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tulated by Potts and Eddyg. However, the mechanism by
which osmotic concentration influences the developing
fish embryos remains obscure. When the early embryos
were exposed to 10%. S, the nuclei of the embryonic
cells became either obscure or formed multipolar spin-
dles with scattered chromosomes. This suggests that
high osmotic concentration impaired the nuclear divi-
sion of the embryonic cells.

The salinity tolerance of the zebrafish embryos im-
proved with advancing developmental stage, i.e. the
gastrulae are more tolerant to salinity change than the
blastulae, and the blastulae more tolerant than the cleav-
ing embryos. Holliday and Jones'” showed that plaice
eggs were able to osmoregulate immediately after fer-
tilization. Our results suggest that developing zebrafish
embryos gradually secure the osmoregulatory capacity
during embryogenesis.

It is of interest to note that zebrafish blastulae and
gastrulae exposed to higher salinities hatched markedly
later than normal embryos. This is different from the
observations that an increase in salinity shortened the
hatching period in siganidz, Pacific cod'!, winter floun-
der'?, yellowtail flounder'> and Gulf killifish'*. The dif-
ference may be due to different species. However, the
possibility that the formation of hatching enzyme or its
activity may be differently impaired by higher salinity,
cannot be ruled out.
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p magnetic resonance spectroscopy was performed
on calf muscle of 25 healthy volunteers (during rest-
ing) to establish the baseline metabolic ratios on
Indian population. The study reveals significantly
low PCr/Pi ratio and the presence of phosphodiester
(PDE) peak in all the healthy volunteers, in contrast
to data reported in western literature. The spectra
mimic the patterns obtained from patients of western
population  with  mitochondrial impairment. The
findings indicate muscular weakness in our popula-
tion and may be attributed to sedentary lifestyle,
poor nutrition (low protein intake) or due to ethnic
differences. These novel findings are of importance
and need in-depth investigations.

3p Magnetic resonance spectroscopy (MRS) has been
extensively used to investigate non-invasively the en-
ergy metabolism of the human muscle, since its first
application using surface coils"?. Various phospho me-
tabolites such as phosphocreatine (PCr), inorganic
phosphate (Pi), adenosine triphosphate (ATP), phos-
phomonoester (PME) and phosphodiester (PDE) can be
measured in vivo, with ease, accuracy and high repro-
ducibility. Hence, it has become a modality of choice to
investigate energy metabolism in living tissue. Also, the
intracellular pH from the spectra can be measured from
the chemical shift of Pi resonance from internal refer-
ence peak of PCr**. PCr recovery rates after exercise
are useful in evaluating oxidative phosphorylationS’6
and the variations in the intracellular pH during exercise
are related to lactate production. This technique thereby
allows us to indirectly study the glycolysis and mito-
chondrial oxidative phosphorylation metabolism. There
are numerous reports on the muscle bioenergetic im-
pairment in various muscle myopathies, injuries and
various other disorders involving muscle weakness’ '*
and a lower PCr/Pi ratio has been observed in compari-
son to controls. Decreased PCr/Pi ratio has also been
reported in malnourished individuals in different
age groups, namely children (age 10.5%1.5 years)ls,
middle-aged (age 25-62 yealrs)16 and elderly people
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(age 4251195 years)”. Recovery of muscle PCr and
Pi and returning to normal values after nourishment for
a month has been observed'’. We have a large popula-
tion affected by thyroid disorders and these patients are
known to have muscle weakness and exercise intoler-
ance'®. The present study was undertaken to establish
the phosphorous metabolic ratios PCr/Pi, Pi/ATP,
PDE/ATP and PCr/ATP in healthy volunteers of our
population during resting state, so that the data can be
used for future research on thyroid disorders. This is a
detailed *'P MRS report on the Indian population, hint-
ing weakness in adult resting muscle.

We performed lp spectroscopy on 25 healthy volun-
teers (15 women and 10 men) in the age group of 20 to
40 years. The control subjects were recruited from our
institute and had no previous history of muscle weak-
ness or any other medical problem and were not under
any medication for a minimum of six weeks preceding
the study.

All the experiments were carried out on a 1.5 Tesla
whole-body MRI system (Siemens, Magnetom Vision)
at an operating frequency (Larmor frequency) of
63.6 MHz for proton and 25.7 MHz for phosphorous. A
15 ¢m double-tuned (IH, 31P) surface coil was used to
acquire the spectrum. This coil has a linearly polarized
receive-only segment for proton frequency and circu-
larly polarized transmit/receive segment for phospho-
rous frequency. The magnetic field homogeneity was
optimized on proton signal and after achieving the de-
sired homogeneity, the frequency was switched to ’p
frequency. Free induction decay pulse sequence with a
flip angle of 90° was used with repetition time of
1500 ms and 128 signal averages, resulting in a meas-
urement time of approximately 3.2min. After Fourier
transformation and phase correction of the raw data, the
metabolic concentrations of Pi, PCr, PDE and [3-ATP
were measured, by computing the areas under these
peaks. For the purpose of computing the metabolic ra-
tios, B-ATP peak was used because there is no contami-
nation of other metabolites at this peak position. The
intracellular pH of the muscle was directly calculated
from the spectra by measuring the shift of Pi position
(chemical shift) from the reference PCr peak and using
the formula

pH = 6.75 +10g((3-3.27)/(5.69-9)),

where &is observed chemical shift of Pi peak from PCr.

A typical phosphorous spectrum from the calf muscle
of healthy volunteers is shown in Figure 1. In our study
we have observed prominent PDE peak in the muscle
spectra obtained from all the 25 healthy volunteers. The
important metabolic ratios and intracellular pH during
resting are shown in Table 1. The unique findings from
our data are (i) much lower PCr/Pi ratio (6.08+0.58),
and (ii) presence of PDE peak in all the volunteers, in
contrast to the literature on western population. The pH
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of the muscle on our population was calculated to be
7.07+0.03, which correlates well with earlier re-

Spectra measured on our population show an abnor-
mally low PCr/Pi ratio and high Pi/B-ATP, PCr/B-ATP
and PDE/B-ATP ratios compared to the western popula-
tion (Table 1). Low PCt/Pi values are often observed in
the muscle of patients with mitochondrial myopathies,
because of decreased energy state at rest due to im-
paired mitochondrial function'™'*?*?! It was proposed
that this ratio could be used as a sensitive diagnostic
marker of mitochondrial myopathyzz, but abnormalities
in resting energy state have also been reported in pa-
tients with hypothyroid myopathyg’lo’lz, polymyositis,
muscular dystlrophy8 and in cases of muscle injury
These reports indicate that a low PCr/Pi ratio could re-
veal primary as well as secondary mitochondrial disor-
der. Our results show much decreased energy state
(PC1/Pi) in healthy Indian volunteers. The high meta-
bolic ratios like Pi/B-ATP, PCr/3-ATP and PDE/B-ATP
in our volunteers also support some sort of muscle
weakness in our population. The PDE peak has been
observed on °'P spectra of muscle in patients with mus-
cle dystrophyll, and also on intact heart muscle and
slow twitch muscle’. Previous studies on patients with
muscle myopathy and with thyroid disorders have
shown PDE peak in the spectra, but this was found to be
missing in muscles of healthy volunteers”'"!?. The PDE
peak has been assigned to glycerol-3-phosphorylcholine
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Figure 1. Typical P MR spectra from calf muscle of a healthy
volunteer. (Values indicate the chemical shift position in ppm with
respect to PCr.)
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Table 1. Metabolic ratios and intracellular pH in healthy controls (in comparison with the literature)
Control

Metabolite Present result Taylor er al." Keminsky er al.' Argov er al.’

parameter (n=25) (n =26) (n=9) (n=20)

PCr/Pi 6.08 £0.58 9.49 +1.93 - 8.5+2.1

Pi/ATP 1.04 £0.13 0.34 £ 0.06 0.78 £0.13 0.4-0.85

PDE/ATP 0.84 £ 0.31 0.02 £ 0.04 - No PDE peak

PCr/ATP 6.27 £0.78 3.08+0.15 5.24 £ 0.56 5.5+£0.7

PCr/(PCr +Pi)  0.8510.01 - - -

pH 7.07 £0.03 7.03 £0.03 7.04 £0.04 -

Table 2. Metabolic ratio in healthy men and women

Metabolic ratio Male (n =10) Female (n = 15)
PCr/Pi 5.91 £ 0.60 6.11 £0.56

Pi/ATP 1.09 £0.12 1.00+£0.13
PDE/ATP 0.96 £0.28 0.78 £0.23
PCt/ATP 6.47 £ 0.64 6.10+£0.91
PCr/(PCr + Pi) 0.85+£0.01 0.85+£0.01

and to glycerol-3-phosphorylethanolamine (PDEs)>.

Correlation between the PDE content measured on rest-
ing gastrocnemius muscle of healthy volunteers and age
has been observed®"*’, suggesting that the increase in
PDEs is probably linked to aging due to muscle fibre
degradation, and not to disease. But in our study we
have observed a PDE peak in all the volunteers (age
group of 20-40 years) irrespective of age. Though a
minimal PDE peak is seen in the earlier spectra24’26, the
authors have not taken note of this peak in normal vol-
unteers. In a recent article”, though there is a mention
of detectable PDE peak in controls, there is no quantifi-
cation of the peak or inference. PDE peak and low
PCr/Pi ratio have been observed in malnourished indi-
viduals, which improves with nutrition within a
month'”. Conditioning the muscle by physical activity is
found to increase the PCr/Pi ratio in the healthy volun-
teers”®. PCr/Pi in our population is found to be in a
lower range (4.8-6.7) and overlapping only in the lower
limit of the PCr/Pi ratio (6-12) from the western popu-
lation'*. The presence of a prominent PDE peak in our
population together with low PCr/Pi and high PCr/ATP
ratio, may be due to fibre degradation and could be at-
tributed to low protein intake, sedentary lifestyle in our
population or due to racial differences. The small varia-
tions in the metabolic ratios in our study compared to
previous reports may be due to the selection of volun-
teers from a more homogeneous group in respect to
economic condition and lifestyle. The large variations
in PCr/Pi ratio (9491193 and 85%2.1)) observed in
previous reports on healthy volunteers®!%!* illustrate
the diversity of a normal population. The mean meta-
bolic ratios in men and women do not significantly dif-
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fer (P>0.05) in healthy population, showing no
dependence of sex on metabolic rates in resting muscle
(Table 2). Homogeneity in the group of subjects (seden-
tary vs ftrained, male vs female) and sufficiently large
population of volunteers will be required to reach a bio-
significance in the description of normal
muscle in our population, compared to the western lit-

statistical

erature. Our findings are of importance in the improve-
of physical our population,
particularly, in sports persons and soldiers. Keeping this

ment endurance in
in view, more detailed studies to assess muscle function
by various other established techniques would be re-
quired, to establish the cause of muscle weakness in our
population.
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Ramesh Kumar et al. reported a boron- and gal-
lium-bearing variety of the rare beryllosilicate suri-
namite in quartzofeldspathic gneisses from 7
localities near Vizianagaram, the first report of suri-
namite in India. These surinamite-bearing gneisses
are unusually enriched in beryllium compared to
other pelitic gneisses, and few non-pegmatitic silicate
minerals simultaneously contain significant amounts
of beryllium and boron, so the report of surinamite
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in the Vizianagaram gneisses is of special geochemi-
cal and mineralogical interest. In samples from two
of the localities studied by Ramesh Kumar et al.l,
including four chips of their original specimens, no
surinamite was found. Instead, we identified abun-
dant hypersthene. Petrographic study and electron
microprobe analyses of minerals in the original sam-
ples show these to contain quartz, K-feldspar, alu-
minum-rich  hypersthene (7.92-10.18 wt%  Al,03),
garnet (On average Almo_ssPrp0_3gspSo_OIGrSO_Ol), zinc-
and chromium-poor hercynite, sillimanite (1.47-
1.75 wt% Fe;03), magnetite and ilmenite—~hematite
intergrowths. Secondary cordierite is poor in alkalis
and calcium, whereas biotite is rich in titanium and
fluorine. Mineral compositions indicate that these
gneisses crystallized under relatively oxidizing and
very dry conditions near 1000°C and 7 kbar. No evi-
dence was found for beryllium, boron or gallium
enrichments, but a new occurrence of the borosili-
cate prismatine indicates the presence of a boron-
enriched layer in the gneisses.

SURINAMITE  (Mg,Fe®")3(ALFe );0[AlBeSizO;s], s
found in high-grade metapelites and metapegmatites at
seven localities worldwide, most recently from South
Harris, Scotland®. Tn addition, Ramesh Kumar er al. !
reported a B- and Ga-bearing surinamite in relative
abundance from seven localities in the Vizianagaram
district. This unusual surinamite composition and abun-
dance attracted our interest for several reasons. Surina-
mite is a very sparse accessory in metapelites at the
other localities, where only a few grains are found in a
thin section. Ramesh Kumar er al' reported 30-40
grains in each of two thin sections, i.e. possibly 0.1 or
more modal per cent. The contribution to the whole-
rock Be budget by this amount of surinamite (1.6 wt%
Be) would be 15-20ppm, leading to wholerock Be
contents of at least this amount, i.e. Be contents well
above the normal range of 1-5ppm Be for pelitic sedi-
ments and their metamorphosed equivalents3. The East-
ern Ghats surinamite-bearing metapelites would be
unique in their relatively elevated Be contents over a
large area. In addition, Ramesh Kumar et al! reported
2.01-3.17 wt% B,0Os in the surinamite, a very high con-
tent given the absence of associated boron minerals. In
general, minerals simultaneously enriched in Be and B
are rare in metamorphic rocks. Thus, the B-bearing su-
rinamite’ could provide insight into the crystal chemis-
try of Be and B in silicate minerals, while the
surinamite-bearing host rocks could shed light on Be
enrichment in metamorphic environments.

With these objectives in mind, we examined samples
of gneisses and associated rocks from the area studied
by Ramesh Kumar et all, including their four original
sample chips (Table 1). No mineral resembling surina-
mite was found in thin sections of gneisses similar to
the surinamite-bearing gneisses described by Ramesh
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