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Abstract:

This study aimed to develop a custom-made MR ora negative contrast agent by
combination of and blending traditional Chinese medicine Magnetite with
resistant starch xanthan gum and gelose 50. Thereafter, we test the feasibility of
this new agent for signal suppression of upper gastrointestinal tract and its
diagnostic value for magnetic resonance cholangiopancreatography (MRCP) and
imaging of stomach tumor. The safety profile, palatability, compliance and
complication were also evaluated.

This study was divided into three parts. They were in vitro study, animal study,
and human study. At first, different amount of magnetite mixed with different
ratio of xanthan gum and gelose was fully blended. After making sure no
sedimentation, these suspensions were tested with different MR pul se sequences
including in phase T1W gradient echo, multiple shots fast spin echo, and single
shot fast spin echo. The echo time was up to around 1000 msec. Degree of
signal suppression, artifact, and distortion of tube were evaluated. When having
determined the optional concentration, two New Zealand white rabbits were
examined. Both pre-contrast and post-contrast MR imaging with similar pulse
sequences as above were undertaken. The degree of signal suppression and the
contour distortion of the stomach were evaluated. The side effect of this mixture
to the rabbits was also paid attention.

At last, we collected 24 patients who came for MR imaging of upper abdomen,
including MRCP, MR of liver tumor and MR of stomach tumor. Both pre- and
post-orally-enhanced images were acquired in both axial and coronal sections
with different pulse sequences. The delineation of the stomach mucosa, artifact,
and improvement for visualization of the common bile duct or pancresatic duct
were evaluated.

Immediately, hours, and one day after ingestion of the contrast agent, the
patients were asked and followed up for possible complications. The results
showed this custom-made agent aided in delineation of stomach mucosa and
increased the visualization of CBD and pancreatic duct. It has high potential role
for clinical usage.

Keywords: negative contrast agent, magnetite, resistant starch, MRCP



o ;@-(El@zg IF[fj

MR imaging of upper abdomen for evaluation of liver tumor, biliary system,
pancreatic duct, and other lesions such as stomach tumors are now very popular in our
daily practice. Its advantages include better image contrast, higher signal noise ratio,
different imaging planes, and different pulse sequences for aiding diagnosis.

Magnetic resonance chol angiopancreatography (MRCP) has now become a standard
diagnostic procedure for patients who were suspected of biliary or pancreatic diseases
and ERCP was not suitable for them due to old age, potential complication, and
exclusion of therapeutic procedures. MRCPis very simple to perform. Both thick slab
and thin slices heavy T2WI (TE 180 —1000 msec) are acquired. The thin slices images
can be reconstructed into three-dimensional image for better anatomic orientation.
Thethick dlab is, however, very fast to be acquired and needs only one or two seconds
of imaging time. So it is very suitable for patients who are very weak and can not hold
breath for up to 20 seconds. Although thisimage was very convenient for quick
screening biliary and pancreatic condition, its main drawback is these is no possibility
for reconstructed image. Therefore, once one segment of the ducta structure was not
fully delineated or overlapped by other structures or signal, the diagnostic value was
markedly decreased. From clinical experience, the main source of ductal obliteration
comes from the overlapping high signal within the stomach and the duodenum.

How to get rid of these interfering signals becomes important. In recent years, there
are aready several commercia products for this purpose. These agents are, however,
expensive.

In Taiwan, the limited budget in our current health insurance policy might restrict the
popularity of this agent in our country. Therefore, we aimed to develop such kind of
agent by ourselves and made it cheap, safe, simple to prepare, and very diagnostic.
For consideration of safety, we were quite confident about our self-made product.
Because the three compositions including magnetite, xanthan gum, and gelose 50 are
safe to intake. Magnetite is atraditional Chinese drug. Xanthan gum and gelose 50 are
commonly used food additives and are non-absorbable. Our experimental results
proved this new mixtureis safe for both animal and human. No obvious complication
or side effect was seen.
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In Vitro Sudy
In vitro study was performed with magnetite amount ranged from 0.015gram to 0.1



gram/ 100 ml H20 and found 0.015 gram/100 ml H20 was optimal when mixed with
adequate amount of xanthan gum and gelose 50 (Fig. 1). Under such concentration,
the signal intensity of fluid was totally suppressed and the contour of the containing
tube was not distorted. Other concentration, although also suppressed the signal
intensity well, caused marked tube distortion.
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Fig. 1. Different concentration of magnetite were tested and the 0.015gram tube
showed no evidence of tube distortion.

Animal Sudy

When conducting the experiment in three New Zealand white rabbits, we found the
fluid signal in the stomach was totally turned to be dark as compared with the
non-orally enhanced pulse sequences (Fig. 2). The contour of the stomach was also
intact. There was no marked image artifact was seen. These rabbits were followed up
for three days and no evidence of any side effect including vomiting, diarrhea was
noted.

Fig. 2. Theleft side image was without oral contrast agent and the right side was
with contrast agent. The signal intensity in the stomach was totally suppressed in the
left side image.



Human Sudy
Totally twenty-four patients were included in this study. There were 12 males and 12

females. Age ranges from 2 years old to 85 years old. Fourteen patients came for
MRCP examination due to suspicion of biliary or pancreatic problems. Seven patients
were for studies of liver tumors. The rest three patients had stomach tumor.

Both axial and coronal sections of heavy T2WI were acquired for non-orally and
orally-enhanced images. The signal intensity in the stomach of these 24 cases was
completely suppressed and the mucosa was clearly delineated in enhanced images
(Fig. 3). There was no artifact was identified. For three patients with stomach tumors,
the interface of the tumor with the stomach mucosa was clearly seen (Fig. 4).

For MRCP studies, the orally-enhanced images showed totally or nearly totally
suppressed signal in the stomach and/or duodenum. This made the identification of
the common bile duct and pancreatic duct much easier in thick slab heavy T2WI (Fig.
5& 6).

All patients were evaluated for the palatability of the contrast agent during the
ingestion. And the possible complications including nausea, vomiting, abdominal pain,
and diarrhea were evaluated immediately, hours, and one day after the ingestion of the
contrast agent. All patients had no any complaint or side effects.

Fig. 3. Both coronal and axial sections showed the signal intensity within the
stomach were totally suppressed and the mucosa was clearly delineated.
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Fig. 4. Both axia and coronal sections of T2WI after ingestion of magnetite showed
the tumor-mucosa interface was clear.

Fig. 5. After ingestion of magnetite suspension, the CBD in the right side image was
more clearly identified than the non-enhanced image in the left side.

Fig. 6. After ingestion of magnetite suspension, the pancreatic duct in the right side
image was more clearly identified than the non-enhanced image in the left side.
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1. We have developed a self-made MR oral negative contrast agent by combination of
traditional Chinese drug magnetite and resistant starch xanthan gum and gelose 50.

2. We have proved this new drug is cheap, ssmple to prepare, and safe for clinical
usage.

3. We have evaluated the application of this new formulain aiding the diagnosis of
upper abdominal MRI especially for MRCP and potentially for stomach tumor.

-

WY

ey

(B

2

\

1. Giovagnoni A. Fabbri A. Maccioni F. Oral contrast agentsin MRI of the
gastrointestinal tract. Abdominal Imaging. 27(4):367-75, 2002
2. Hung YC. SavaVM. Juang CL. Yeh T. Shen WC. Huang GS. Gastrointestinal
enhancement of MRI with melanin derived from tealeaves (Theasinensis Linn.).
Journal of Ethnopharmacology. 79(1):75-9, 2002
3. Karantanas AH. Papanikolaou N. Kaef-Ezra J. ChallaA. Gourtsoyiannis N.
Blueberry juice used per osin upper abdominal MR imaging: composition and initial
clinical data. European Radiology. 10(6):909-13, 2000.
4. Kivelitz D. Gehl HB. Heuck A. Krahe T. Taupitz M. Lodemann KP. Hamm B.
Ferric ammonium citrate as a positive bowel contrast agent for MR imaging of the
upper abdomen. Safety and diagnostic efficacy. Acta Radiologica. 40(4):429-35, 1999
5. Schunk K. Kern A. Heussel CP. Kalden P. Orth T. Wanitschke R. Thelen M.
[Hydro-MRT with fast sequencesin Crohn's disease: a comparison with fractionated
gastrointestinal passage]. ROFO-Fortschritte auf dem Gebiet der Rontgenstrahlen und
der Bildgebenden V. 170(4):338-46, 1999

6. Rowert A. Michel E. Vogler H. Herbe E. Zernikow B. High MR signal in the GI
tract caused by chlora hydrate in triglyceride suspension. Journa of Computer
Assisted Tomography. 21(6):1011-2, 1997

7. Paley MR. Ros PR. MRI of the gastrointestinal tract. European Radiology.
7(9):1387-97, 1997.

8. Paley MR. NicolasAl. Mergo PJ. Torres GM. Burton SS. Ros PR. Low density
barium and bentonite mixture versus high density barium: a comparative study to
optimize negative gastrointestinal contrast agents for MRI. Magnetic Resonance
Imaging. 15(9):1033-6, 1997.

9. Low RN. Francis IR. MR imaging of the gastrointestinal tract withi.v.,



gadolinium and diluted barium oral contrast media compared with unenhanced MR
imaging and CT. AJR. American Journa of Roentgenology. 169(4):1051-9, 1997

10. Christmann V. Rosenberg J. Seega J. Lehr CM. Simultaneousin vivo
visualization and localization of solid oral dosage formsin the rat gastrointestinal tract
by magnetic resonance imaging (MRI). Pharmaceutical Research. 14(8):1066-72,
1997
11. Schunk K. Metzmann U. Kerges W. Schadmand-Fischer S. Kreitner KF.
Duchmann R. Protzer U. Wanitschke R. Thelen M. [Follow-up of Crohn's disease: can
hydro-MRI replace fractionated gastrointestinal passage examination?].
ROFO-Fortschritte auf dem Gebiet der Rontgenstrahlen und der Bildgebenden V.
166(5):389-96, 1997
12. Burton SS. Liebig T. Frazier SD. Ros PR. High-density oral barium sulfate in
abdominal MRI: efficacy and tolerance in aclinical setting. Magnetic Resonance
Imaging. 15(2):147-53, 1997.
13. Jacobsen TF. Laniado M. Van Beers BE. Dupas B. Boudghene FP. Rummeny E.
Falke TH. Rinck PA. MacVicar D. Lundby B. Oral magnetic particles (ferristene) as a
contrast medium in abdominal magnetic resonance imaging. Academic Radiol ogy.
3(7):571-80, 1996
14. Young SW. Qing F. Rubin D. Balkus KJ Jr. Engel JS. Lang J. Dow WC. Mutch JD.
Miller RA. Gadolinium zeolite as an oral contrast agent for magnetic resonance
imaging. Journa of Magnetic Resonance Imaging. 5(5):499-508, 1995
15. Ferrucci JT. Imaging of the gastrointestinal tract. Academic Radiology. 2 Suppl
2:5157-8, 1995 Sep.
16. Rubin DL. Muller HH. Young SW. Hunke WA. Gorman WG. Lee KC. Influence
of viscosity on WIN 39996 as a contrast agent for gastrointestinal magnetic resonance
imaging. Investigative Radiology. 30(4):226-31, 1995
17. Wan X. Wedeking P. Tweedle MF. MRI evaluation of potential gastrointestinal
contrast media. Magnetic Resonance Imaging. 13(2):215-8, 1995.
18. Mathur-De Vre R. Lemort M. Invited review: biophysical properties and clinical
applications of magnetic resonance imaging contrast agents. British Journal of
Radiology. 68(807):225-47, 1995
19. Hiraishi K. Narabayashi I. Fujita O. Yamamoto K. Sagami A. Hisada Y. Saika.
Adachi |I. Hasegawa H. Blueberry juice: preliminary evaluation as an ora contrast
agent in gastrointestinal MR imaging. Radiology. 194(1):119-23, 1995
20. Outwater EK. Mitchell DG. Magnetic resonance imaging techniquesin the pelvis.
Magnetic Resonance Imaging Clinics of North America. 2(2):161-88, 1994
21. Hirohashi S. Uchida H. Yoshikawa K. Fujita N. Ohtomo K. YuasaY. KawamuraY.
Matsui O. Large scale clinical evaluation of bowel contrast agent containing ferric



ammonium citrate in MRI. Magnetic Resonance Imaging. 12(6):837-46, 1994.

22. Rogers J. Lewis J. Josephson L. The use of AMI-227 as an oral contrast agent for
magnetic resonance imaging. Investigative Radiology. 29 Suppl 2:S81-2, 1994

23. DavisMA. Me H. Ritsema GH. Optimization of anegative oral contrast agent for
magnetic resonance imaging. Investigative Radiology. 29 Suppl 2:S120-2, 1994

24. Rogers J. Lewis J. Josephson L. Use of AMI-227 as an oral MR contrast agent.
Magnetic Resonance Imaging. 12(4):631-9, 1994.

25. Schwizer W. Fraser R. Maecke H. Siebold K. Funck R. Fried M. Gd-DOTA asa
gastrointestinal contrast agent for gastric emptying measurements with MRI.
Magnetic Resonance in Medicine. 31(4):388-93, 1994

26. Vlahos L. Gouliamos A. Kaovidouris A. Athanasopoulou A. Kotoulas G
Lygidakis N. Liaou A. Matsaidonis D. Papavasiliou C. Oral magnetic particlesas a
contrast agent for MR imaging of the abdomen. A phase Il clinical trial.
Hepato-Gastroenterology. 41(1):82-5, 1994

27. Rubin DL. Muller HH. Young SW. Hunke WA.. Gorman WG. Optimization of an
oral magnetic particle formulation as a gastrointestinal contrast agent for magnetic
resonance imaging. Investigative Radiology. 29(1):81-6, 1994

28. Oksendal AN. Hals PA. Biodistribution and toxicity of MR imaging contrast
media. Journal of Magnetic Resonance Imaging. 3(1):157-65, 1993

29. Unger EC. Fritz TA. Palestrant D. Meakem TJ. Granstrom P. Gatenby RA.
Preliminary evaluation of iron phytate (inositol hexaphosphate) as a gastrointestinal
MR contrast agent. Journal of Magnetic Resonance Imaging. 3(1):119-24, 1993

30. Rubin DL. Muller HH. Sidhu MK. Young SW. Hunke WA. Gorman WG, Liquid
oral magnetic particles as a gastrointestinal contrast agent for MR imaging: efficacy in
vivo. Journa of Magnetic Resonance Imaging. 3(1):113-8, 1993

31. Liebig T. Stoupis C. Ros PR. Ballinger JR. Briggs RW. A potentially artifact-free
oral contrast agent for gastrointestinal MRI. Magnetic Resonance in Medicine.
30(5):646-9, 1993

32. Bach-Gansmo T. Dupas B. Gayet-Delacroix M. Lambrechts M. Abdominal MRI
using a negative contrast agent. British Journal of Radiology. 66(785):420-5, 1993
33. Bach-Gansmo T. Ferrimagnetic susceptibility contrast agents. Acta Radiologica -
Supplementum. 387:1-30, 1993.

33. Mirowitz SA. Contrast enhancement of the gastrointestinal tract on MR images
using intravenous gadolinium-DTPA. Abdomina Imaging. 18(3):215-9, 1993.

34. Chou CK. Liu GC. Yang CW. Chen LT. Sheu RS. Jaw TS. Abdominal MR
imaging following antegrade air introduction into the intestinal 1oops. Abdominal
Imaging. 18(3):205-10, 1993.

35. Mirowitz SA. Susman N. Use of nutritional support formula as a gastrointestinal



contrast agent for MRI. Journal of Computer Assisted Tomography. 16(6):908-15,
1992



