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• A  novel polybotanical multinutrient formula (PMF) IonShield® (Clinical Synergy Professional Formulas,
Santa Rosa, CA) contains several botanicals extracts, with published antioxidant protective effects,
including green tea (Camellia sinensis), holy basil leaf (Ocimum sanctum), ashwagandha (Withania
somnifera), astragalus root (Astragalus membranaceus), frankincense (Boswellia serrata), cat’s claw
bark (Uncaria tomentosa), blueberry (Cyanococcus vaccinium), vitamins and minerals.

• Prior publications on ingredients -
• Flavonoids, epigallocatechin gallate (EGCG), and other polyphenols found in green tea,

conferred radioprotection.
• Treatment of splenocytes with green tea active agent EGCG two hours prior to gamma

radiation protected cellular DNA against radiation induced strand breaks, inhibited cell death,
decreased lipid peroxidation and membrane damage, and restored levels of Glutathione.

• Holy basil extracts protected mice against gamma radiation-induced sickness and mortality,
selectively protected normal tissues against the effects of radiation, prevented radiation-induced
DNA damage, and protected lymphocyte cells exposed to genotoxic substances from induced
DNA strand breaks.

• The phytochemicals eugenol, rosmarinic acid, apigenin, myretenal, luteolin, β-sitosterol, and
carnosic acid from holy basil extract have prevented chemical-induced skin, liver, oral, and lung
cancers by increasing antioxidant activity, altering gene expression, inducing apoptosis, and
inhibiting metastasis and angiogenesis.

• Astragalus has demonstrated significant protection against induced oxidative damage, lipid
peroxidation, protein oxidation, and reactive oxygen species (ROS), and enhanced
mitochondrial function. Polysaccharide components found in Cordyceps (Cordyceps sinensis),
Reishi (Ganoderma lucidum), and Oyster Mushroom (Pleurotus ostreatus), account for their
demonstrated anti-inflammatory and antioxidant properties.

• Tumor necrosis factor-alpha (TNF-α) has been identified as a major mediator of inflammatory processes
and represents a promising target for the prevention of inflammatory toxicity.

• TNF-α has also been reported to induce nuclear factor-kappaB (NF-κB) production, and this protein is
inhibited by the presence of antioxidants.

• The transcription factor NF-κB is a key component of the inducible expression of a wide variety gene
that code for mediation of the immune and inflammatory response.

• Lipid peroxidation is the degradation of lipids that occurs because of oxidative damage and is a
useful marker for oxidative stress.

• Inflammation mediators such as cytokines, growth factors, and endotoxin have been shown to induce
cyclooxygenase (COX)-2 activity.
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 IonShield has significant MOA’s included inhibition of nuclear factor-kappa B (NF-kappaB), tumor 
necrosis factor-alpha (TNF-α), cyclooxygenase-2 (COX-2), and lipid peroxidation.

 The demonstration of antioxidant and anti-inflammatory properties suggest potential applications for 
the amelioration of effects related to oxidative stress and free radical damage.
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Study Purpose
• To analyze the anti-inflammatory and antioxidant properties, as well as mechanisms of action, of PMF

evaluated in a mouse macrophage cell line, RAW 264.7.

Study Design 

Antioxidant Activity
• Assay based on the formation of a ferryl myoglobin radical cation from metmyoglobin and hydrogen

peroxide, a soluble chromogen that is green in color, can be measured spectrophotometrically.
• Antioxidants suppress the production of the radical cation in a concentration dependent manner and

the color intensity decreases proportionally.
• Trolox, a water-soluble vitamin E analog, was used as a control antioxidant.

Lipopolysaccharide (LPS)-Induced TNF-α Synthesis
• Mouse macrophages treated with increasing concentrations of PMF in the presence and absence of LPS.
• PMF was added initially and after incubation for 2 hours at 37°C, 20 ng/mL LPS was added to

induce an inflammatory response. The plate was incubated for an additional 4 hours.
• TNF-α produced and secreted into the medium by the cells was analyzed by ELISA protocol.

Lipid Peroxidation
• Mouse macrophages treated with increasing concentrations of PMF (0-2000 μg/mL) at 37°C for

72 hours before they were challenged with 20 μM H2O2 overnight.
• Lipid peroxidation determined by the reaction of malondialdehyde (MDA) with thiobarbituric

acid (TBA) to form a colorimetric product proportional to the MDA present.
• The percentage of inhibition calculated based on untreated cells and plotted against PMF conc.

Nitric Oxide (NO) Synthesis
• Macrophages treated with increasing concentrations of PMF for 2 hours followed by NO stimulation

with LPS (20ng/mL) for 24 hours.
• Supernatants were collected and for analysis of nitrite and nitrate levels using the NO quantitation kit.

NF-κB Activation 
• Cells incubated with increasing concentrations of PMF for 48 h; nuclear proteins extracted.
• ELISA detection with NF-κB primary & secondary antibody reactions followed by substrate

color reactions.
• Decrease in absorbance vs. untreated sample indicated inhibition of NF-κB activation (%).

COX-2 Activity 
• COX activity assay kit, and COX-2 enzyme used for analyzing the effect of PMF on COX-2 activity

using a chemiluminescent substrate to detect the peroxidative activity of the COX- 2 enzyme.
• After inhibition with NSAIDS (Ibuprofen) or increasing concentrations of PMF, the residual activity

of COX-2 is measured by addition of a luminescent substrate and arachidonic acid. Light emission is
directly proportional to the COX-2 activity in the sample.
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Figure 1. Antioxidant activity of PMF. The activity equivalent to mM 
Trolox (Vitamin E analog) was analyzed using antioxidant assay kit and 
plotted against PMF concentrations (**p < 0.01, ***p < 0.001).

Figure 2. Inhibition of LPS-induced TNF-α (pg/ml) production by PMF 
in RAW 264.7 mouse macrophage cell line. The cells were treated 
with PMF and/or 20 ng/mL LPS in starvation medium and TNF-α 
analyzed by ELISA (***p < 0.001).

Figure 3. Inhibition of lipid peroxidation by PMF in RAW 264.7 mouse 
macrophage cell line. Lipid peroxidation was significantly inhibited by PMF 
treatment of macrophages (*p < 0.05, **p < 0.01).

Figure 5. Inhibition of NF-κB (p65) activation by PMF in RAW264.7 
macrophage cell line. NF-κB activation is inhibited significantly by PMF 
treatment of macrophage cells (*p <0.05, **p < 0.01).

Figure 4. Effect of PMF on nitric oxide synthesis in RAW 264.7 mouse 
macrophage cell line. Nitrate, and not nitrite levels, increased slightly with 
PMF treatment of macrophage cells (*p < 0.05, **p < 0.01).

Figure 6. Inhibition of COX-2 activity by polybotanical multinutrient formula. 
COX-II activity is very significantly inhibited by PMF (***p < 0.001).
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Results

Antioxidant Activity (Fig. 1)
 •   PMF showed dose-dependent elevation of antioxidant activity in lower doses up to 50 μg/mL. 
 •   PMF at 50 μg/mL has an activity equivalent to 1 mM dose of Trolox (vitamin E analog).

Lipopolysaccharide-Induced TNF-α Synthesis (Fig. 2)
 •   LPS treatment of RAW 264.7 cells induced TNF-α significantly (875.35 pg/mL) and a 
                dose-dependent inhibition was noticed with increasing concentrations of PMF. 
 •   Significant inhibition of TNF-α (90.86 pg/mL) occurred at 1000 μg/mL concentration
 •   Complete inhibition occurred at >2000 μg/mL.

Lipid Peroxidation (Fig. 3)
 •   PMF has significant inhibitory effect on H2O2 -induced lipid peroxidation. 
 •   PMF at 500 μg/mL had a 50% inhibitory effect.

Nitric Oxide Synthesis (Fig. 4) 
 •   PMF induced a small activation of nitric oxide at higher dose ranges of 2000 and 5000 μg/mL.

NF-κB Activation (Fig. 5)
 •   PMF had significant inhibitory effect on NF-κB activation.
 •   The activity decreased to 40% at 1000 μg/mL PMF as compared to the untreated control.
 •   Inhibition plateaued from 500 to 2000 μg/ml PMF concentrations. 

Cyclooxygenase-II Activity (Fig. 6)
 •   COX-2 activity was very significantly inhibited by PMF with >90% inhibition at 10 μg/mL. 

Summary
 •   Significant anti-inflammatory and antioxidant effects via were demonstrated.
 •   The investigation has demonstrated the mechanism underlying the antioxidant and anti-inflammatory 
                properties of PMF. 
 •   The inhibition of NF-κB, TNF-α, and COX-2 can occur at transcriptional, translational or post-
                translational levels. 
 •   The signaling pathways associated these genes can also be impacted by the formula.
 •   Significant MOA’s included inhibition of NF-κB, TNF-α, and COX-2 which can occur at transcriptional, 
                translational or post-translational levels. 
 •   Lipid peroxidation was significantly inhibited. 
 •   The demonstration of antioxidant and anti-inflammatory properties suggest potential applications for the 
                amelioration of effects related to oxidative stress and free radical damage.
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