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The role of docosahexaenoic acid in milk formufas on the
spatial working capacity of young white mice

Philip Conrad Marrero Acop, MD 

ABSTRACT 

The position of long acting oral beta agonist in asthma has not been 
OBJECTIVE. To determine if male mice maintained on DHA fortified 
milk formula develop better spatial working capacity then male mice 
maintained on non-DHA fortified milk formula. DESIGN. Randomized 
double-blind placebo-controlled experimental study. SUBJECTS. 
Forty-five 5-week old male white mice. METNODS. The subjects were 
randomly assigned to one of the three groups. Subjects were fed stan
dard rodent diets supplemented with DHA-fortified milk formula, non 
DHA-fortified milk formula and standard rodent diet. Spatial learning 
using a T and 8-arm radial maze was then determined using the vari
ables oftime and errors made prior to task completion after handling 
and training. Trial runs were done every three days. MEASURES: Re
peated analysis of variance was used to determine differences in task 
completion between treatment groups. Independent T-test was done to 
determine when the treatment groups differed. All statistical tests used 
to analyze the data were two-tailed at alpha= 0.05 level of significance. 
RESULTS: Results revealed not significant difference for DHA fortified 
and non-DHA groups from the placebo group when time to complete 
the task was considered. The group maintained on a diet supplemented 
with a non-DHA fortified milk formula had less error days compared 
to the placebo group. CONCLUSION: These results suggest that DHA 
fortified milk formulas do not improve spatial working capacity in mice. 
CONCLUSION. These results suggest that DHA fortified milk formulas 
do not improve spatial working capacity in mice. 
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Proper nutrition and optimal de
velopment, particularly neurodevelop
ment, among infants and children have 
al ways been linked to one another. 
This despite the fact that development 
of the human brain has been shown 
to be relatively resistant to nutritional 
deficiencies provided that psychomo
tor stimulation of the infant remains 
adequate. 1 Of particular interest to 
this present study are the LCPUFA 
and its potential role in neurodevelop
ment. Ballabriga2 in the late seventies 
demonstrated that large quantities of 
the end products of the elongation-
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desaturation process for the n-3 and 
n-6 fatty acid series were found in the
brains of newborns.

The long chain polyunsaturated 
fatty acids (LCPUFA) are integral for 
human heal th. They are proposed to 
have beneficial effects on photorecep
tor membrane permeability, membrane 
fluidity,3 activation of membrane
bound proteins4 and serve as precur
sors of the eicosanoids.5 Since these 
essential fatty acids are never inde
pendently synthesized in the human 
body, there is now a nyed that they be 
consumed in the diet.6 

Although an expert panel from 
the US-Food and Drug Administra
tion in 1998 did not recommend the 
addition of LCPUFA to infant milk 

formulas due to uncertainties over 
its efficacy and safety,7 they year 
2002 heralded the introduction of 
the LCPUFA-supplemented infants 
milk formulas into the US com
mercial market. This was eventually 
followed by LCPUFA being incor
porated into milk formulas intended 
for pre-term babies. Given that a 
significant portion of babies born 
are eventually nourished with infant 
formulas, the safety and efficacy of 
any proposed additive to these infant 
formulas are of primary importance 
and a comprehensive review of it is 
but appropriate. 6 

' OBJECTIVES 

This study seeks to determine if 
5-week old male wild type white mice
maintained on a diet of D HA forti fled
milk formula develop better spatial
working capacity than similarly aged
male white mice maintained on a diet
of non-DHA fortified milk formula
when compared with mice provided
with placebo; to compare the time
to complete the task on the T-maze
and 8-arm radial maze of 5-week old
male white mice given DHA fortified
and non-DHA fortified milk formula
with placebo; to compare the number
of errors made in performing the task
on the T-maze of 5-week old male
white mice given DHA fortified and
non-DHA fortified milk formula with
placebo.

Study Design 

The study design is a randomized, 
double-blind, placebo-controlled ex
perimental study that utilize9 animal 
models. 
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Definition of Terms 

1. DHA-Fortified Milk Formula

- This term pertains to a com

mercially available mil formula
with claims of being DHA for

tified - the particular brand of
which will remain unknown to
the people who will be involved

in the present study.
2. Completing the Task - This

phrase pertains to the moment

when a given subject is able to
commit to a particular choice

in the T-maze test or to reach
the given endpoint in the 8-arm
radial maze - this corresponds
to the termination of a given

testing trial and will be mea
sured in seconds.

3. Error - The term pertains to
any incident when a given test
subject makes a wrong choice

in either the T-maze test.

MATERIALS AND METHODS 

Sample Size 

The sample size of 15 mice per 

group was calculated based on the 
assumption that a 50% increase in the 
speed of completing the task was noted 

in a previous study on zinc deficiency 
and spatial memory in Sprague -Daw
ley rats.27 This assumption required 
that a sample size of 15 mice per group 
in order to attain a 95% confidence 
level and 90% power. 

Testing Apparatus 

Testing equipment included a T
maze, an 8-arm radial maze and an 
activity wheel. 

The T-maze is shaped like a T and 
may be utilized to answer certain ques
tions that touch on side preferences, 
simple learning and option preferenc
es. The present study used the T-maze 
to determine simple learning. The 
mice were then allowed to run through 
it and the respective time it took and 
errors made to complete the task were 
recorded. A removable wooden block 
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was then utilized to restrict access to 
a particular choice arm or to contain 

the mouse in the start box. 

The 8-arm radial maze is made up 
of a central platfonn with eight spokes 
radiating out from the central core and 
has been utilized to study short-term 

memory and behavioral neuroscience. 

Each mouse was placed in the central 

platform of the radial maze and was 

allowed to move about the different 

arms until all eight arms were visited. 

The time it took to complete this task 

was then recorded. 
An activity wheel with a 60 cm 

circumference was also used in the 

study. The activity wheel was utilized 

to determine if the test subjects had 
differing levels of activity. 

Experiment Flowchart 

A total of 45 five week-old white 

mice were maintained on a standard 

rodent diet for seven days. 

The mice were randomly assigned 

using a random number sequence to 

one of the three groups identified in 
the study. Each group had 15 subjects 

each. The three groups are as fol

lows: 

a. DHA-fortified milk formula
group: This group was main
tained on a standard rodent
pellet diet supplemented with
DHA-fortified milk formula.

b. Non-DHA fortified milk for

mula group: This group was
maintained on a standard ro
dent pellet diet supplemented
with a milk formula devoid of

DHA.
c. Placebo/Ad-libitum group:

This group was maintained on a

standard rodent pellet diet with

placebo powder.

This placebo/ad-libitum group 

was included to exclude the possibility 
of nutritional deficiency arising from 
malnutrition as the cause of spatial 
working memory impairment. Pair 
feeding was done so that the intake 
of each control subject would equal 

that of its experimental group coun

terpart. 

The mice were individually placed 

in glass cages with unlimited access 
to water. The whole holding area was 

then kept in a 12-hour light-dark cycle. 

T he body weight of each subject was 
recorded in one-week intervals and 

food intake was recorded every other 

day for each test subject. 

Training Period 

The mice were handled for 15 

minutes per day for seven days. Han
dling of the test subjects were con

ducted by a single individual who was 

blinded to the objectives of the study. 
Another individual, blinded to the diet 
assignments of each group, took care 

of feeding the test subject during the 
course of the study. 

The mice were then trained on the 

T-maze during a 7-day period. The

test subjects were trained to choose on

each trial the opposite of the previous

forced choice arm. In the 8 -arm radial

maze, the subjects were placed on the

center platform and allowed to run

through the maze until all eight spokes
were visited. Each mouse was given

rodent pellets after completing the

task. All the mice were given a total
of three trials per training session. The
mice were also allowed a 5-minute

training period to get acquainted with
the activity wheel.

Blinding of the individuals as
signed to either feed or handle the test 
subjects was attained by observing the 
following measures: 

• These individuals were not in
formed of the objectives of the
present study. They were only

briefed on the specific task at
hand.

• The individuals assigned to
feeding the test subjects were
not old what was being fed to
the different groups.

• The individual assigned to feed
the test subjects was not the one
who prepared the diets of the
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different groups. The one who 

did prepare each particular diet 

was not aware what kind of milk 

formula was being incorporated 

to the diet of each group. 

Testing Period 

Pair feeding was continued with 

the two experimental groups either 

receiving the DHA-fortified diet or the 

DHA-deficient diet for a period of 60 

days. A third group maintained on a 

standard rodent pellet diet served as the 

control group. For the information run 

of the T-maze, one of the choice arms 

was blocked off while the other choice 

arm had the reinforcing stimulus. In the 

choice run, access was allowed to both 
choice arms. The starting door was then 
opened to permit the subject to decide 

which arm to choose. The moment a 
mouse enters a choice arm, a wooden 

block was placed to confine it to that 

choice arm. The time to complete the 

task and the eventual outcome of each 

trial for each mouse was recorded. 

After the T-maze, the mouse was 
placed in the 8-arm radial maze and 

then allowed to go through the maze 

until all eight arms were visited. The 
time it took to complete that task was 
recorded. 

Upon being returned to its hold

ing box after each trial, the subject 

was given1 its assigned diet. All the 

test subjects were tested every three 

days for the duration of the whole 

experiment. 

In the activity wheel, each mouse 

was allowed access to the activity 
wheel for 3 minutes that followed a 

I-minute acclimatization period. The

number of turns of the activity wheel

during the 3-minute testing trial was
recorded. Each mouse had a single

trial for each testing day during the

experiment.

Statistical Analysis 

Relative change from day l of 

the time for the mice to complete the 

task on the t-maze and 8-arm radial 
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maze was computed. The repeated 

measures analysis of variance was 

used to determine the differences 

between treatment groups. Time and 

treatment group interaction was done 

to detern1ine if there was a change in 

the effect of the treatment groups as 

time changed. The independent t-test 

was done to determine the time point 
at which the treatment groups differed. 

All statistical tests used to analyze the 

data were two-tailed at alpha = 0.05 
level of significance. 

RESULTS 

All treatment groups showed a 

decrease in the mean change in time to 

complete the task in the t-maze (Figure 

1). However, there was no significant 
statistical difference between the treat

ment groups (F=l.98, p=0.15). There 

was a significant interaction between 
the treatment and time (F=2.28, 
p=0.03. This indicates that the effect 

of treatment different at some time 
points. The mean change in time to 

complete the task was statistically 

Figure 1 
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longer at time point 4 in the non-DH A 
group compared to the placebo group 

(t=2.42, p=0.02). There was no statisti
cal difference between the DHA and 
non-DHA group compared to placebo 

in other time points. 

Al I treatment groups showed a 

decline in the mean change in time 

to complete the task in the 8-arm 

radial maze. However, there was 
no significant statistical difference 

between the three groups (F=0.23, 
p=0.80). There was no significant 

difference between the DHA and 
non-DHA group compared to pla
cebo at any time point. 

A significant difference was ob

served in the number of error days 

made between the treatment groups 

(F=22.54, p<0.0001). Multiple com
parisons showed that the number of 

error days made in the non-DHA group 

(M=6, SD=l.07) was statistically 

lower compared to the placebo group 

(M=7.67,SD=0.90)(p<0.0001). How
ever, there was no statistical difference 

between the DHA(M=8.07, SD=0.62) 

and the placebo group (p=0.44). 

A one way repeated ANOYA was 

performed to check for difference 

between the activity level of the treat
ment groups and control groups. No 

significant difference for the number 
of turns was found between the groups, 

F=0.24, p=0.7, implying the similar in 

activity levels among groups. 

The respective mean weights of 

each group were recorded every week. 

Figure 3 
NUMBER OF ERRORS MADE IN PERFORMING THE T-MAZE 
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Figure 4 
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There was no significant difference 
noted between the treatment and con

trol groups. 

DISCUSSION 

A breast milk is considered best 

for babies, the search for the milk 
formula that would approximate its 

many qualities continues. Previous 

studies have long investigated the 

levels of LCPUFA in breast milk, the 

factors that affect in levels and its 

effect on neurodevelopment. In the 

present study, it is the LCPUFA con
tent, specifically the DHA content, of 

commercially available milk formulas 

that is taken into consideration. 

This study, carried out in 5-week 

old male white mice, studied the 

consequences of DHA fortified or 
non-DHA fortified milk formula on 
spatial working capacity. Two differ

ent diets were analyzed and compared 

with a control group. The first group 

was provided with standard rodent diet 
supplemented with DHAfortified milk 

formula and the second group with 
milk formula without any DHA forti

fication. Two mazes, a T-maze and an 

8-arm radial maze, were utilized to as
sess spatial working capacity. Time in

seconds was measured in both mazes
while the number of error days was
recorded in the T -maze.

The results of this study suggests 
that intake of DHA-fortified milk 
formula has no effect in significantly 

improving spatial working capacity. It 

was observed that mice maintained on 
a diet supplemented with DHA forti

fied milk formula perfmmed similarly 
when compared to mice maintained on 
a diet of standard rodent pellet diet. 

Similar results were noted with mice 
that were maintained on a diet supple
mented with a non-DHA fo1tified milk 

formula. These findings were found 
to be consistent in trials conducted in 
both the T and 8-arm radial mazes. 
Both treatment groups were observed 
to have improved when the factor of 

time to complete the task was consid-
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ered. This improvement, evident in the 

lesser amount of time it took to finish 
the maze, was deemed insignificant 

when compared to the performance 

of the placebo group. These findings 

suggest that although spatial learning 

was noted in the test subjects, it is not 
to be attributed to either the DHA

fortified or non-DHA fortified milk 

formulas. 

The difference noted at time point 

4 may be attributed to a sampling 
variation or may even have occurred 
by chance since it was only a this 
point in the whole pattern that such a 
discrepancy was noted. 

Analysis of results gathered from 

the activity revealed so significant dif

ferences between the treatment groups 

and placebo.Activity wheel measures 

remained consistent throughout the ex
periment indicating that the treatments 

received and not nutritional deficiency 
is to be used in interpreting the results 
of the study. The results were also not 

affected by the relative weight gain 

of the test subjects since the mean 
weights and observed increase in all 

three groups were relatively similar 

throughout the duration of the study. 

This congruence in both weight and 

weight gain among the treatment and 
placebo groups allow that the results 
be interpreted as a function of the treat
ments received. 

When considering the number of 

errors made by each group the non
DHA group was noted to have a sig

nificantly lower score when compared 

to the placebo group. This difference 
was not noted when comparing the 

DHA group with placebo. These find
ings imply that the non-DHA fortified 

milk formula may have a positive ef
fect on spatial learning. Unfortunately, 
pursuing what particular component 
of the non-DHA fortified milk for

mula resulted in this improvement is 
beyond the scope of the present study. 
It may be postulated though that the 

precursors of the LCPUFA and not 

the LCPUFA itself may play a role in 
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improving spatial learning. 
The results of the study suggests 

that the DHA found in milk formulas 
might not improve spatial working 

capacity among mice maintained on 

diets fortified with these milk formu

las. DHAhas been found to be present 

at relatively high concentrations in 
human brains and has been linked to 

improved cognitive function and neu

rodevelopment. Previous researches 

have noted the effect of diet playing 
an important role in modulating its 

levels. 18 Whether these DHA forti
fied milk formulas result in these at
tributes associated with DHA seem 

less likely. 

CONCLUSION 

Milk formulas fortified with DHA 

did not result in significant neurode
velopment changes, particularly of the 
spatial working capacity of 5-week old 
male white mice. This was based on 

the performance of the three groups 

on the T and 8-arrn radial mazes when 

the factor of time to complete the task 
was considered. Although all three 
groups were noted to have correspond

ing improvements in terms of time to 

complete the mazes, this improvement 

was determined to be insignificant 
when compared to placebo. 

The non-DHA fortified milk 
formula on the other hand revealed 
significant differences when the num

ber of error days was considered as a 
factor. The exact component present 

in this non-DHA fortified milk formula 

postulated to be the possible cause is 

never identified in this study. 

RECOMMENDATIONS 

The results of the study do not seem 
to support the incorporation of the n-

3 LCPUFA, DHA in milk formulas. 
Although the LCPUFA have long been 
linked to a lot of human factors and 

functions, a majority of the studies are 

confounded by factors that limit its re

sults. Future studies could utilize human 

test subjects to make the results more 

representative of the intended popula
tion for these milk formulas. Another 

promising topic for future studies would 
be to examine and compare the differ

ent components incorporated to milk 

formulas that have similar claims. Other 

tests like the Manis water maze and 

the multiple T-maze may also be used 

in future studies to better assess spatial 

learning. Lastly, succeeding research 

work can provide biochemical basis for 

any improvement or the lack of it by per

fonning autopsies or other physiological 

tests on the test subjects. 

ACKNOWLEDGEMENTS 

The researcher would love to 

thank several wonderful individuals 

whose invaluable guidance helped 

make this study a reality. To Dr. Wil

liam Bayhon, for inoculating in me 
the germ-topic for this study and to 

Drs. Antonio Ligsay and Ann Marie 

Tan-Ting, for turning it into the epi

demic it has become. Hopefully, I may 

repay you for the patience and trust 

you have all shown me. To Dr. Mary 

Chua, for the indefatigable belief in 

me despite all the setbacks. Thanks to 

some very close family friends for the 

support that kept both my mice and 

my tummy on our respective diets. 
Thanks to my family who understood 

fully my sacrifices and supported this 

endeavor. Lastly, thanks to my lovely 
wife, Jacq, who shared with me each 

sleepless night, each setback and 

each breakthrough and for handling 

our wedding preparations during my 

momentary absence. 

REFERENCES 

l. Guesry P. Role of Nutrition in Brain
Development. Prev Med 1998. 27 (2):
189-194.

2. Ballabriga A. Martinez M. A Chemi
cal Study on the Development of the
Human Forebrain and Cerebellum
During the Brain Growth Spurt Pe
riod. Phosphotoglyceride Fatty Acids.
Brain Res 1978. 159:363-370.

3. Fleisher SJ, Andersen RE. Chemistry

213 



and Metabolism of Lipids in the Ver- Acid Essential for Term Infants? et al. Cognitive Deficits in Doco-
tebrate Retina. Prog Lipid Res 1983. Lipids 1996.31:11 5-119. sahexaenoic Acid-deficient Rats. 

22:79-13 I. 12. Willars P, Forsyth JS, Dimodogno Mk Behavior Neuro 2002. 116: 1022-
4. Lauritzen L, Hansen HS. Jorgensen et al. Effect of Long Chain Polyunsat- 1031. 

MH et al. The Essentiality of Long urated Fatty Acids in Infant Formula 2 I. Carrie I, Smirnova M, Clement M 
Chain n-3 Fatty Acids in Relation on Problem-Solving at 10 Months of et al. Docosahexaenoic Acid-Rich 
to Development and Function of the Age. Lancet 1998. 352:688-691. Phospholipid Supplementation; Ef-
Brain and Retina. Prog Lipid Res 13. Winston W, Koo K. Efficacy and feet on Behavior, Learning Ability 
200 I . 40: 1-94. Safety of Docosahexaenoic Acid and and Retinal Function in Control and 

5. Syberth HW, Kuhl PG. The Role Arachidonic Acid Addition to Milk n-3 Polyunsaturated Fatty Acid De-
of Eicosanoids in Pediatrics. Eur J Formulas: Can One Buy Belter Vision ficient Old Mice. Nutr Neuro 2002.
Pediatr 1988. 147:341-349. and Intelligence? J Am Coll Nutr 22 5:43-52.

6. Hornstra G. Monique DM et al. (2): 101-107. 22. Jorgensen MH, Hernell O; Hughes
Essential Fatty Acids in Pregnancy 14. SaGiovanni JP, Berkey CS, Dwyer JT EL et al. Is There a Relation Between
and Early Human Development. Eur et al. Dietary Essential Fatty Acids, DocosahexaenoicAcid Concentration
J O8-Gyne Repr Bio 1995. 61:57- Long Chain Fatty Polyunsaturated in Mother's Milk and Visual Devel-
62. Fatty Acids and Visual Resolution opment in Term Infants? J Pediatr

7. Raiten DJ, Talbot JM, Waters JH. Acuity in Healthy Full -term Infants: Gastroenterol Nutr 2001. 32 (2):
Assessment of Nutrient Requirements A Systematically Review. Early Hu- 293-296.
of Infant Formulas. J Nutr 1998. man Dev 2000. 57:165-188. 23. Uauy-Dagach R and Mena P. Nutri-
128:2061-2063. 15. Simmer K. Long Chain Polyunsatu- tional Role of Omega-3 Fatty Acids

8. Carlson SE, FordAJ, Werkman SH et rated Fatty Acid Supplementation in During the Perinatal Period. Clin
al. Visual Acuity and Fatty Acid Sta- Infants Born at Term (Cochrane Re- Perinat 1995. 22 (1): 157-175.
tus of Term Infants Fed with Human view). Cochrane Database Syst Rev 24. Uauy R, Hoffman D, Mena P. et al.
Milk and Formulas With and Without 3: CD000375. 2000. Term Infant Studies of DHA and 
Docosahexaenoate and A rachidonate 16. Gibson RA and Makrides M. The ARA Supplementation on Neurode-
from Egg Yolk Lecithin. Pediatr Res Role of Long Chain Fatty Acids velopment: Results of Randomized 
1996. 39:882-888. (LCPUFA) in Neonatal Nutrition. Controlled Trials. J Pediatr 2003. 

9. Horby JM, Holmer G, Lund P et al. Acta Ped 1999. 88 (8):916-918. 143:S 17-S25. 
Effect of Formula Supplemented with 17. Woods J, Ward G and Salem N Jr. Is 25. Raiten DJ, Talbot JM, Waters JH.
Docosaheaenoic Acid and Gamma Docosahexaenoic Acid Necessary in Validity of Available Methodologies 
Linolenic Acid on Fatty Acid Status Infant Formula? Evaluation of High for the Assessment of the Impact of 
and Visual Acuity in Term Infants. Linolenate Diets in the Neonatal Rat. LCPUFA on Visual Acuity, Cogni-
J Pediatr Gastroenterol Nutr 1998. Ped Res 1996. 40(5):687-694. tive Function and Visual Evoked 
26:412-421. 18. Uauy-DagachR and Mena P. Nutri- Potentials. J Nutr 1998. l28:2276S-

10. Forsyth JS, Willats P, Dimodogno tional Role of Omega-3 Fatty Acids 2279S. 
MK et al. Do Long-China Polyun- During the Perinatal Period. Clin 26. Devito L and Leanne N. The Effects
saturated Fatty Acids Influences Perinat 1995. 22(1): 157-175. of Severe Zinc Deficiency on the 
Infant Cognitive Behavior? Biochem 19. Harrocks LA, Yeo YK. Health Spatial Working Memory of Young 
Soc Trans 1998 26:252-257. Benefits of Oocosahexaenoic Acid. and Adult Female Rats. Colgate Uni-

11. Makrides M, Neuman MA, Gibson Pharma Res 1999. 40:211-225. versity Journal of the Sciences 2002. 
RA. ls Dietary Docosahexaenoic 20. Catalan J, Moriguchi T, Slotnick B 155-162.

214 The Philippine Journal of Pediatrics 


	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40

