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The term Targeted Nutritional Intervention (TNI) was first used by W. James Croom Jnr, PhD, to 
describe the manipulation of gene expression through nutrition. In 1993, a team of prominent 
scientists from the USA, inspired by biochemist Dixie Lawrence, tested the theory of TNI. They 
formulated the first nutrigenomic supplement for people with Down Syndrome (DS).1 The full 
protocol has been tested in three third-party clinical trials: the first published in the German 
Journal of Pediatrics in 2001 by Matthias Gelb,2 and the second and third by N. Miguid from 
the University of Cairo, Egypt, published in 20023 and 2015.4  TNI uses two specific formulas: 
Nutrigenomic Support for Down Syndrome and Polyphenols for Down Syndrome, which have been 
specifically designed to target gene overexpression, alongside Tryptophan for Sleep and Growth 
and Digestive Support for Down Syndrome to support healthy sleep and digestion, respectively. 
The full TNI protocol also includes fish oil, curcumin, glutathione and organic green papaya 
powder, used at very low and specific doses, as high dosing is counterproductive to treatment. 
EGCg is also recommended four hours away from folate supplementation.

Miguid’s (2015) research showed that at baseline (before taking TNI), DS patients had significant 
increases of SOD activity (p<0.01) and significant decreases in GST and GSH activities (p<0.01), 
compared to controls. Following TNI supplementation, increased catalase and glutathione activity 
reduce the effects of SOD1, as outlined in Table 2 and Figures 1 and 2.15

Figure 1: Antioxidant Enzymes Activities in DS Children and Controls.17

Figure 2: Antioxidant Enzymes Activities and in DS Children Pre- and 
Post-Nutritional Supplementation.18

Figure 1: Antioxidant Enzymes Activities and in DS Children and Controls.17

Each value represents the mean +/-SE:  
Controls (n=20); Down Syndrome (n=21) 
P1:DS versus control;P2; DS (Pre) versus DS (Post) p>0.05+ significant* 

Table 2: Mean Levels of Investigated Parameters in Controls and DS Children.16

* n = 80; ** n = 38 

Particular attention needs to be given to specific genetic subgroups, such as DS, when 
formulating nutritional plans. Substantial scientific evidence exists to support the use of 
nutritional supplements in this group and needs to be referred to in clinical practice. As TNI 
becomes better understood, nutritional treatment of people with DS will improve, allowing 
gene expression and cell functioning to occur normally and sustain homeostasis.

References available on request.
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 www.theconsciouspod.com

Prameters/Child 
Group 

Control Group Without 
TNI* Children with TNI** Normal Values

IgA 52 (32 - 211) 180 (80 - 325) 70 - 400

Cholesterol (fasting) 162 (98 - 265) 155 (102 - 232) <200

HDL (fasting) 38 (23 - 76) 48 (33 - 95) >35

LDL (fasting) 98 (76 - 164) 85 (54 - 143) <155

Slenenium 32 (28 - 72) 81 (61 - 91) 53 - 105

Vitamin A 0.3 (0.1 - 2.0) 0.9 (1.5) 0.2 - 1.2

Vitamin E 4.2 (0.2 - 22) 8 (2.5 - 16) 3.0 - 14

Group
SOD

(U/g Hb)

CAT

(KU/gHb)

GPx

(U/g Hb)

GR

(U/g Hb)

GST

(U/g Hb)

GSH

(umol/g Hb)

Controls 705 +/- 65 391 +/- 56.4 19 +/- 0.6 2.92 +/- 
0.235 6.60 +/- 0.69 10.3 +/- 4.2

Down 
Syndrome 

(pre)
1472 +/- 171 427 +/- 51.4 23.2 +/- 2.32 2.99 +/- 

0.337
2.28 +/- 

0.334
7.05 +/- 

0.652

P1 <0.01* >0.05 >0.05 >0.05 <0.01* <0.01*

Down 
Syndrome 

(post)
1510 +/- 196 650 +/- 87 45.4 +/- 5.44 2.79 +/ 0.342 1.96 +/- 0.25 7.59 +/ 0.532

P2 >0.05 <0.05* <0.01* >0.05 >0.05 0.05
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Table 4: Percentage of Each Consumed Listed Nutrient 

(Nutrients shown are based on 8.2 gm dose) 

Statistical analysis 
Statistical analyses were performed using the Statistical Package for Social Sciences (SPSS/Windows Version 9.05, 
SPSS Inc., Chicago, IL, USA).Student's t-test was used; data were expressed as mean ± SE, p-values less than 0.05 
were considered statistically significant. 

RESULTS AND DISCUSSION 

The present study showed the following results before taking formula X, significant increase of SOD activity in DS 
patients (p<0.01), significant decrease of   GST and GSH activities in DS patients (p<0.01) compared to controls. 
On the other hand no change in GPx, GR and CAT levels were detected. After taking formula X, for six months 
level of GSH, SOD, GR, and GST showed no statistical difference. However, CAT and GPx level is significantly 
increased  (p<0.05, p<0. 01 respectively) (Table 5) (Figure1,2).   

Table 5: Mean Levels of Investigated parameters in Controls and DS Children 

Group SOD  
(U/gHb) 

CAT 
(KU/g Hb) 

GPx 
(U/g Hb) 

GR 
(U/g Hb) 

GST 
(U/g Hb) 

GSH 
(µmol/g Hb)

Controls 705±65 391± 56.4 19±0.6 2.92±0.235 6.60±0.69 10.3±4.2 
Down syndrome (pre) 1472 ±171 427±51.4 23.2 ±2.32 2.99± 0.337 2.28±0.334 7.05 ±0.652 
p1 <0.01* >0.05 >0.05 >0.05 <0.01* <0.01*

Down syndrome (post) 1510±196 650±87 45.4±5.44 2.79± 0.342 1.96±0.25 7.59±0.532 
p2 >0.05 <0.05* <0. 01* >0.05 >0.05 >0.05 

Each value represents the mean± SE; controls (n=20); Down syndrome (n=21) 
P1:DS versus control; P2: DS (Pre) versus DS (Post)

p >0.05=nonsignificant; p<0.05=significant* 

Fig. 1: Antioxidant enzymes activities in DS Children and Controls 

Percentage of each Listed Nutrient 
Up to 20 lbs (� 9 kgs) 17 % 
21 - 40 lbs (10 - 18 kgs) 33 % 
41 - 60 lbs (19 - 27 kgs) 50 % 
61 - 80 lbs (28 - 36 kgs) 75 % 
Over 80 lbs (>37 kgs) 100 %
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Fig. 2: Antioxidant enzymes activities and in DS Children Pre- and Post-nutritional Supplementation 

A significant difference was observed in CAT between group 1 and group 2 in DS patients (p<0.05). On the other 
hand, no statistically significant differences were present neither in the activities of the other enzymes tested nor in 
the level of RBCs GSH (Table 6). 

Table 6:Mean Levels of the Investigated parameters of DS Groups 

Down  syndrome 
Group 1 

Less than year
Group 2 
1-5 years T- value p value 

SOD (U/g Hb) 1425±187.8 1644±206.7 0.7842 >0.05
CAT (KU/g Hb) 588±70.62 391±56.4 2.181 <0.05*

GPx (U/g Hb) 22.38±2.11 24.54±3.022 0.5876 >0.05 
GR (U/g Hb) 3.534±0.46 2.93±0.235 1.1799 >0.05 
GST (U/g Hb) 2.7±0.356 2.18±0.402 0.97014 >0.05 
GSH(µmol/g Hb) 7.364±0.7 7.32±0.7 0.04073 >0.05 

Each value represents the mean± SE; p>0.05 = non significant; p<0.05 = significant *

The calculated data of the enzymatic activity in DS groups SOD/GPX 63.4 and SOD/GPX + CAT 3.27 were 
decreased to 33.3 and 2.17 respectively after supplementation. These ratios almost approach the normal values (37 
and 1.27 respectively) however; GPX/GR ratio is increased from 7.78 to 16.29 after supplementation (Table 7). 

Table 7: Changes in the Ratio of the Antioxidant Enzymes in DS Children, Pre- and Post-nutritional Supplementation 

GPx/ GRSOD » GPx +CATSOD/ GPxDown syndrome
7.78 3.27 63.4 Presupplement

16.292.1733. 3Post supplement
109.4 33.64 47.47 % 

6.2 1.27 37 Controls  
No significant difference was observed between male and females DS patients in all the biochemical parameters. 

Supplementations may be one of the most promising treatment methods for DS patients, but no scientifically proven 
diet or drug is yet available. Nutritional therapies were proposed for DS and usually focusing on one or two items, 
mixtures that included vitamins, hormones and enzymes were advocated by many authors. MSB Plus(Nutri-Chem 
Labs) and NuTriVene-D, (International Nutrition, Inc.) are formulas have more than 40 ingredients, most of them 
the same or similar, but with differences in dosage. Various formulas from other companies have not been as 
popular and reviewed by Roizen[16]. Measures of oxidative damage in DS patients during the early years of life 
demonstrated increased lipid and DNA oxidation biomarkers as compared with their non-DS siblings [17].

In the present study, the concentration of GSH was significantly low in DS groups, compared to controls. The 
deficiency of GSH observed in DS patients may be attributed to increased oxidation to GSSG, increased degradation 
or decreased synthesis of GSH. Pogribna et al. [18]reported that plasma GSH levels were significantly low in the DS 
children that may reflect an increase of oxidative stress due to over expression of the superoxide dismutase gene 

0

2

4

6

8

µm
ol

/g
H

b

Total GSH

0

10

20

30

40

50

 U
/g

H
b

GSTGRGPx
0

100

200

300

400

500

600

700

K
U

/g
H

b

CAT
0

200

400

600

800

1000

1200

1400

1600

1800

 U
/g

H
b

SO D

Pre supplement  P o s t  s u p p le m e n t

Genes located on the critical region of chromosome 21 are thought to produce many of the 
features of DS, including impairment in learning and memory, and craniofacial dysmorphology.5 
These genes actively produce enzymes and proteins which cause disruption to a large portion 
of the genome.6 Nutrients and natural substances used in TNI have been researched for their 
ability to down-regulate or inhibit these genes.6 By reducing this gene over-expression, we can 
also regulate the biochemical pathways they affect.

The gene superoxide dismutase 1 (SOD1) is located on the critical region of chromosome 21 
and is over-expressed. Elevated hydrogen peroxide results from high SOD1 and increases the 
level of free radicals in organs, particularly the brain,7,8 and ROS (reactive oxygen species) are 
associated with premature ageing in DS. Therefore, supplementing with specific antioxidants, 
such as vitamins A, C and E, becomes imperative for cells to function properly. In addition, 
supplementation with selenium and vitamin D3 up-regulates glutathione peroxidase, which 
detoxifies hydrogen peroxide to balance the antioxidant system.

DYRK1A is also located on the critical region of chromosome 21. Over-expression of DYRK1A 
contributes to cognitive deficits and Alzheimer’s pathology in DS. Epigallocatechin gallate (EGCG), 
the main catechin found in green tea, inhibits the expression of DYRK1A. In a landmark study 
by de la Torre (2014), EGCG reversed cognitive deficits in DS improving memory recognition, 
working memory and quality of life by reducing the activity of DYRK1a.10 Craniofacial structure 
is also altered in DS due to triplication of DYRK1a, significantly affecting breathing, eating 
and speaking.11 EGCG normalised some craniofacial characteristics when given prenatally.12 
Supplementing EGCG prenatally is carried out with caution due to its reducing effects on iron.

In a published study by Gelb (2001), 38 patients with DS were treated with TNI for an average 
of 21 months, compared with 38 patients who didn’t receive TNI. Laboratory measurements 
comparing the two groups are shown in Table 1.13

Table 1: Laboratory Measurements: Comparison of Children With 
DS Without and With TNI.14
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balance the side effect of increased SOD1, hydrogen peroxide.


