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Supporting Information S1. On
the effects of zero filling on the
2H MRSI images

The ?H MRSI maps presented in this
study were collected using an 8x8
phase-encoding matrix, zero-filled to
32x32 points  before  Fourier
processing. This section presents
the effects of such zero-filling
procedure, using the 2H images
shown in the main text as
prototypical examples.

Figure S1. Comparison
between the images
arising from as-collected
(8x8 matrix sizes) data
used in this study, and
the  images  arising
following zero-filling of
the k-space data to
32x32 before FT. Data in
this Figure corresponds
to the images shown in
Figure 2 of the main text,
using a similar notation.
Also indicated are some
of the organs.



Figure S2. Same as Figure S1, but for the images
shown in Figure 3 of the main text.



Supporting Information S2. DMI analyses on control animals (bolus injections)

This section presents the time-series of 2H MRSI maps collected after an intravenous bolus of ?Hg e-
glucose was administered to the n=9 pregnant mice used in this study as controls. All ?°H MRSI images
were recorded as described in the main text over a time course >2 h. In all cases the top rows present
an anatomical reference image indicating organs and the time-averaged metabolic maps resulting
from the study for ?He 6-glucose and its metabolic products ?H-water and ?Hs 3-lactate. Their colormaps
are normalized to the maximum signal (water). Shown underneath these spectra are the series of site-
resolved ?H MR images collected in the exam overlaid with anatomical '"H MR references, as well as
time traces for organs of interest as identified below the images (as defined within the limits of our spatial
resolution).
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Figure S3: Akin to figure 2 in the main text. Glucose is initially perfusing the placenta with a peak at 3-11
min after injection at 14 mM and the fetal liver with a peak at 20-28 min after injection at 15 mM. Water is
steadily produced in the fetal liver rising to 31 mM. Lactate is produced in the placenta right away with a
peak at 60-68 min at 2.1 mM and at 60-68 min after injection at 2 mM in the fetus (apparently in the liver).
Lactate in both compartments washes out rapidly.
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Figure S4: Idem as Figure S3 but on a different animal. Glucose is initially perfusing the placenta with a
peak at 3-11 min after injection at 5 mM and the fetal liver with a peak at 20-28 min after injection at 2.5
mM. Water is steadily produced in the fetal liver rising to 22 mM. Lactate is produced in the placenta right
away with a peak at 20-28 min at 0.9 mM and at 60 min after injection at 1.3 mM in the fetus (apparently in
the liver). Lactate in both compartments washes out rapidly.
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Figure S5: Idem as Figure S3 but on a different animal. Glucose is initially perfusing the placenta with a
peak at 1-9 min after injection at 11.5 mM and the fetal liver with a peak at 15-23 min after injection at 8.2
mM. Water is steadily produced in the fetal liver rising to 24 mM. Lactate is produced in the fetus (apparently
in the liver) with a peak at 35-38 min at 1.5 mM, and washes out rapidly.
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Figure S6: Idem as Figure S3 but on a different animal. Glucose is initially perfusing the maternal kidney
with a peak at 3-11 min after injection at 16 mM and the fetal liver with a peak at 18-26 min after injection
at 8.4 mM. Water is steadily produced in the fetal liver rising to 26 mM, whereas water production in the
maternal kidney is less pronounced at 16 mM. Lactate is produced in the fetal liver with a peak at 48-93
min at 1.2 mM, and washes out rapidly.
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Figure S7: Idem as Figure S3 but on a different animal. Glucose is initially perfusing the placenta with a
peak at 1-9 min after injection at 8.5 mM. Water is steadily produced in the fetus (apparently in the liver)
and the placenta. In the latter rising to 21 mM. Lactate is produced in the placenta with a peak at 60-68 min
at 1.2 mM.
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Figure S8: Idem as Figure S3 but on a different animal. Glucose is initially perfusing the placenta with a
peak at 1-9 min after injection at 5.2 mM and the fetal liver with a peak at 15-23 min after injection at 3.2
mM. Water is steadily produced in the fetus (apparently in the liver) rising to 15 mM. Lactate is produced in
the same location with a peak at ~50 min at 0.7 mM.
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Figure S9: Idem as Figure S3 but on a different animal. Glucose is initially perfusing the placenta with a
peak at 1-9 min after injection at 32 mM. Water is steadily produced in the placenta rising to 26 mM. No
lactate peak is observed.
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Figure S10: Idem as Figure S3 but on a different animal. Glucose is initially perfusing the fetus with a peak
at ~15 min after injection at 5.5 mM. Water is steadily produced in the fetus rising to 19 mM. Lactate is
minimally produced in the fetus with a peak at ~60 min at 0.3 mM.
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Figure S11: Idem as Figure S3 but on a different animal. Glucose is initially perfusing the maternal kidney
with a peak at 5-10 min after injection at 24 mM and the fetal peak at ~20 min after injection at 7.6 mM.
Water is steadily produced in the fetus rising to 22 mM, whereas water production in the maternal kidney is
less pronounced. Lactate is produced in the fetus (apparently in the liver) with a peak at ~60 min of 0.4 mM.
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Supporting Information S3. DMI analyses on control animals (=60 min long glucose
infusion)

This section presents the time-series of ?H MRSI maps collected after slow intravenous infusion of 2He ¢-
glucose administered to n=3 pregnant mice as described in the main text; these data sets were not used
for the analysis presented in the main text around Figure 4. All other details are as in the preceding section.
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Figure S12: Akin to Figure 2 in main text, but with a control pregnant mouse slowly infused as described
in Methods. Glucose initially localizes in the maternal kidney and the placenta, but later on distributes over
multiple fetal tissues. Unlike in the bolus injection case glucose concentrations are kept mostly <3.4 mM.
Water however is steadily produced in all organs rising up to 38 mM as in the bolus injections. Lactate is
produced in the placenta and in fetal organs, with a similar concentrations as in the bolus injections and up
to 1.4 mM.

12



normalized ?H intensities (a.u.)

concentration (mM)

8 25 40 55 70 85 100 115 140
time (min) post-injection

Now W
a o O
w

o

concentration (mM)
= S

M glucose placenta
M water placenta

3

o
o

0 15 30 45 60 75 90 105 120 135 0 15 30 45 60 75 90 105 120 135
time (min) post-injection time (min) post-injection

Figure S13: Idem as in Figure S12 but on a different animal. Glucose concentrations are kept below ~3
mM (zoomed on right graph). Water is steadily produced in the placenta rising up to 34 mM. Lactate is

produced mainly in the placenta, but at such low levels that it can only be visualized through summation of
the time series.
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Figure S14: Idem as in Figure S12 but on a different animal. Glucose concentrations are kept <5 mM.
Water is steadily produced in the fetus (heart?) rising up to 30 mM. Lactate is produced mainly in the fetus

(apparently the heart) up to concentrations of 1.8 mM (zoom on right graph).
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Supporting Information S4. DMI analyses on I-NAME-treated animals (bolus injections)

This section presents the time-series of °H MRSI maps collected after an intravenous bolus of 2Hs ¢-glucose
was administered to the n=9 pregnant mice that had been treated with I-NAME at a dose of 20
mg/kg_body weight/day for two days, as described in Methods. All 2H MRSI images were recorded as
described in the main text over a time course >2 h. In all cases the top rows present an anatomical reference
image indicating organs and the time-averaged metabolic maps resulting from the study for ?He 6-glucose
and its metabolic products 2H-water and ?Hss-lactate. Their colormaps are normalized to the maximum
signal (water). Shown underneath these spectra are the series of site-resolved 2H MR images collected in
the exam overlaid with anatomical 'H MR references, as well as time traces for individual organs of interest
as depicted below the images (as defined within the limits of our spatial resolution).
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Figure S15: Akin to Figure 3 in the main text. Glucose is initially perfusing in the placenta of this I-NAME-
treated pregnant mouse, peaking 15-23 min after injection at 11 mM, and into the fetus (liver?) with a peak
at ~20 min after injection of 9 mM. Water is steadily produced in the placenta rising to 17 mM and in the
fetal liver rising to 27 mM. Lactate is produced in the placenta with a peak at 30-40 min of 1.4 mM and in
the fetus (liver?) with a peak at 45-55 min of 1.6 mM.
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Figure S16: Idem as in Figure S15 but on a different animal. Glucose is initially perfusing two placentas
with a peak immediately after injection of 25 mM, in the fetus (liver and brain) with peak at 15-25 min after
injection of ~13-15 mM. Water is steadily produced in the fetal liver rising to 21 mM and in the fetal brain
rising to 30 mM. Lactate is produced in the fetus (liver?) with a peak at =60 min of 2.4 mM. Lactate also
appears produced in the fetal brain with a peak at 45-55 min of 2.5 mM. Lactate in fetal compartments
washes out slowly, with considerable amounts of lactate being detected at the end of the experiment.
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Figure S17: Idem as in Figure S15 but on a different animal. Glucose is initially perfusing the placenta 1
with a peak at ~9 min at 8 mM and placenta 2 with a peak right after injection at 12 mM. Water is steadily
produced in the placenta 1 rising to 20 mM and placenta 2 rising to 27 mM. Lactate is produced in placenta
1 with a peak at 60-68 min of 2 mM and in placenta 2 with a peak at 75-85 min of 3 mM. Lactate in both
placentas barely washes out, with considerable amounts of lactate being detected at the end of the
experiment.
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Figure S18: Idem as in Figure S15 but on a different animal. Glucose is initially perfusing the fetus (liver?)
with a peak at 15-20 min after injection of 10 mM. Water is steadily produced in the fetal liver rising to 23
mM. Lactate is produced in the fetus with a peak at ~45 min of 1.8 mM.
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Figure S19: Idem as in Figure S15 but on a different animal. Glucose is initially perfusing the fetus with a
peak at 15-25 min after injection of 18 mM. Water is steadily produced in in the fetal liver rising to 30 mM.
Lactate is produced in the fetus (liver?) with a peak at ~60 min of 1.4 mM.
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Figure S20: [dem as in Figure S15 but on a different animal. Glucose is initially perfusing the fetus (heart?)
with a peak at ~15 min after injection of 7 mM. Water is steadily produced in the fetal heart rising to 31 mM.
Lactate is produced in the fetus (heart?) with a peak at 45-90 min of 3.4 mM.
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Figure S21: Idem as in Figure S15 but on a different animal. Glucose is initially perfusing the fetus with a
peak at right after injection of 12 mM. Water is steadily growing in the fetus (apparently in the heart), rising
to 30 mM. Lactate is produced in the fetus peaking at ~45 min with 1.2 mM.
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Figure S22: Idem as in Figure S15 but on a different animal. Glucose is initially perfusing the maternal
kidney with a peak at 1-9 min after injection at 40 mM and the placenta with a peak at 1-9 min after injection
at 17 mM. Water is steadily produced in the placenta rising to 23 mM. Lactate is produced in placenta with
a peak at 60-90 min up to 1.9 mM.
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Figure S23: Idem as in Figure S15 but on a different animal. Glucose is initially perfusing the placenta with
a peak at ~1 min at 33 mM and the fetus (heart?) at ~20 min after injection at 21 mM. Water is steadily
produced in the fetus rising to 43 mM and in the placenta up to 54 mM. Lactate is produced in the fetus
(presumabily in the heart) with a peak at ~45min of 4.8 mM.
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Supporting Information S4. Ancillary ?H analysis
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Figure S24: Akin to Figure 2 in the main text, but after intravenous administration of 2Hz2-glycine to a
control pregnant mouse. The ?H MRSI images for ?Hz2-glycine and its metabolic product H-water were
recorded over a time course =2 h. The top row depicts an anatomical reference image and the first two time
series 2Hz>-glycine images. Time-series of ?H MRSI maps and corresponding time traces for individual
organs of interest are depicted below. Gycine is initially perfusing the maternal kidney with a peak at 1-9
min after injection at 10 mM. Apart from in the maternal kidney glycine is only found in small amounts in the
fetus(liver?) at <0.9 mM. Water is steadily produced in the maternal kidney and the fetus, rising to 25 mM.
No other metabolic products are observed.
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Supporting Information S5: Analytical solutions for Egs. (1)-(5)

The manuscript puts forward a kinetic model for reproducing the time traces of the DMI
experiments, based on the following differential equations

dGm dGr G G
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AW, aw w
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where the various variables are described in the main text. Analytical solutions for these
simultaneous equations were found for the boundary conditions Wm(0) = W¢(0) = 10 mM, G¢(0) =
L«(0) = 0. These solutions were used in fitting the experimental data using Maple code (available
upon request), and they were

Gm () = G, - e™k3iE (6)
k¢ .G, _Gm .,
G (£) = (p2gr) (e Faue © — e Rl ) (7)
out “out
kgt-t
Win(8) = |G, - kit (1 — e k68 TG0 ) 4 W 0) (kS — k)| s (8)
out out
Gf ) L
L6) = K -G, kY, (kg B | (Gt | oo
d M\ Koh kS Kone—Kout (rohetome ) (Kone—kSL:)

W (t) = e~kout t y

(k,,"'{;’g Go+W (0)-(KGI- km{))-k%m-(kfit tegrse )+ (i m ke Lk h ) k-Gt w () ke (Kndi— k=t 5T, ) (kG- ki)
(et L -

out out out out out
1 Kt o Gf L W Gf . WS wm Gm | wm
Wm_.Gm~uGf . Gm Wf om (k kmet kout - k kmet kout k kmet kout + k kmet '
(kout kout)(kout kout (kout kout
ke ws —kGmM ¢ G G w Gf
) + kin kmetGoe out (kout _ kour km{t kLSt kout Kout +
t w G G w G G G G
Ou (kouf; kmft (km‘ﬁ kUU—T (kglrﬁ_kml:t) (kglﬁ_km{t) (kmrzré_kolj:t)
k™ wm 2. 't —kWm.g
m_wm\( Wl _,wm (kmEf Go +W(0)- (kout kout (kout) out kout kout e “out * —
(kout kou't (kout kout )
_ka t _ka t
kout kout e “out kout kout e “out (10)

25



Supporting Information S6. Spectrally-resolved kinetic 2H MR fits for all organs in the
control and I-NAME-treated animals analyzed in this study (Figures $S3-S12 and $13-S21)

The panels in the following multi-page Figure summarize the kinetic fits for the aforementioned datasets,
based on the solutions provided in Supporting Information S5, as specified:
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Figure $25: Kinetic fits for datasets in Figures S3-S11 and S15-S23; main fit parameters lead to the data
summarized in Table S1.

Supporting Information S7. Kinetic constants arising from the fits presented in Figure S$25

Table S1. Average kinetic constants determined for the wildtype control and I-NAME-treated mice

derived from the kinetic analyses presented in Supporting Figure S25
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Placenta | Placenta | Fetal Fetal | Maternal | Maternal
I-NAME I-NAME | kidney | kidney
I-NAME

G,(0)(mM) | 2116 2747 173 225 2245 4210

kWm 0.036 0.030 0.032 0.009 0.021 0.005
(mM*min') | $0.010 | £0.009 | +0.006 | £0.002 | %0.010

1K 0.0063 | 0.0029 | 0.0039 | 0.0078 - -
(m Mf,"‘;lfn_, ) +0.0029 | +0.0008 | +0.0020 | +0.0024

kY 0.0110 | 0.0053 | 0.0073 | 0.0081 - -
(m Mi’;,‘;,fn_,) +0.0032 | x0.0014 | +0.0025 | +0.0019

KSm 0.052 0.043 0.064 0.047 0.059 0.043
(mM*min') | $0.004 | £0.005 | +0.009 | £0.005 | %0.010 | +0.001

1SS 0.056 0.050 0.052 0.051 - -
(m Mf,';’;n_,) +0.004 | +0.002 | +0.007 | #0.003

1S/ 0.076 0.071 0.065 0.083 - -
(m M*‘,";in_, ) +0.008 | 0.007 | #0.003 | +0.010

kL 0.035 0.018 0.030 0.026 - -
(m Mf;’;.n_,) +0.006 | +0.012 | +0.006 | +0.008

1 0.0096 | 0.0103 | 0.0042 | 0.0030 - -
(m M’?r::;'n'1 ) +0.0029 | 0.0027 | £0.0016 | +0.0008

kWm 0.0020 | 0.0011 | 0.0023 | 0.0008 | 0.0005 ~0
(mM*min-) | $0.0008 | +0.0004 | £0.0015 | £0.0005

KWm 0.011 0.013 0.010 0.012 - -
(mM*min) | *0.002 | £0.002 | +0.003 | +0.002
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