia and Ib there is a difference
in the mean percentage increase of value.

Inter group comparison of serum Vitamin C levels (Table 4 & Table 5) shows
a statistically significant increase between Ib and Ic (P = 0.001) with a highly sig-
nificant increase between Group Ia and Ic (P < 0.001). The percentage increase
was more in between Initial and final levels followed by Mid and final level &
Initial and Mid level in the order 29.0 > 18.7 > 8.7. Even though there is no sta-
tistically significant change between Group Ia and Ib there is a difference in the
mean percentage increase of value

Inter group comparison of serum Vitamin E levels (Table 4 & Table 5) shows
a statistically significant increase between Group Ia and Ib (P = 0.001), with a
highly significant increase between Ia and Ic & Ib and Ic (P < 0.001). The per-
centage increase was more in between Initial and final levels followed by Mid
and final level & Initial and Mid level in the order 25.7 > 17.8 > 8.5.

Inter group comparison of serum MDA levels (Table 4 & Table 6) shows a
statistically highly significant decrease in all groups studied (P < 0.001). The
mean percentage decrease was more in between Initial and final levels followed
by Mid and final level & Initial and Mid level in the order —17.4 > —12.4 > -5.7.

Inter group comparison of Liver function parameters viz; serum Total
Bilirubin, Total Protein, Albumin and Globulin, AST, ALT, ALP (Table 7, Table
8, Table 9 & Table 10) and renal function parameters viz; Blood urea, serum
uric acid and creatinine (Table 11 & Table 12) were statistically insignificant in
all groups studied, showing that supplementation of pomegranate does not have

any toxic effects for the organs liver and kidney.
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Table 1. Mean * SD levels of enzymic antioxidants in Group I, before and after supple-

mentation of pomegranate fruits.

Parameter
SOD (U/mL) CAT (IU/L) GPX (U/L) GR(IU/L)  GST (IU/L)
Mean + SD
RR= RR= RR= RR= RR=
2.80 - 3.95 10 - 50 95 - 206 30 to 80 4.30 - 6.40
0 day (a) 3.13+0.12 18.6 £ 5.1 148.93 +22.86 49.62+848 4.97+0.48
GroupI 45day(b) 3.27+0.16 21.9+6.3 161.34 +£26.69 53.58 £10.54 5.15+0.57
90 day (c)  3.53+£0.20 302+6.0 184.49+28.48 61.75+8.68 5.53+0.69

Table 2. Inter Group comparison, t value, p value and mean difference % of SOD and CAT.

SOD CAT
Groups
t value p value MD % t value p value MD %
IaVsIb 3.031 0.003 4.4 2.004 0.049 17.7
TaVslc 8.660 <0.001 12.8 7.044 <0.001 62.4
IbVslc 5.629 <0.001 8 5.040 <0.001 37.9

Table 3. Inter Group comparison, t value, p value and mean difference % of GPX, GR

and GST.
GPX GR GST
Groups
tvalue pvalue MD% tvalue pvalue MD% tvalue pvalue MD %
IaVsIb 1.680 0.097* 8.3 1.509 0.136* 8 1.085 0.281* 3.6
TaVslc 4.814 <0.001 239 4.621 <0.001 244 3.377 0.004 11.3
IbVslc  3.134 0.005 14.3 3.113 0.005 15.2 2.291 0.049 7.4

Table 4. Mean * SD levels of non-enzymic antioxidants & MDA in Group I before and

after supplementation of pomegranate fruits.

Parameter
Mean + SD GSH (mg/dL) Vit. C (mg/dL) Vit. E (mg/L) MDA (nmol/mL)
RR=15-55 RR=0.6-14 RR=6-19 RR=8-20
0 day (a) 23.51 £3.50 0.69 £ 0.12 11.20 £ 0.90 8.45 + 0.35
GroupI 45 day (b) 25.28 +£3.82 0.75 £ 0.16 12.15+1.04 7.97 £0.26
90 day (c) 28.45 +4.20 0.89 £ 0.13 14.32 £1.10 6.98 £ 0.20

Table 5. Inter Group comparison, t value, p value and mean difference % of Glutathione,

Vit.C and Vit.E.
Glutathione Vitamin C Vitamin E
Groups
tvalue pvalue MD% tvalue pvalue MD% tvalue pvalue MD %
TaVsIb 1.625 0.108* 7.5 1.540 0.128* 8.7 3.303 0.001 8.5
TaVslc 4.536 <0.001 21 5.134 <0.001 29 10.849  <0.001 25.7
IbVslc 2911 0.010 12.5 3.594 0.001 18.7 7.545 <0.001 17.8
K2
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Table 6. Inter Group comparison, p value, t value and mean difference % of MDA.

MDA
Groups
t value p value MD %
IaVsIb 6.128 <0.001 =5.7
IaVslc 18.766 <0.001 -17.4
IbVslc 12.638 <0.001 -12.4

Table 7. Mean + SD levels of Liver function parameters in Group I, before and after sup-
plementation of Pomegranate fruits; (b) Mean + SD levels of Liver function parameters in
Group I, before and after supplementation of pomegranate fruits.

(a)
Parameter
Mean + SD Bilirubin (mg/dL) T. Protein (g/dL) Albumin (g/dL) Globulin (g/dL)
RR=02-1.0 RR=6-8 RR=35-5.0 RR=18-3.6
0 day (a) 0.34 + 0.08 6.82 + 0.410 4.18 £0.15 2.64 +0.26
GroupI 45 day (b) 0.36 £0.10 6.88 £ 0.56 4.22+0.11 2.66 £ 0.45
90 day (c) 0.39 +0.12 6.95 + 0.58 4.25+0.16 2.70 + 0.42
(®)
Parameter
Mean + SD AST (IU/L) ALT (IU/L) ALP (IU/L)
RR=8-40 RR=5-35 R.R=<350
0 day (a) 15.8 + 4.98 19.82 + 4.62 68.5 +15.35
GroupI 45 day (b) 16.68 = 3.06 20.26 £4.00 719 +17.8
90 day (c) 18.08 +5.42 21.17 £ 3.60 78.8 +22.96

Table 8. Inter group comparison, t value, p value and mean difference % of Bilirubin and

Total Protein.

Bilirubin T. Protein
Groups
t value p value MD % t value p value MD %
TaVsIb 0.698 0.488* 5.8 0.406 0.686* 0.9
IaVslc 1.745 0.235* 14.7 0.88 0.764* 1.9
IbVslc 1.047 0.508* 8.3 0.474 0.868* 1

Table 9. Inter group comparison, t value, p value and mean difference % of Albumin and

Globulin.
Albumin Globulin
Groups
t value p value MD % t value p value MD %
TaVsIb 0.998 0.540* 0.9 0.183 0.855* 0.8
IaVslc 1.747 0.234* 1.7 0.550 0.928* 2.3
IbVslc 0.749 0.456* 0.7 0.367 0.919* 1.5
17
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Table 10. Inter group comparison, p value, t value and mean difference % of AST, ALT
and ALP.
AST ALT ALP
Groups
tvalue pvalue MD% tvalue pvalue MD% tvalue pvalue MD %
IaVsIb 0.676 0.501* 5.6 0.380 0.705* 2.2 0.634 0.528* 4.9
IaVslc 1.752 0.232* 14.1 1.166 0.574* 6.8 1.920 0.166* 15
IbVslc 1.076 0.490* 8.4 0.786 0.68* 4.5 1.286 0.364* 9.6

Table 11. Mean + SD levels of Renal function parameters in Group I, before and after
supplementation of pomegranate fruits.

Parameter
Mean + SD Bl. Urea (mg/dL) Uric acid (mg/dL) Creatinine (mg/dL)
RR=15-40 RR=35-7.0 RR=06-14
0 day (a) 24.50 + 4.46 4.18 £0.95 0.91 £0.17
Group I 45 day (b) 23.33£3.32 4.46 + 0.820 0.88 +0.14
90 day (c) 25.24 +3.47 4.62 +0.68 0.95 +0.13

Table 12. Inter Group comparison, t value, p value and mean difference % of Bl.Urea,
Uric acid and Creatinine.

BlL.Urea Uric acid Creatinine
Groups
tvalue pvalue MD% tvalue pvalue MD% tvalue pvalue MD %
IaVsIb 1.093 0.479* -4.8 1.201 0.413* 6.7 0.718 0.475* -3.3
TaVslc 0.691 0.492* 3 1.888 0.178* 10.5 0.958 0.566* 4.4
IbVslc 1.785 0.218* 52 0.686 0.495* 3.6 1.676 0.266* 7.9

4. Discussion

Dose effects of supplementary feeding of Pomegranate in healthy human volun-
teers show that all enzymic and non-enzymic antioxidant levels were raised in
the blood significantly for both 45 days and 90 days of feeding without any ob-
servable toxicity. When we consider the effect of feeding highly significant dose
effects were observed in the group who were served pomegranate for 90 days.
Pomegranate fruits used in this experiment are fully enriched with several anti-
oxidants such as phytosterols, polyphenols, flavanoids, carotenoids and Vita-
mins especially E & C [9] [10]. In addition to the above, several minerals such as
iron that promote synthesis of haemoglobin and selenium,that promotes glu-
tathione peroxidase action are also there in this fruit. The finding that 90 days of
feeding with pomegranate was more effective than 45 days may be due to the
fact that the human body cells are more exposed to the antioxidants enriched
components of the fruit. Pomegranate contains antioxidants such as antho-
cyanins, ellagic acid, gallic acid, punic acid, catechin, EGCG, quercetin, rutin,
apigenin and other flavanoids ellagitannins and triterpenoids such as ursolic,

merlinic and ariatic acids, out of which EGCG is the strongest antioxidant with
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eight hydroxyl groups and this may be the reason that pomegranate activates the
enzymic and nonenzymic antioxidants of the body and reduces lipid peroxida-

tive effects.

5. Conclusion

The study has shown that consumption of 200 mg/day of Pomegranate exerts
beneficial effects in human body by increasing the antioxidant defense mecha-
nism and reducing lipid peroxidation without any observable toxicity. Pome-
granate contains various nutraceuticals which are all endowed with increasing
antioxidant activity and decreasing the oxidative stress. Most of the active prin-
ciples contained in the fruit must have protected the cells from oxidative stress
and the insignificant change in liver function and kidney function parameters
indicates that there is no toxic effect for this wonder fruit and as a result it can be
consumed in day-to-day life for increasing the antioxidant potential of the cells
and thereby the total health status of the body can be improved to a great extent.
Further clinical studies in this regard with large sample size have to be continued

in order to further strengthen the role of this fruit as an immune booster.
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