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IntrocPuctim 
Two dimensional (2D) correlation ‘H-13C spectroscopy, which can 

resolve glutamate and glutamine in viva via t3C chemical shifts (&) with ‘H 
sensitivity, is one of the best 13C MRS methods. We have proposed a 
multislice ‘H-i% heteronuclear single quantum coherence (HSQC) method 
(1, 2) and demonstrated that it enabled the detection of several amino acids 
from a human brain after the oral administration of glucose Cl (Fig. 1). In 
this sequence, a simple reverse polarization transfer using 90”(%) and 
90”(‘H) is utilized after tt to minimize a number of RF pulses, so that ‘H 
chemical shifts (&) are not refocused and a magnitude-mode display is 
needed. In this paper, we present a quantitative analysis method for 2D 
spectra, in which phasing is difficult because of heavy baseline distortions, 
by using a complex nonlinear least-squares (NLLS) curve-fitting and 
demonstrate in viva application. This method is also useful for 2D spectra 
acquired without i3C decoupling to be free of heating problems and 
decoupling noise by using a model which includes the Jcn splitting. 

In the 2D HSQC spectra, these following parameters are detectable: &, 
Jnn and Jcn in Fa; 4 and Jcc in Fr. Since each peak is well resolved, each 
Jcu doublet can be curve-fitted respectively. One doublet can be written as 
2D Lorentzian model with 7 parameters, neglecting Jcc splitting, because 
JHH cannot be resolved under in viva conditions: 

F(q, a!; v, aal, ubz. @, Qb 4, $‘I 

= exp(&W% + QI[(&1 + iDA + exp(i%)&2 + i&2)1 
with 

AI = ai 1 Is2 + (Y - ~~1~1 
DI = - (a - ~1) 1 Is* + (Q - @x)*1 
&I = 0.5% / [a22 + (Y, - (ubz - 27@dW21 

D2t = -0.5% / [fi2 + (q - (~32 - 2tiCH/2))2] 
A22 = 0.5% 1 loc2” + (Y - (412 + 27GdW21 

D22 = -0.5 ag I [ fi2 + ( y - (I& + 27&~/2))~] 
ThUS, 

F,a = V[R cos(&) - I sin(&)] 
Firnag = V[R sin(&) + I cos(&)] 

with 
R = At[Azt + (A21 cosg& - D22 sin&)] 

- DI[&I + (A22 sin& + h c41)l 
I = At[D2t + (A22 sin& + D22 cos@] 

+ MA21 + (A22 cash - D22 sin&t)1 

Using this model, a 2D frequency domain data is approximated as follows: 

Using the developed complex NNLS method, the in viva 2D HSQC 
spectrum of a human brain (Fig. 1) was curve-fitted. Figure 2 shows the F2 
cross sections at & for a glutamate C4 resonance of the 2D spectrum shown 
in Fig. 1, the best tit and the residual F2 sections. 

A presented complex NLLS curve-fitting method is a useful tool for in 
viva 2D HSQC spectra. It also enables quantitation of 2D HSQC spectra 
without 13C decoupling. Moreover, this method can be applied to in viva 2D 
spectra for which phasing is difftcult. 
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Fig. 1. A 2D iH-t3C HSQC spectrum obtained from a human brain 
(volume size = 36 ml, total acquisition time = lOOmin) after an oral 
administration of glucose Cl. 

spectra, and Ati and Aunag are those of Yacobians of FEti and Fims 
Complex spectra are curve-fitted to this model using a modified 

Marquardt algorithm. In this NLLS method, good initial parameter estimates 
are importance for convergence. For this estimation, first, 5 sets of 
parameters (V, eb,. e.b*, cz, and crJ are calculated from a magnitude-mode , , , , , , , , , , , , , , . , 
spectrum and & is obtained from a dead time in the sequence. Developed g 4 0 -48 4 0 -4 8 4 0 -4 
curve-fitting procedure is as follows: mm 

(1) estimation of&using a LS fitting Fig. 2. The FZ cross sections through glutamate C4 (top) of the 2D spectrum 

(2) estimation of V, ai, a,, and 4 using a NLLS shown in Fig. 1, the best fits (middle), and the residuals (bottom). 

(3) estimation of all parameters using aNLLS 
It is possible to avoid convergence to local minimum using above procedure, 
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