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ABSTRACT
Morinda citrifolia L. (noni) has been indicated to treat a variety of
disorders; however, important aspects surrounding the consumption
of products derived from noni still require clarification. We
investigated the immune-related effects produced by the
consumption of noni fruit juice by C57BL/6 mice. In the intestine,
IL-4 and IL-10 levels were reduced following consumption of the
fruit juice at a 1:100 dilution. However, when the highest
concentrations were administered, IFN-γ, TNF-α and IL-12 levels
increased in this organ. Similarly, IFN-γ, TNF-α, IL-12, IL-4, IL-23 and
IL-10 levels increased in the liver. In the kidney, IL-12 production
decreased following consumption of the juice at a 1:100 dilution.
In the intestine, only a mild edema was observed followed by the
consumption of noni fruit juice at the highest concentrations.
Overall, noni fruit juice consumption did not cause any significant
disturbances in liver or kidney outside of immune modulation.
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Introduction

The Morinda citrifolia L. (Rubiaceae) plant, also known as “noni,” has been used for over
2000 years as food and medicine either alone or in combination with other plants. Noni
appears to have originated in Asia and is also cultivated in Oceania, the Caribbean, Central
America and northern South America (Wang et al., 2002; Whistler, 1985).

Noni plant leaves have been used as a topical medicine to treat skin wounds (Pawlus &
Kinghorn, 2007). Commercial consumption of noni juice has also increased in recent
decades (Dixon, McMillen, & Etkin, 1999). Different preparations of the plant, including
extracts of the leaves, stem bark, and roots, serve as reservoirs of molecules that, both alone
and in combination, have been used in vivo and in vitro to constrain cancer cell prolifer-
ation (Gupta, Banerjee, Pathak, Sharma, & Singh, 2013; Huang et al., 2016), infections
(Huang, Ko, Yan, & Wang, 2014; Suzuki et al., 2015), inflammation (Basar, Uhlenhut,
Hogger, Schone, & Westendorf, 2010) and diabetes (Lee et al., 2012), among other dis-
eases. Great effort has been made by researchers around the world to better understand
the mechanisms related to the effects observed with noni use. Extracts of the noni plant
have shown both anti-inflammatory and pro-inflammatory effects (Dussossoy et al.,
2011; Palu et al., 2008), and what often distinguishes these findings is the experimental
model used. Approximately 200 bioactive molecules can be derived from noni, as reviewed
by Singh (2012), but the aspects governing the biological behavior of these molecules,
whether alone or in combination, are not fully defined.

Different studies have demonstrated the beneficial effects of noni and its derivative pro-
ducts (Gooda Sahib Jambocus et al., 2016; Lee et al., 2012; Lin, Chang, Yang, Tzang, &
Chen, 2013; Wang et al., 2002); however, the safety and value of these products remain
controversial. For example, a few cases of hepatitis were reported after noni juice con-
sumption (Millonig, Stadlmann, & Vogel, 2005; Stadlbauer, Weiss, Payer, & Stauber,
2008). However, these results have been challenged, for example, one study showed that
noni fruit juice exposure had no impact on liver cell toxicity either in vitro or in vivo,
even when over 90 ml of noni fruit juice/kg/day was administered for 90 days to
Sprague-Dawley rats (West, Su, & Jensen, 2009).

Although the immunomodulatory effects of noni and its derivatives have already been
described in vivo, how these substances affect cytokine production in key metabolic and
excretory organs, including the intestine, liver and kidney, has not yet been explored.
Due to the physiological and metabolic importance of these organs, this study aimed to
evaluate the impact of short-term consumption of fresh noni fruit juice in mice on
organ architecture, cell toxicity and organ functionality as well as on cytokine production.

Materials and methods

Collection and botanic identification of the plant

The fruits used in this study were obtained from the monoculture of 150 noni plants located
18°43′47.23′′S and 48°6′49.50′′O (data fromGoogle Earth, 2013) on the farm “Boa Vontade”
(Municipality of “Araguari – Triângulo Mineiro/MG,” Brazil). All the material was prepared
in accordance with common herborization methodology (Oliveira & Akisue, 2000) and was
deposited in the Herbarium of the Universidade Federal de Uberlândia (HUFU Herbarium)
under the registration number HUFU-67210 as Morinda citrifolia L. (Rubiaceae).
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Juice extraction process

Morinda citrifolia (noni) juice was prepared in the Laboratory of Pharmacognosy of
University of Uberaba, Uberaba, Minas Gerais Brazil. M. citrifolia fruit was manually
and randomly collected from 150 plants, washed in ozonized water and kept at room
temperature for 3–5 days. The fruits were mechanically pulped in a fruit depulper;
after seed removal, the resulting pulp was centrifuged under refrigeration at 4000 rpm
until a supernatant was obtained, which was considered 100% (v/v) juice and stored
at −70°C until further use.

Animal studies

Male C57BL/6 mice aged 6–8 weeks and weighing 20–25 g were maintained under a
controlled temperature (25°C) in specific pathogen-free and standard controlled
environmental conditions with a 12-h light/dark cycle and food and water ad
libitum in the animal housing facility at the Federal University of Triângulo
Mineiro. All animal studies were performed in accordance with the Institutional
Animal Care and Use Committee of the Federal University of Triângulo Mineiro
(Brazil) under protocol 275. The experiments were performed with eight mice/group
as follows: saline, healthy control mice treated with saline; pure noni, animals
treated with the pure M. citrifolia fruit juice; noni 1:10, mice treated with a 1:10
dilution of the fruit juice; and noni 1:100, mice treated with a 1:100 dilution of the
fruit juice. Treatments were administered orally for nine consecutive days in a
volume of 100 µl per mouse. Each animal was placed in an individual metabolic
cage 24 h prior to euthanasia.

Peripheral blood collection, leukocyte counts and biochemical parameters

Blood smears were stained with panoptic stain (Laborclin Products for Laboratory Ltd,
Pinhais, PR, Brazil). Total white blood cells were counted using a Neubauer chamber.
Plasma was used to measure total protein (g/dl), plasma albumin (g/dl), plasma globulin
(g/dl), aspartate transaminase (U/l), alanine transaminase (U/l), alkaline phosphatase
(U/l), urinary excretion (ml/24 h), urinary protein (mg/dl), urinary urea (mg/dl), creati-
nine clearance (ml/min), plasma sodium (mmol/L), plasma potassium (mmol/L) and
plasma chloride (mmol/L). All analyses were performed using an automated system
(Cobas® Integra 400) following the manufacturer’s instructions (Roche Diagnostics Ltd,
Rotkreuz, Switzerland). Glomerular filtration rate was estimated by determining
creatinine clearance as previously described (Rodrigues, Miguel, Napimoga, Oliveira, &
Lazo-Chica, 2014).

Cytokine quantification by ELISA

The cytokines IL-10, IL-17, IFN-γ, TNF-α, IL-12, IL-4 and IL-23 were quantified by sub-
jecting tissue homogenates to enzyme-linked immunosorbent assays (ELISA) according to
the manufacturer’s instructions (BD Biosciences, San Jose, CA, USA).
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Histology and histopathological analysis

To assess macroscopic damage, each tissue was exposed longitudinally, flushed with Phos-
phate buffered saline, placed in 10% buffered formalin for 24 h and then processed for par-
affin embedding followed by microtomy. Tissue sections (5 μm) were obtained and
stained with hematoxylin and eosin. For histopathological analysis, kidney evaluation
was performed. This consisted of analyses of two regions (cortex and medulla) and the
following four compartments: glomeruli, tubules, interstitium and vessels. In the liver,
the following regions in the parenchyma were evaluated: port space, periportal, intermedi-
ate zone and lobular center. Within these regions, the presence of degenerative changes
and necrotic and inflammatory infiltrate were assessed. In the intestine, the mucosa,
sub mucosa, muscle and serosa were evaluated. These intestinal sections were also assessed
for the presence of edema, inflammatory infiltrate and epithelial abnormalities.

Images were captured using a 10× objective through a digital video camera (Evolution
MP 5.0 color Media Cybernetics, Silver Spring, MD, USA) coupled to a light microscope
(Nikon – Eclipse 50i, Melville, NY, USA). Morphometry was performed using Image-Pro
Insight (Media Cybernetics). Inflammatory infiltrate was measured based on the damaged
area containing inflammatory infiltrate divided by the total area of tissue visualized in the
acquired image and was expressed as a percentage (%). Histopathological analysis was per-
formed by a trained pathologist who was blinded to treatment information.

Data analysis and statistics

For all of the variables, the normal distribution and homogeneous variance were tested.
When the distribution was considered normal and the variance was homogeneous, para-
metric tests were used (unpaired Student’s t-test or one-way ANOVA with Tukey’s post
hoc test). In cases of non-Gaussian data distribution, the Mann–Whitney or Kruskal–
Wallis (Dunn’s) nonparametric tests were used. The results were expressed as the
mean ± SD. The observed differences were considered significant when p < .05 (5%). Stat-
istical analysis was performed using GraphPad Prism, version 5.0 (La Jolla, CA, USA).

Results

Noni juice consumption increases leukocyte numbers in a dose-dependent
manner

Because treatment with drugs and/or natural compounds may cause variations in body
weight, weight loss was measured in mice treated with or without noni juice. Regardless
of the concentration used, the mice that were administered the fruit juice did not show
any differences in weight loss (Figure 1(a)) compared to their vehicle-treated counterparts.

Owing to the importance of modulating circulating leukocyte populations in different
physiological and pathological conditions, we assessed the effects of noni juice consump-
tion on leukocyte populations in the blood. Notably, only the pure juice was capable of
increasing the number of total leukocytes (Figure 1(b)). This increase appeared to result
from changes in the polymorph nuclear cell population (Figure 1(d)) rather than the
mononuclear cell population, specifically to changes in lymphocyte (Figure 1(c)) and
monocyte populations (Figure 1(e)).
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Noni juice consumption does not affect liver or kidney function

The liver and kidney have key roles in metabolism and excretion; therefore, we assessed
the impact of a 9-day period of noni juice consumption on the functionality of these
organs. Blood tests were performed in mice administered vehicle or noni juice, and the

Figure 1. Noni fruit juice increases leukocyte counts in a dose-dependent manner. Experiments were
performed with the following treatment groups (eight mice/group): saline, healthy control mice admi-
nistered saline; pure noni, animals administered pure juice from M. citrifolia fruit; noni 1:10, mice admi-
nistered a 1:10 dilution of juice; noni 1:100, mice administered a 1:100 dilution of juice. Noni juice was
administered orally in a volume of 100 µl per mouse for nine consecutive days. Body weight variations
(a) were recorded during the noni juice regimen, and total leukocytes (b), lymphocytes (c) neutrophils
(d) and monocytes (e) were recorded on the day of euthanasia. *p < .05.
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results are shown in Tables 1 and 2. Remarkably, noni juice consumption did not alter
liver or kidney function, regardless of the concentration used (Tables 1 and 2). These
results suggest that oral administration of noni juice for 9 days does not affect body
weight and does not impact biochemical markers of liver and kidney functionality.
However, noni juice consumption did increase leukocyte populations in a dose-dependent
manner, as shown in Figure 1(b).

Noni juice modulates cytokine levels in the intestine

Three steps are required for the metabolism of ingested elements: absorption, metabolism
and excretion. To investigate the impact of noni juice consumption on these functions, the
architecture and immune response of the intestine were assessed. The intestine was the first
organ assessed because it has a key role in drug metabolism and absorption. The vehicle-
treated group (Figure 2(a)) showed mild edema in all of the epithelial layers, which was
similar to that observed in the 1:100 noni group (Figure 2(d)). Notably, mice that received
noni fruit juice at higher concentrations (pure and 1:10) displayed greater edema and
increased inflammatory infiltrate in the mucosal and sub mucosal layers. The edema
and inflammatory infiltrate were more pronounced in the mice administered pure juice
(Figure 2(b,c)).

Next, we investigated the impact of noni juice on cytokine production in the intestine.
Treatment with either pure or 1:10 diluted noni juice increased the levels of the inflamma-
tory cytokines IFN-γ (Figure 2(e)) and TNF-α (Figure 2(f)). Similarly, augmented levels of
IL-12 (Figure 2(g)) were detected but only when the juice was diluted 1:10. Treatment
using the 1:100 dilution reduced the production of the Th2 cytokine IL-4 (Figure 2(h))
and the putative regulatory cytokine IL-10 (Figure 2(k)). However, no effects on the intes-
tinal production of IL-17 and IL-23 were observed (Figure 2(i,j), respectively). Taken
together, these results suggest that noni juice has different effects on cytokine production

Table 2. Kidney function – biochemical plasma profiles of mice treated with saline or noni juice.
Kidney function Saline Pure noni Noni 1:10 Noni 1:100

Urinary excretion (ml/24 h) 0.7 (0.3) 1. (0.4) 0.7 (0.41) 0.92 (0.42)
Urinary protein (mg/dl) 153.4 (98.43) 88.83 (58.51) 114.7 (56.33) 129.8 (46.11)
Urinary urea (mg/dl) 1813 (388.6) 1369 (181.0) 1551 (838.8) 2489 (2828)
Creatinine clearance (ml/min) 0.025 (0.028) 0.126 (0.3135) 0.217 (0.4167) 0.175 (0.4158)
BUN/creatinine 118.4 (13.74) 114.6 (8.863) 105.5 (30.43) 103 (20.6)
Plasma sodium (mmol/l) 149.3 (11.68) 159.8 (20.55) 148.3 (12.37) 143 (10.8)
Plasma potassium (mmol/l) 6.97 (0.93) 6.86 (1.2) 6.61 (0.58) 6.47 (0.55)
Plasma chloride (mmol/l) 109.6 (12.69) 120.1 (15.69) 112.3 (8.528) 103.6 (18.07)

Table 1. Liver function – biochemical plasma profiles of mice treated with saline or noni juice.
Liver function/Groups Saline Pure noni Noni 1:10 Noni 1:100

Total protein (g/dl) 5.15 (0.59) 5.41 (0.51) 5.23 (0.96) 5.1 (0.86)
Plasma albumin (g/dl) 3.53 (0.49) 3.59 (0.31) 3.41 (0.53) 3.22 (0.56)
Plasma globulin (g/dl) 1.72 (0.46) 1.81 (0.69) 1.82 (0.76) 1.88 (0.72)
Albumin/globulin ratio 2.13 (0.68) 2.24 (0.80) 2.07 (0.62) 2.01 (0.96)
Aspartate transaminase (U/l) 370.4 (194.5) 320.8 (161.0) 273.3 (150.9) 228.9 (90.5)
Alanine transaminase (U/l) 156.5 (90.07) 210.2 (136.6) 122.3 (36.32) 109.2 (49.87)
Alkaline phosphatase (U/l) 169.4 (54.20) 150.4 (59.07) 142.2 (61.16) 111.4 (50.86)

Note: The results are expressed as the mean ± standard deviation.
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within the intestine. Furthermore, noni juice appeared to induce edema and increase the
presence of inflammatory infiltrate within intestinal tissues when administered at the
highest concentration.

Noni juice differentially modulates cytokine levels in the liver

Next, we investigated the effects of noni juice on the liver because of the importance of this
organ in metabolism. Interestingly, regardless of the concentration used, no alterations in

Figure 2. Noni juice modulates cytokine levels in the intestine. Experiments were performed with the
following treatment groups (eight mice/group): saline, healthy control mice administered saline; pure
noni, animals administered pure juice from M. citrifolia fruit; noni 1:10, mice administered a 1:10
dilution of juice; noni 1:100, mice administered a 1:100 dilution of juice. Noni fruit juice was given
orally in a volume of 100 µl per mouse for nine consecutive days. Colon segments were collected, pro-
cessed and analyzed at the conclusion of the 9-day treatment. (a) Histopathological analysis of colon
tissue from saline-treated mice. In the lamina propria, there was slight edema (black arrows), normal
infiltrate of mononuclear cells and lymphoid aggregates (primary lymphoid follicle). There was also
slight edema and serous fluid in the submucosal layer (black arrows). The muscular layer was
normal. (b): Upper right panel: in the mice administered pure juice, edema (black arrows) and cellular
infiltrate were observed in the mucosal and submucosal layers (white arrows). (c) Lower left panel: mice
in the noni 1:10 group exhibited changes similar to those observed in B, namely, edema (black arrows)
and cellular infiltrate, but with lower intensity (white arrows). (d) Lower right panel: mice in the noni
1:100 group showed slight swelling of the mucosa and submucosa (black arrows). Enzyme-linked
immunosorbent assay (ELISA) was used to assess gut homogenates for the presence of (e) IFN-γ, (f)
TNF-α, (g) IL-12, (h) IL-4, (i) IL-17, (j) IL-23 and (k) IL-10. The results are expressed as nanograms of cyto-
kine per milliliter of homogenate supernatant and normalized by tissue weight. *p < .05.
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liver architecture were observed in the mice receiving noni juice compared to those receiv-
ing vehicle (data not shown). Remarkably, similarly to what was observed in the intestine,
noni juice modulated the levels of different cytokines in the liver. When pure juice was
administered, the levels of IFN-γ (Figure 3(a)), TNF-α (Figure 3(b)), IL-12 (Figure 3(c))
and IL-4 (Figure 3(d)) increased. Furthermore, all juice concentrations tested increased
the levels of IL-23 (Figure 3(f)) compared to those measured in mice receiving vehicle.
Pure noni juice also increased the production of the putative regulatory cytokine IL-10
(Figure 3(g)), although not to the extent observed with IL-23. However, noni juice did
not increase IL-17 production in the liver (Figure 3(e)). Altogether, these results suggest
that noni juice has a dose-dependent effect on cytokine production in the liver.

Cytokine modulation in the kidney is not as pronounced as in other organs

Although no alterations in kidney function were detected in serum samples from the mice
receiving noni juice, we assessed the impact of juice intake on kidney architecture and
cytokine production. Similar to what was observed in the liver, no histopathological altera-
tions were detected in the kidneys of the mice that received noni juice, regardless of the

Figure 2. Continued
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concentration used (data not shown). Interestingly, only mice receiving noni juice diluted
1:10 showed increased levels of the inflammatory cytokine IL-12 (Figure 4(c)). However,
no alterations were observed in the levels of IFN-γ (Figure 4(a)), TNF-α (Figure 4(b)), IL-4
(Figure 4(d)), IL-17 (Figure 4(e)), IL-23 (Figure 4(f)) or IL-4 (Figure 4(g)). Compared to
the other organs examined, noni juice exerted only minor effects on cytokine production
in the kidney. These differences in cytokine levels in different organs suggest that the
active compounds in noni were almost completely metabolized before reaching the
kidney, which explains why only minor changes in cytokine levels were observed in this
organ.

Figure 3. Noni juice modulates cytokine levels in the liver. Experiments were performed with the fol-
lowing treatment groups (eight mice/group): saline, healthy control mice administered saline; pure
noni, animals administered pure juice from M. citrifolia fruit; noni 1:10, mice administered a 1:10
dilution of juice; noni 1:100, mice administered a 1:100 dilution of juice. Noni fruit juice was adminis-
tered orally in a volume of 100 µl per mouse for nine consecutive days. Liver segments were collected,
processed and analyzed at the conclusion of the 9-day treatment. Enzyme-linked immunosorbent assay
(ELISA) was used to measure the levels of the following cytokines in the tissue homogenates: (a) IFN-γ,
(b) TNF-α, (c) IL-12, (d) IL-4, (e) IL-17, (f) IL-23 and (g) IL-10. The results are expressed as nanograms of
cytokine per milliliter of homogenate supernatant and normalized by tissue weight. *p < .05.
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Discussion

The results presented here demonstrate that short-term (9 days) consumption of noni fruit
juice can modulate cytokine levels in key metabolic and excretory organs. Furthermore,
pure fruit juice intake produced only minor effects on intestinal architecture and inflam-
matory infiltrate. Although moderate edema was observed following the consumption of
either pure noni fruit juice or juice diluted 1:10, no other significant deleterious effects on
the functionality and architecture of the liver and kidney were detected.

Figure 4. Cytokine modulation in kidney was not as prominent as in other organs. Experiments were
performed with the following treatment groups (eight mice/group): saline, healthy control mice admi-
nistered saline; pure noni, animals administered pure juice from M. citrifolia fruit; noni 1:10, mice admi-
nistered a 1:10 dilution of juice; noni 1:100, mice administered a 1:100 dilution of juice. Noni fruit juice
was administered orally in a volume of 100 µl per mouse for nine consecutive days. Kidney samples
were collected, processed and analyzed at the conclusion of the 9-day treatment. Enzyme-linked immu-
nosorbent assay (ELISA) was used to measure the levels of the following cytokines in the tissue hom-
ogenates: (a) IFN-γ, (b) TNF-α, (c) IL-12, (d) IL-4, (e) IL-17, (f) IL-23 and (g) IL-10. The results are expressed
as nanograms of cytokine per milliliter of homogenate supernatant and normalized by tissue weight.
*p < .05.
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One of the primary concerns regarding the use of natural products is their potential
impact on physiology and organ functionality with regard to absorption, metabolism
and excretion. Because the intestine is a key organ involved in absorption and metabolism,
the beneficial effects of noni consumption on this organ were already demonstrated
(Huang, Liu, Chou, Ko, & Wang, 2015). Noni fruit juice extract promoted the growth
of probiotic bacteria, primarily Lactobacillus and Bifidobacterium species, in human
fecal samples (Huang et al., 2015). Furthermore, the extract downregulated intracellular
oxidation and inflammation by suppressing cyclooxygenase-2 (COX-2), IL-8, and prosta-
glandin E2 (PGE2) production in Caco-2 cells (Huang et al., 2015). Despite the differences
in experimental models and the fact that we did not investigate the impact of noni fruit
juice consumption on the modulation of intestinal microbiota, our results showed that
the juice produced no deleterious effects with regard to weight loss or intestinal architec-
ture, outside of the presence of edema. In this work, we only evaluated a 9-day course of
noni consumption, and therefore we cannot estimate the longer term effects of the juice.
Thus, further studies exploring the effects of long-term juice consumption are required.

Liver toxicity is another concern associated with the use of natural products. An
aqueous extract of noni fruit protected mice from developing chemically induced
hepatic injury and also suppressed elevations in liver enzyme activity (Wang, Nowicki,
Anderson, Jensen, & West, 2008). The protective effect of noni on liver function was
further elucidated in an experimental model of alcohol-induced liver injury in mice
(Chang et al., 2013). The beneficial role of noni in this case was primarily attributed to
the regulation of lipid homeostasis, antioxidant activity and alcohol metabolism (Chang
et al., 2013). Furthermore, supplementation with noni fruit juice at both 3.6 and
9 ml/kg was able to protect hamsters fed a high-fat diet from developing liver injuries
by regulating antioxidant activity and modulating immune responses (Lin et al., 2013).
Thus far, the majority of published studies have not associated deleterious effects on
liver functionality with noni consumption (Chang et al., 2013; Gooda Sahib Jambocus
et al., 2016; Wang et al., 2008); however, a few studies have shown that noni consumption
might lead to liver injury (Millonig et al., 2005; Stadlbauer et al., 2008). In the present
study, noni fruit juice consumption did not induce histological disturbances in the liver
or affect liver enzyme activity, which suggests that short-term consumption of noni
fruit juice does not deleteriously affect liver functionality.

Excretion is the final component of consideration for pharmacokinetic analysis; thus, it
was necessary to assess kidney function when evaluating the safety of noni juice consump-
tion. However, data regarding the nephrotoxicity associated with the intake of different
noni products are scarce. Though not directly toxic, it was shown that patients with
chronic kidney disease should avoid 100% noni juice consumption due to its high potass-
ium content (Mueller, Scott, Sowinski, & Prag, 2000). The potassium content in noni fruit
juice is similar to that in orange and tomato juice, two juices that are also limited in kidney
patients (Mueller et al., 2000). Additionally, although it did not impair kidney function,
noni fruit juice consumption was unable to prevent doxorubicin-induced kidney
damage in rats (Buranakarl, Kalandakanond-Thongsong, & Pondeenana, 2008).
Another study suggested that consumption of noni juice at 5 or 10 mg/kg produces a
diuretic effect in normal rats (Shenoy et al., 2011). In contrast, the present study
showed no differences in potassium urinary levels in mice following noni fruit juice con-
sumption, and no diuretic properties were observed in relation to the juice. Furthermore,
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kidney function was not impaired regardless of the concentration of juice administered,
which reinforces the observation that short-term consumption of noni fruit juice has
no deleterious effects on kidney function. We believe that the differences between the
results in our present study and previously published studies may result from differences
in the experimental model, experimental duration, and type of noni product used.

Among the different effects that result from consumption of noni fruit juice and its
derivatives, those related to cancer and immunomodulation are probably the best
known. In accordance with our data, previous studies have shown that noni fruit juice
consumption modulates immune responses in vivo and in vitro through the suppression
of IL-4 production (Hirazumi & Furusawa, 1999; Hirazumi, Furusawa, Chou, & Hokama,
1994; Palu et al., 2008; Sunder, Sujatha, & Kundu, 2016) and the induction of IFN-γ, TNF,
IL-1ß, IL-10 and IL-12 production (Hirazumi & Furusawa, 1999; Palu et al., 2008).
Additionally, our data indicated that noni fruit juice consumption produces varying
effects on the modulation of IL-23, IL-10, IL-4 and IL-12 in different organs, with opposite
trends observed in the intestine and liver for the modulation of IL-4 and IL-10. The role of
noni fruit juice consumption in the development of a Th1-dominant immune status was
shown in a previous study, and this effect helped restrain tumor growth in mice (Furu-
sawa, Hirazumi, Story, & Jensen, 2003). Furthermore, the ability of noni fruit powder
to stimulate the proliferation of T and B cells was demonstrated in a previous study
(Nayak & Mengi, 2010). These results reinforce the importance of noni fruit juice as an
immune system enhancer.

Finally, as the juice of noni fruit serves as a reservoir of immune modulatory molecules,
we cannot underestimate the participation of these molecules in the cytokine modulation
observed in the present study. Fatty acid glycosides, which are produced from reactions
between fatty acids and glucose, have been isolated from noni fruit. These molecules
increase the production of IFN-γ in addition to reducing IL-4 (Smith, Tran, Richards,
& Luo, 2015), which is a similar pattern to that observed in the intestine (for both cyto-
kines) and liver (only for IFN-γ) in our study. Similarly, a polysaccharide-rich substance
known as Noni-ppt that can be isolated from the juice of Noni fruit also showed the ability
to induce a Th1 immune status in DBA/2, C57BL/6 and BALB/c mice inoculated with
ascites sarcoma 180 (S180) tumor cells (Furusawa et al., 2003). When Noni-ppt was par-
tially characterized via chromatography, glucuronic acid, galactose, arabinose and rham-
nose were identified as key compounds (Hirazumi & Furusawa, 1999). Hirazumi and
Furusawa (1999) also showed that peritoneal exudate cells, thymocytes and splenocytes
harvested from mice treated with Noni-ppt display increased levels of TNF-α, IL-1β,
IL-10, IL-12, IFN- γ and nitric oxide (NO) and reduced levels of IL-4. Although the
roles of these molecules were not investigated in the present work, their importance in
immune modulation cannot be excluded based on our results.

Altogether, our findings indicate that short-term consumption of noni fruit juice does
not trigger any significant disturbances in the liver or kidneys of mice. However, the obser-
vation that short-term consumption of noni fruit juice induced edema in the intestine
should be further explored in longer term models of consumption. Furthermore, the
observed immune effects of noni juice in different organs reinforce the need for additional
studies examining the immune modulatory molecules present in this juice and their roles
in health and disease.
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