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An Experimental Study on MR Lymphography with
Various Iron Colloid Agents
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Department of Radiology, Nihon University School of Medicine

Research Code No. : 510.9
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Magentic resonance (MR) lymphography with iron colloid agents was evaluated in an animal
model. The agents examined were ferric gluconate (FeG), saccharated ferric oxide (SFQ), iron
chondroitin sulfate (ICS) and cideferron (CiF), which were used as intravenous medication for iron
deficiency anemia. The author performed time-dose-response and correlative histologic studies. MR
images of the popliteal lymph nodes of rabbits were obtained at 1.5 T with a spin-echo sequence
(TR=300, TE=30 msec) before and after subcutaneous injection of the agents to dorsal hind-feet. The
images were evaluated by signal intensity (SI). Histologic specimens were evaluated for distribution
and relative quantity of stained iron with a color image analyzer.

The SI with FeG 4 mgFe increased by 50% at 5 to 60 minutes after injection but returned to the
pre-contrast level 48 hours after. The SIs with SFO 8 mgFe, ICS 1 mgFe and CiF 1 mgFe decreased to
the background level at 60 minutes and 48 hours after. The histologic study in combination with the
images indicated that in case of FeG the particles in lymph increased SI while in the other agents those
within macrophages decreased SI.

Because the agents are already used clinically, they can be safely applied to MR lymphography.
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Table 1 Physiochemical properties of the agents. Relaxivities (R1, R2) are measured with a MR imaging
apparatus. The other data are obtained from the references 10)-17) and (—) means unknown.

Iron chondroitin

: Saccharated ferric '
Ferric gluconate o Cideferron
(Gluferricon®) (Fo\:;%}) (%li]ll.lftaalﬁ) (Ferricon™)
Fe concentration 2 20 4 25
mg,/ml
composition [(CeH,,0,)5Fe+3H,0], [Fe(OH)3]m[CizHa:0411a [(CisHys0, NS)+Fe(OH), ], Dextrin citrate-
n=150~160 iron([IIDcomplex
mean molecular weight =5,000 — 75,000 230,000
particle size (nm) - 6-8 10 10-15
by electron microscope
particle size (nm) = — 100~ 50-80
by ultrafiltration
osmotic pressure 1 5 1.6 1
(ratio to saline)
PH 5.8-7.8 9.0-10.0 6.5-8.0 6.5-8.5
relaxivity(1.5T, 22C)
Rl(sec™?, mM-1) 0.10 0.027 0.44 0.22
R2(sec™!, mM-") 0.13 0.30 23 2.4
R2/R1 1.3 11 5.2 11
ER 4 4F 8 B25H (67)
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Fig. 1 An MR image (SE300/30) of the agents with dilution and its schema.
(A) ferric gluconate ; (B) saccharated ferric oxide; (C) iron chondroitin sul-
fate; (D) cideferron. (1) original ; (2~512) dilution ratio with distilled water ;
(oil) vegetable oil ; (water) distilled water.
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EWBIL&EDB S (Fig. 3b), 4mgFe L LT
A4S DR Z R L, 8mgFe Ti360543~ v ¥ — o T
RNy 2079V Fran{EF#mRL7:, Fig 4b
iIZ8mgFe ##45 o MR &% R,
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3.5
Ferric
3.0- gluconate /"F‘\\
2.5 Iron chondroitin
Sl surfate
2.0+ ﬁ"ﬂ/ \\
1.5- el .
1.0 R A .
Cideferron Saccharated ™. \i
8.5 "\ ferric oxide "
Y — — - ; S——
=1 i) 1 2

Fe concentration [log(mM)]

Fig. 2 Simulated relationship between Fe concentration of the agents and signal
intensity (SI) in a lymph node with T1=1.24 and T2=0.093 sec. The pulse

sequence

is a spin echo with TR=:300 and TE=30ms. See the text for the

formula of SI and in Table 1 for the relaxivities of the agents.
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Fig. 3 Relative signal intesities of the lymph nodes following injection of the agents.

(a) Ferric gluconate. (b) Saccharated ferric oxide. (¢) Iron chondroitin sulfate. (d) Cidefer-
ron.

Time : duration of the massage of hind-legs after injection. Time ( means before injection.
4S1: relative signal intensity compared with before injection.

77 = v vOBEEFig 3d), #EECIZIER
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Fig. 4 Transaxial MR images (SE300/30) of the lymph nodes before, 5, 20 and 60 minutes
after injection.
(a) Ferric gluconate 4mgFe. Increases in signal intensity are noted 5, 20 and 60 minutes
after. Bar, lem. (b) Saccharated ferric oxide 8mgFe. Gradual decreases are noted. (¢) Iron
chondroitin sulfate lImgFe. Multi-nodal increases are noted 5 and 20 minutes after and turn
to low 60 minutes after. (d) Cideferron ImgFe. Definite decreases are noted at the anter-
olateral portion in lymph node 60 minutes after.
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Fig. 5 Photomicrograph of histologic specimen obtained from a corresponding section of the
image in Fig. 4d.
(a) Low magnification (x4). Blue stained iron particles are distributed in the medullary
sinuses corresponding to the portion with signal decreases on the image. An extra-capsular
stain is India ink as a marking for orientation. (b) High magnification (>400) of the
medullary sinuses. Aggregated jron particles are seen within macrophages. The central red
area means an example of measuring pixel rate of iron staining for the following evaluation
of relative iron concentration in lymph nodes.

(al (b
Fig. 7 Photomicrograph of frozen histologic specimen with preparation of iron staining only.
(a) High magnification ( <6000 of the medullary sinuses 20 minutes after injection of ZmgFe
ferric gluconate, An inhomogenous blue stain is seen, which represents iron particles in lymph.
(h) That of 48 hours after. Aggregated iron particles are seen within macrophages and are
gimilar to those in Fig. &b,

TH4 8 H250 (731
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Fig. 6 Relationship between dose and relative
iron concentration on the light microscopic study
with a color image analyzer.

AP : iron concentration ratio in the lymph sinuses
compared with that of the liver specimen with
intravenous administration of iron chondroitin
sulfate 80mgFe/kg. Dose : injection dose of the
agents.

(D) ferric gluconate; (+) saccharated ferric
oxide ; (<) iron chondroitin sulfate ; (A) cidefer-
ron.
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