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Abstract

Using contrast agents is a common practice in medical imaging protocols. Paramagnetic properties of certain compounds present
contrast agents can affect magnetic resonance imaging (MRI) signals. For abdominal applications, they are usually injected, but may al
be administered orally. However, their use as a routine technique is limited, mainly due to the lack of appropriate oral contrast agents. W
herein present the preliminary characterization and results for implementatiwmerpe Olefaea (popularly namedigai) as a possible
clinical oral contrast agent for MRI of the gastrointestinal tract. The pulpgaf, a fruit from the Amazon area, presented an increase in
T,-weighted MRI signal, equivalent to that of gadolinium-diethyltriamine pentaacetic acid, and a decregsedigffied images. We
looked for intrinsic properties that could be responsible for thesiinal enhancement and, ©pacification. Atomic absorption spectra
revealed the presence of Fe, Mn and Cu ion#\@ai. The presence of such ions contribute to the susceptometric value foypd-=of
—4.83x107 5. This finding assents with the hypothesis that image contrast changes were due to the presence of paramagnetic material. T|
first measurements in vivo demonstrate a clear increase of contragtweighted images, due to the presencégdi. Consistently, the
opacification in a J-weighted acquisition was evident, revealing a good contrast on bowel walls of gastric tissues. © 2004 Elsevier Inc.
All rights reserved.
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1. Introduction tion, have extended the role of MRI in evaluating abdomi-
nopelvic diseases and Gl tract function and moti[2y3].
Magnetic resonance imaging (MRI) has become one of  Nevertheless, the potential role of MRI in Gl tract studies
the main clinical imaging modalities in recent years. How- remains a matter of debate. As for computed tomography,
ever, its implementation as an alternative approach for gas-the need for bowel opacification, by the use of oral contrast
trointestinal (GI) tract imaging is relatively new and its agents, is mandatory to differentiate between collapsed or

routine use is still controversial. MRI is an expensive but fjyig-filled bowel loops and intra-abdominal organs or
risk-free procedure with high spatial resolution and high naihologic lesiong3,4].

sensitivity for tissue contrast differences. Nonetheless, Gl
applications have been limited by several problems, such asg
peristalsis, respiratory, cardiac and pulsatile flow motion
artifacts[1].

Recent advances in rapid imaging techniques and the
implementation of torso-phased array coils, which allows
high-quality breath-hold imaging with high spatial resolu-

Although MRI contrast can be manipulated by different
equence design, the use of exogenous contrasts agents is
important in many clinical imaging procedures. They are
used to increase the sensitivity to differentiate between
normal and abnormal tissues. They are generally applied by
means of an intravenous injection, allowing its distribution
throughout the entire blood systei+8].

On the other hand, contrast agents can be ingested as an
* Corresponding author. Tel.: 55-16-602-3822; fay85-16-633-9949. oral solution. The evaluation of Gl tract by means of MRI
E-mail addressdraulio@biomag.usp.br (D.B. de Araujo). is closely related to availability of oral contrast ageftg].

0730-725X/04/$ — see front matter © 2004 Elsevier Inc. All rights reserved.
doi:10.1016/j.mri.2004.01.018



390

Table 1

Chemical compositions of Euterpe Oleracea

Components 100 g of pulp 100 g of juice
Energy 247.0Cd 1824 Ca
Water 4599 60449
Proteins 38¢g 21g
Lipids 1229 6.0g
Carbohydrate 36.69 30049
Calcium 118.0mg 110.0mg
Phosphorus 58.0 mg 56.0 mg
Iron 11.8 mg 9.3mg
Thiamine 0.36 mg 0.036 mg

Oral contrasts are close to ideal for MRI if they have good
digestive acceptance, uniform distribution in the bowel lu-
men, unchanged contrast effect when diluted throughout the
Gl, no toxicity, no peristalsis stimulus and acceptable cost
[1]. Although some of them are commercially available,
they are still not used routinely in most clinical centers, due
to possible side effects. Oral contrast agents are usualy
classified depending on if they increase (positive agents) or
decrease (negative agents) the signal within the bowel [1].

Positive Gl agents increase intraluminal signal either by
a paramagnetic shortening of T, of nearby tissues or by
having intrinsically short T, relaxation time [1,8,9]. Actu-
ally, many contrast solutions would be capable of increasing
signal intensity (SI) typically based on heavy metal ions, as
of gadolinium (111), manganese (I1), manganese (l11), iron
(111) and copper (11) [10-13]. However, they have generally
intrinsic side effects when used orally [1]. Ferric iron, for
example, can provoke teeth-staining, gastric irritation, nau-
sea, diarrhea and constipation. Mannitol may cause nausea,
vomiting and diarrhea [1]. Gd-DTPA without Mannitol is

T. Cordova-Fraga et al. / Magnetic Resonance Imaging 22 (2004) 389—-393

well-tolerated but usually fails in opacifying the entire
bowel. It also needs to be buffered when used orally since
this chelate is not very stable at low pH found in the
stomach, what can alter the gastric function.

Another variety of contrast agents is based on natural
sources such as milk, water, blueberry and tea [14-19],
which have the advantage of not presenting alterations in
the Gl system and being palatable.

We herein present a preliminary characterization and
implementation of Euterpe Oleracea, usually called Acai, as
anew aternative oral contrast agent for Gl tract evaluation.
Acai is a fruit typically found at the north region of Brazil.
It iswidely available, usually commercialized as pulp, juice
and wine. It is considered an energy food with great caloric
value, and its composition in shown in Table 1.

2. Methods

The amount chemical components (iron, manganese and
copper) of the commercial pulp of Acai were confirmed by
means of atomic-absorption (AA) spectroscopy with aVar-
ian, AA-175 series atomic absorption spectrophotometer.

In order to have insight into how these paramagnetic ions
may influence the magnetic properties of Acai, volumetric
magnetic susceptibility was determined using a susceptom-
eter based on a chemical balance [20,21], shown in Fig. 1.

A whole body MRI scanner (Siemens, Magneton Vision,
15 T) was used for phantom and in vivo measurements.
First, a phantom consisting of five samples was prepared to
evaluate and compare the performance of different contrast
under specific image sequences. The samples were: (a) 25
mL of ferrous sulfate in 110 mL of H,0, (b) a composite of

Sample
Sample
Holder —»

g <ol

Max = 20g Min=0,1mg

| Reference
' ¢ Weight

Lo

0.1mg e=0.01mg

Fig. 1. Schematic description of the setup used for the Acai susceptibility measurements.
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Fig. 2. T,-weighted image with fat-saturation pulse, of a phantom consisted of: (a) ferrous sulphate solution, (b) solution of Mn, Cu and Fe; (c) water; (d)

Gd-GDTA and (e) Acal.

(0.22 Fe; 0.08 Mn; 0.024 Cu)g in 250 mL of H,0, (c) water,
(d) Gd-DTPA and (e) Agai.

A body array coil was used to generate T,-weighted
images [repetition time (TR)/echo time (TE) = 177.8/4.1
ms; field-of-view (FOV) = 350 mm, 256 X 256, 6-mm dice
thickness] and T,-weighted images (TR/TE = 4400/64 ms,
FOV = 350 mm, 256 X 256, 6-mm dlice thickness) at a
standard spin echo (SE) sequence. Also, a fat-saturation
sequence (TR/TE = 160.0/2.3 ms, FOV = 350 mm, 256 X
256, 6-mm dlice thickness) was obtained to evaluate
whether or not contrast alteration could be due to fat present
in the Acai pulp.

For in vivo measurements, the same sequences were
applied to five non-symptomatic subjects, with 12 h of
fasting. Ten axial slices centered at the stomach region were
acquired, under three distinct experimental conditions: first
in the fasting state with an empty stomach (baseline), fol-
lowed by the ingestion of water and finally by the ingestion
of Acali.

3. Results

In order to test for the magnetic characteristics of Acal,
its AA spectra and magnetic susceptibility were obtained.
The susceptibility measurements showed that Acai has xy =
—4.85x10°. AA measurements were used to quantify
iron, manganese and copper present in Acgai pulp. The con-
tent was found to be Fe = 8.9 mg/dL, Mn = 4.3 mg/dL and
Cu = 1.2 mg/dL. Moreover, the amount of water in the
commercial pulp was about 60%.

Figure 2 presents a T,-weighted image, with a fat-satu-
ration pulse, comparing the phantom containing: (a) 25 mL
of ferrous sulfate in 110 mL of H,0, (b) a composite of
(0.22 Fe; 0.08 Mn; 0.024 Cu)g in 250 mL of H,0, (c) water,
(d) Gd-DTPA and (e) Acai.

The positive effect of the Acai (Fig. 2€) is comparable to
either GAd-DTPA (Fig. 2d) or artificial composite (Fig. 2b).
These first observations suggested that Acai has a paramag-
netic behavior.

Images from the stomach of a healthy fasting volunteer
are presented in Fig. 3, where T;- and T,-weighted images
were obtained. Figures 3a and 3d present an empty stomach.
As it is observed, the low contrast signal in the stomach
region is due to air, in T, (Fig. 3a) and high contrast in T,
(Fig. 3d). Subsequently, the subject ingested 200 mL of
water, and another T,—T, sequence was acquired. Figure 3b
show a T,-weighted image. The expansion of the gastric
volume is clearly observed and two phases can be identified
on the images. a small dark region corresponding to air and
a larger area of dlight contrast increase corresponding to
water. The high contrast of water in the T, sequence (Fig.
3e) was also observed. Finally, 200 mL of the Acai pulp was
ingested by the subject and the last series of MR images
were obtained. Figure 3c shows one T,-weighted image
under this condition. The increase of contrast due to the
presence of Acal is conspicuous. Three well-defined regions
can beidentified: air, water and Acai. Also, the T, sequence
presents a low contrast due to the present of Acai (Fig. 3f).

4. Discussion and conclusions

Heavy ions haveintrinsic paramagnetic properties. These
molecules are generally at a randomized magnetic structure
within the forming substance. However, if these substances
are present in an external magnetic field, just like paramag-
netic contrast agentsin MRI, there will cause an increase in
the local magnetic field experienced by the tissue. There-
fore, it will decrease T, and T,, affecting SI and, conse-
quently, the contrast in MRI [8].

Acali, just like most organic and inorganic compounds,
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Fig. 3. T, and T,-weighted images in a coronal plane. T, images are on the top line, while T, are on the bottom. (a) T, image of an empty stomach. (b) T,
of the same volunteer with air and 200 mL of water. (c) T, image with air, 200 mL of water and 200 mL of Acai. (d) T, image of an empty stomach. (e)
T, image of air and 200 mL of water. (f) T, image of air, 200 mL of water and 200 mL of Acai.

has a net diamagnetic behavior, especialy because it is
congtituted by about 60% of water. Pure water has its
magnetic susceptibility equal to y = — 9.90 X 103, Nev-
ertheless, increasing paramagnetic elements in a water so-
lution will increase its susceptibility [8]. Therefore, the
presence of paramagnetic metal ions in the Acai compound
gave rise to its final magnetic susceptibility value. As a
result, it is reasonable to think that the observed changesin
image contrast due to the presence of Acai are mainly
because of paramagnetic ions found in the substance.

Thiskind of contrast agent affects relaxation and so does
it for T, and T, simultaneously because of the dual and
coupled nature of relaxation mechanisms. Actually, increas-
ing the concentration of paramagnetic substances will prob-
ably increase S| for T,-weighted images. On the other hand,
a concentration enhancement will probably decrease Sl for
T,-weighted images [8,20].

The magnetic signal in MR images had a positive char-
acteristic in T;-weighted (Fig. 3c) and negative appearance
in T,-weighted (Fig. 3f), indicating that relaxations rates
VT, and 1T, are affected by the presence of this natural
contrast agent. Fortunately, the presence of Agai does not
cause a saturation of image contrast, which would happen if
one applies pure GD-DTPA, due to its high paramagnetic
behavior [22].

The contribution of the agent concentration in MRI im-
ages was previoudy discussed on a preliminary study of
natural contrast agents [20]. The increase in signal intensity
was due mainly to the manganese-rich substance. Although
it would be reasonable to think that the same mechanism
would hold for Acai, the relation between concentration and
Sl still needs more experimental tests.

The contrast enhancement due to Agai in T,-weighted
images is evident (Fig. 3c), producing a better definition of
the gastric lumen. Thus, these results open a wide perspec-
tive for Acal as an alternative ora contrast agent that can be
employed for imaging the intestinal lumen, functional eval-
uation of dyspepsia, in addition to the applications of the
gastrointestinal motility [23].

We saw better signal homogeneity in stomach and the
bowel walls present increased contrast with the pulp on
image (Fig. 3c).

Acai has a great advantage over artificial oral contrast
agents currently used in clinical applications. It is a natura
pleasant food and, we expect, devoid of side effects or
adverse reactions. Its commercialization is easy and eco-
nomic in the Brazilian market and it is exported to the
United States and Europe.

Acknowledgments

Thiswork was funded in part by Fapesp, CNPg, CAPES
and Conacyt. The authors also want to thank Lourenco
Rocha, Carlos A. Brunello and Matheus Guerreiro for their
technical support.

References

[1] Giovagnoni A, Fabbri A, Maccioni F. Oral contrast agentsin MRI of
the gastrointestinal tract. Abdom Imaging 2002;27:367—-75.

[2] Keogan MT, Edelman RR. Technologic advances in abdominal MR
imaging. Radiology 1991;220:310-20.



T. Cordova-Fraga et al. / Magnetic Resonance Imaging 22 (2004) 389—-393 393

[3] Maccioni F. Current status of gastrointestinal MRI. Abdom Imaging
2002;27:358-60.

[4] Briggs RW, Wu Z, Mladinich CRJ, et a. In vivo animal test of an
artifact-free contrast agent for gastrointestinal MRI. Magn Reson
Imaging 1997;15:559—66.

[5] Dawson P. Contrast agents in magnetic resonance imaging. Eur J
Radiol 1996;23:201—4.

[6] Pdey MR, Ros PR. MRI of the gastrointestina tract. Eur Radiol
1997;7:1387-97.

[7] Keevil SF. Magnetic resonance imaging in medicine. Physics Educ
2001;36:476—84.

[8] Runge VM. Contrast mediain magnetic resonance imaging: aclinical
approach. Philadelphia: JB Lippincott Company, 1992.

[9] Lomas DJ, Graves MJ. Small bowel MRI using water as a contrast
medium. Br J Radiol 1999;72:994—7.

[10] Oksenda AN, Jacobsen TF, Gundersen HG, Rinck PA, Rummeny E.
Superparamagnetic particle as an oral contrast agent in abdominal
magnetic-resonance-imaging. Investig Radiol 1991;26:S67—-70.

[11] Rinck PA, Smevik O, Nilsen G, et a. Oral magnetic particle in MRI
imaging of the abdomen and pelvis. Radiology 1991;178:775-9.

[12] Johnson WK, Stoupis C, Torres, GM, Rosenberg EB, Ros PR. Su-
perparamagnetic iron oxide (spio) as an oral contrast agent in gastro-
intestinal (GI) magnetic resonance imaging (MRI): comparison with
state-of-the art computed tomography (CT). Magn Reson Imaging
1996;14:43-9.

[13] Lonemark M, Hemmingsson A, Bach-Gansmo T, et . Effect of super-
paramagnetic particles as ord contrast medium a magnetic resonance
imaging: a phase 1 clinica study. Acta Radiol 1989;30:193-6.

[14] Widder DJ, Grief WL, Widder KJ, Edelman RR, Brady TJ. Magnetic
albumin microespheres: a new MR contrast materia. Am J Radiol
1987;148:399-404.

[15] Mirowitz SA, Susman N. Use of nutritional support formula as a
gastrointestinal contrast agent for MRI. J Comput Assist Tomogr
1992;16:908-15.

[16] Wan X, Wedeking P, Tweedle MF. MRI evaluation of potential
gastrointestinal contrast media. Magn Reson Imaging 1995;13:
215-8.

[17] Yao-Ching H, Sava VM, Chi-Long J, Tzu-chen Y, Wu-Chung S,
Guewaha SH. Gastrointestina enhancement of MRI with melanin
derived from tea leaves (Thea sinensis Linn). J Ethnopharmacol
2002;79:75-9.

[18] Sato SR. A study of green tea for a positive gastrointestinal MR
imaging enhancing agent. Nippon Igaku Hoshasen Gakkai Zasshi
1994,54:876-85.

[19] Hiraishi K, Narabayashi |, Fujita O, et a. Blueberry juice: prelimi-
nary evauation as an ora contrast agent in gastrointestinal MR
imaging. Radiology 1995;194:119-23.

[20] Davis RS. New method to measured magnetic susceptibility. Sci
Technol 1993;4:141-7.

[21] Carneiro AAO, Touso AT, Baffa O. Avaliaco da susceptibilidade
magnetica usando uma balanca analitica. Quimica Nova 2003;26:
952-6.

[22] Schwert DD, Davies JA, Richardson N. Non-gadolinium-based MRI
contrast agents. Topics Curr Chem 2002;221:165-9.

[23] de Zwart IM, Mearadji B, Lamb HJ, et al. Gastric motility: compar-
ison of assessment with real-time MR imaging or barostat measure-
ment—initial experience. Radiology 2002;224:592-7.



	Euterpe Olera´cea (Ac¸aı´) as an alternative oral contrast agent in MRI of the gastrointestinal system: preliminary results
	Introduction
	Methods
	Results
	Discussion and conclusions
	Acknowledgments
	References


