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Determination of Liothyronine and Thyroxine in 
Dried Thyroid by GLC 

ROMAN BILOUS’ and JOHN J. WINDHEUSER* 

Abstract-The analysis reported here was successful in the quan- 
titative determination of liothyronine and thyroxine in driedthyroid. 
Three basic steps were employed: (a) hydrolysis of the dried thyroid 
to release the iodoamino acids from their protein linkage, (b) sepa- 
ration of liothyronine and thyroxine from the interfering sub- 
stances by extraction and column chromatography, and (c) detec- 
tion and quantitation by GLC. 
Kqphrpses 0 Thyroid, dried-paration, GLC analysis, liothy- 
ronine and thyroxine IJ Liothyronine and thyroxine-separation, 
GLCanalysisindried thyroid [7Thyroxineandliothyronine-separa- 
tion, GLC analysis in dried thyroid 0 GLC-analysis, liothyronine 
and thyroxine in dried thyroid 

The thyroid gland contains a number of iodoamino 
acids, of which the principal hormones secreted are 
thyroxine and liothyronine. Small amounts of 3,3’,5’-tri- 
iodothyronine, diiodotyrosine, and monoiodotyrosine 
are also present (1). However, biological activity a p  
pears to be present only in thyroxine and liothyronine, 
with little or no activity in 3,3‘,5’-triiodothyronine (2, 
3). The original method of standardization was done by 
the determination of total organic iodine (4) or by the 
“thyroxine” iodine content determination of Harington 
and Randall (5) .  Although this method is highly non- 
specific, it is still being utilized, with slight modifica- 
tions, as the official USP XVIII method. 
GLC appeared to hold a great deal of promise in the 

determination of thyroid hormones. The results would 
be specific and would differentiate between the com- 
pounds found useful in therapy, namely liothyronine 
and thyroxine. Other compounds of lesser activity such 

as 3,3’,5’-triiodothyronine would also be separated and 
quantitatively determined. 

The high molecular weight and the lack of volatility 
necessitated the formation of a volatile derivative. 
Derivatives prepared by Stouffer et al. (6) and Richards 
and Mason (7) required a two-step reaction. Zimmerer 
and Grady (8) used a one-step method to form methyl 
derivatives by means of diazomethane, but their deriva- 
tives eluted as a pair of peaks for both liothyronine and 
thyroxine and this did not appear suitable for our a p  
proach. A one-step derivatization method using a silylat- 
ing agent appeared to be the method of choice. Although 
Zimmerer and Grady (8) noted the difficulty in obtain- 
ing reproducible silylation, this was not noticed in our 
work when suitable precautions were taken. Since 
thyroxine and liothyronine are found bound in a pep 
tide linkage to thyroglobulin, which is present in the 
colloid material in the follicles of the thyroid gland (l), 
it is necessary to break this peptide linkage either 
chemically or enzymatically to obtain the free iodo- 
amino acids prior to GC. 

Some authors used alkaline hydrolysis to break the 
peptide linkage (9-1 1) while others used various en- 
zymes to achieve the same result (12-15). Generally, 
the method involved the refluxing of dried thyroid with 
various bases or the utilization of a number of pro- 
teolytic enzymes. The hydrolysates, obtained by either 
method, were extracted with 1-butanol. 

However, the quantitation of liothyronine and 
thyroxine in the 1-butanol extract by GLC was not 
feasible due to the presence of interfering substances 
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which necessitated further purification of the extract. 
It was reported in a previous article (16) that the inter- 
ference was probably due to charring of nonvolatile 
material on the GLC column. 

To accomplish this purification, a number of different 
methods were used: column chromatography (14, 17- 
22), paper chromatography (10,12,13,15), TLC (1 1,23), 
and gel filtration (24). Although all methods achieved 
limited success, they were still not totally specific for 
liothyronine and thyroxine. Quantitation was based on 
the determination of iodine from the separated frac- 
tions. This approach suffered from the obvious disad- 
vantage of being only partially specific, because iodine 
could come from physiologically active and nonactive 
iodoamino acids. 

The clean separation of the physiologically active 
thyroid hormones from the other constituents, present 
after hydrolysis and extraction, is the main problem 
that has defied many workers in this field. Without this 
separation, the specific determination of the amounts of 
liothyronine and thyroxine in dried thyroid is difficult to 
achieve. 

Although GLC has been successfully used for syn- 
thetic mixtures of iodoamino acids, it has not been suc- 
cessfully applied to dried thyroid (6, 8, 24-30). This 
article reports the successful separation and quantita- 
tion of liothyronine and thyroxine from dried thyroid by 
GLC. 

EXPERIMENTAL' 

Roelpnts and Chenl+The following were used: thyroxine 
(T,, 3,5,3',5'-tetraiodothyronine) r e c r y s t d i d  from 80% (v/v) 
aqueous ethanol and 5 ml. 2 N hydrochloric acid (25); liothyronine 
(T,, 3,5,3'-triiodothyronine) USP reference standard; 3,3 ',5 '-triiodo- 
thyronine' (Tt', reverse TI, or Triso); Sephadex G-10'; dimethyl 
silicone'; diatomaceous earth', silane treated, 60-80 mesh; and 
N,O-bis(trimethylsilyl)acetamide. All other chemicals were reagent 
grade. 

solveatn and Sddaos-All solvents were of reagent grade or as 
noted. The following were used: pyridine, anhydrous, reagent 
grade, distilled and stored over potassium hydroxide, b.p. 113- 
115"; 1-butanol, redistilled, b.p. 114"; ammonia-methanol solution, 
5% v/v: ammonium hydroxide in anhydrous methanol; aqueous 
ammonia-methanol solution, 10% v/v: ammonium hydroxide and 
water in anhydrous methanol (10 : 40 : 50); acid-methanol solution, 
5% v/v: hydrochloric acid in anhydrous methanol; and 1-butanol 
equilibrated with 0.1 N sodium thiosulfate. 

Preparatioo of SephnaeX Column-Thirty-three grants of Sepha- 
dex G-10 was mixed with 100 ml. of aqueous ammonia-methanol 
solution, 10% v/v, and allowed to solvate overnight. A column (27 
X 21 cm.) was then prepared and allowed to stand overnight. It 
was foil cowed. 

1 The instrumentation consisted of a Nuclear-Chicago Research gas 
chromatograph, senu 5O00, with hydro en-flame iomzatlon detector 
and U-shaped column .oven; .a Barber&man strip chart recorder. 
series 8O00, equpped with a Lsk chart integratpr, model 205; a Beck- 
man Expandomatlc pH meter, and a Mettler Micro Gram-atic balance. 
high-speed M-5 S/A. The apparatus used were a Buchler portable flash 
eva rator; a Burrell wrist-action shaker (Burrell Co Pittsbur h. 
Pa.rHamilton microliter syringes, 1701-N (10 pl.) and F i l -NCH (&HI 
.); U-shaped borosilicate glass columns. 1.83-m. (aft.) heavy wall t -mm. i.d.; and liquid Chromatography columns, 27 X 2.1 Em.. with 

Teflon stopcocks. 
* Warner-Lambert Research Institute, Lot 9, Feb. 1970, through .Dr. 

Daniel Banes, Director, Office of Pharmaceutical Research and Testing, 
Bureau of Drugs. 

1 Warmacia Fine Chemicals, Piscataway. N. I. 
4 OV-1 Applied Science Laboratories, Inc., State College Pa. 
5 Gar-Chrom Q A phed Science Laboratones, State College, Pa. 
6 Pierce Chemich 80.. Rockford, Ill. 

PROCEDURE 

preparptioo of Sempk-Mix approximately 0.3 g. of dried 
thyroid, accurately weighed, with 3 g, of barium hydroxide [Ba- 
(OH),.8HIo] and 6 ml. of water in a foilavered round-bottom 
flask. Flush with nitrogen and air flux for 6 hr. at 96". When reflux 
temperature is reached, flush again with nitrogen and lightly seal the 
apparatus. Cool and acidify with approximately 3.5 ml. of dilute 
hydrochloric acid (1 : 1) to pH 0.8-0.9 as determined by a pH meter. 
Extract the acidified solution with 10, 5, 5, and 5 ml. of 1-butanol 
saturated with 0.1 N sodium thiosulfate while protecting from 
light. Wash the combined 1-butanol extracts with three 25-ml. quan- 
tities of distilled water saturated with 1-butanol. The final washing 
is to  be neutral to  pH indicator paper. Filter through a medium 
sintered-glass filter. Rinse the separator with 1-butanol and, after 
passing the rinsinm through the filter, combine with the original 
extract. Evaporate to dryness under reduced pressure with a rotary 
evaporator in foilavercd flasks. Add ethanol to aid in removal 
of moisture and evaporate to dryness. 

Transfer the residue quantitatively, using a total of 5 ml. of 
aqueous ammonia-methanol solution, 10% v/v, to a Sephadex 
G-10, light-protected, 27 X 2.lcm. column. Elute with the same 
wlvent. Discard the first 35 ml. of eluate but collect the second 
fraction of 80 ml. Evaporate the eluate to dryness under reduced 
pressure in a light-protected flask. Add 5 ml. of acid-methanol 
solution, 5 % v/v, and evaporate to dryness under reduced pressure. 
Add 5 ml. of ethanol, evaporate to dryness, and flush with nitrogen. 

Add 100 pl. of anhydrous pyridine and 300 pl. of N,O-bis(tri- 
methylsily1)acetamide and heat for 2 hr. a t  50". Refrigerate over- 
night. 

Prepsration of Standard Derivative-Accurately weigh on a 
microbalance approximately 1 mg. of liothyronine and 1.5 mg. of 
thyroxine into a Qml. (l-dram) vial with a foil-lined screw cap. 
Wrap the vial with foil. Add 100 pl. of anhydrous pyridine and 300 
pl. of N,O-bis(trimethylsilyl)aCetemide and heat for 2 hr. at 50". 
Store overnight in a refrigerator. Inject 3 pl. onto the GLC column. 

CLC-For analysis, use GLC under the following conditions: 
1.83-m. (dft.) X 3-mm. i.d. heavy wall borosilicate glass U-shaped 
column, packed with 1 % dimethyl silicone coated onto 60-80-mesh 
diatomaceous earth, silane treated, and conditioned at  300" over- 
night; initial column temperature, 165"; h a 1  column temperature, 
285"; programmed rate, So/&.; chart speed, 1.3 cm. (0.5 in.)/min.; 
nitrogen carrier gas flow, 50 ml./min.; injector temperature, 240"; 
detector temperature, 330"; attenuation for thyroxine, liothyronine, 
and 3,3',5'-triioQthyronine, 16 X 10-n amp.; and attenuation for 
dried thyroid sample. 16 X 1Wi0 amp., changed to 2 X 1Wi0 amp. 
at 235" (13 min.). Inject 3 pl. of standard derivative and obtain the 
awns for liothyronine and thyroxine. Then inject 3 pl. of the dried 
thyroid sample dmivative to obtain areas of liothyronine and thy- 
roxine. 

Quurtitation of Results-Calculate the amount of liothyronine 
and thyroxine from the integration areas: 

where A,, = integrated area of unknown, A, = integrated area of 
standard, C. = milligrams of standard in 400 pl., and W = weight 
of dried thyroid sample in grams. 

RESULTS AND DISCUSION 

Mect of HydrdyL w Syntbetlc MIxhtres of Ljothyroalne and 
Thyroxine and Compktenesll of Extraction-This portion of the 
study was undertaken to determine if the hydrolytic conditions 
caused degradation of the iodoamino acids and if the extraction 
procedure gave quantitative results. To determine these points, syn- 
thetic mixtures of liothyronine and thyroxine were subjected to a 
dhr. hydrolysis as described previously. The hydrolysis flask fitted 
with ao air condenser was protected from light and flooded with 
nitrogen. The recovery of liothyronine and thyroxine was 100.6% 
(1.20) and W.92Z (2.224, respectively, using the described analyti- 
cal procedure. The results are recorded in Table I. 

The study indicated that liothyronine and thyroxine were stable 
under the conditions of hydrolysis; extraction was compkte and 
could be determined by GLC. 
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TaMe I-Recovery of Liothyronine (Ta) and Thyroxine 
(T,) after Hydrolysis 

a 
0 

K 

c 

Y 

$loo0 

s 
E m -  

a 600- 

$ 
g 400 

u, 

z 

-Liothyronine (Tab -Thyroxine (Tc+ 
Added, Found, Percent Added, Found, Percent 

me. mg. Recovery me. me. Recovery 

- 

- 

0.883 0.885 100.2 1.529 1.450 94.83 
0.812 0.792 97.54 1.645 1.585 96.35 
0.905 0.932 103.0 1.610 1.604 99.63 
1.040 1.058 101.7 1.486 1.559 104.9 

Mean 100.6 
u 1.2 

Mean 98.92 
u 2.22 

Table II-Recovery of Liothyronine ( T a )  and Thyroxine (T,) from 
Sephadex (3-10 Columns 

-Liothyronine ( T a b  -Thyroxine (T,+ 
Added, Found. Percent Added, Found, Pacent 
a. ms. Recovery me. mg. Recovery 

1.086 1.111 102.3 1.527 1.619 106.0 
1.086 1.084 99.82 1.527 1.569 102.8 
1.005 1.041 103.6 1.507 1.534 101.8 

Mean 101.9 
u 1.1 

Mean 103.5 
u 1.3 

Ditect extraction of the synthetic m i x t m  without prior hy- 
drolysis was also found to be quantitative. 

Rviflcptioa-Several techniques were attempted to separate the 
iodoamino acids from interfering substances in the 1-butanol ex- 
tract. Column chromatography appeared to offer the greatest 
probability of separation; therefore, cdumns of aluminum oxide, 
diatomaceous earth', and Sephadex G-10, G-15, and LH-20 were 
tried using a number of solvents. RecoverieS ranged from zero to 
95%. The low recoveries could have been due to adsorption on the 
columns or the failure to remove the charring impurities. 

However, when liothyronine and thyroxine were eluted with 
aqueous ammonia-methanol solution, 10% v/v, from a Sephadex 
G-10 column, previously prepared with the same solvent, the first 
fraction of 35 ml. contained the interfering material. The second 

1600 

1400 

ln 
t 
z 1200 
3 

0 0 L 4 8 U 1 6  

SAMPLE SIZE, mcg. 

Figure &Detector response for varying amounts of llothyronlne 
(Ts), 3,3',5'-triiodothyronine (Ta'), and thyroxine (T,). 

7 Celite 535. Johns-Manville, New York, N. Y. 
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F m  2-Temperature-programmed chromatogram of a srandard 
deriwtiw (programmed temperature - 165-285 O ,  programmed rate 
= IO"/min., andattenuation = 16 X IQIO amp.). 

fraction of 80 ml. contained the liothyronine and thyroxine. The 
results are contained in Table 11. 
The success of separation depends on the preparation and pack- 

ing of the column. Reproducible elution patterns were obtained 
only if the Sephadex G-10 was solvated overnight and then the 
packed column was allowed to stand overnight to ensure uniform 
density. Directly before using, 200 ml. of eluting solvent is passed 
through the column. 

After elution and removal of the solvent from the fraction con- 
taining the iodoamino acids, 5 ml. of 5% v/v acid-methanol solu- 
tion is added to the flask and removed under reduced pressure. This 
step is vital to the successful preparation of silyl derivatives. The 
conversion of liothyronine and thyroxine to the acid form is neces- 
sary since the corresponding salts will not readily form these 
derivatives. 

Meet of ~ - I n i t i a l l y .  attempts to elute quantitatively liothy- 
ronine and thyroxine from columns gave low results. It was sus- 
pected that the low results might have been due to light-catalyzd 
degradation. Experiments were then carried out where all opera- 
tions, from elution to the preparation of the trimethylsilyl deriva- 
tive, were protected from light. Recoveries were reproducible and 
quantitative. Based on these findings, all other facets of the pro- 
cedure, from hydrolysis to derivatization, were protected from light 
and treated with nitrogen gas. The exact nature of the degradation 
was not studied further. 

preperatlon of a Trimethylsilyl Derivative-To prepare this 
derivative, a method similar to that of Alexander and Scheig (25) 
was used. Pyridine was used to facilitate silylation of the iodoamino 
acids. The temperature was kept at So, because signs of possible 
degradation appeared when higher temperatures were employed. 
Greater and more reproducible responses were obtained if the 
derivatives were refrigerated overnight. As is the case with most 
trimethylsilyl derivatives, they arc prone to hydrolytic degradation, 
so care must be exercised to prevent contact with moisture. After 
overnight refrigeration, the sample must be allowed to come to 
room temperature before Wig opened. 



Tpble III-Determination of Liothyronine (T:), 3,3‘.5‘-Tkiiod0- 
thyronine (Ti), and Thyroxine (T4) in Dried Thyroid 

Porcine Dried TI, TI ’9 T4. 
Thyroid” mg.ls. me./& me.le. 

Lot 263 containipe 
0.89% wlw 10- 
dine 

Mean 
U 

Lot 102 

Mean 
U 

0.344 
0.355 
0.331 
0.345 
0.392 
0.383 
0.360 
0.358 
0.00s 
0.298 
0.326 
0.312 
0.014 

- 1.571 - 1.352 
- 1 .249 - 1.432 

0.082 1.421 
0.073 1.326 
0.077 1.265 
0.077 1.374 
0.003 0.042 
- 1.348 

0.090 1.187 
0.090 1 ,267 
- 0.081 

0 
830 a 

M 

10 

i 

0 Armour. 

Quantitatire Results-It was found that there was a linear rela- 
tionship between the sample size and recorder response for lio- 
thyronine, 3,3’.5‘-triiodothyronine, and thyroxine as shown in Fig. 
1. A typical chromatogram of a standard derivative is shown in 
Fig. 2. 

When the desaibed method, including the purification step, was 
applied to dried thyroid, the results given in Table 111 w e  obtained. 

Data are presented on two lots of dried thyroid. These results 
appear reasonable based on estimates of iodine content. However, 
it is not possible to  state with absolute certainty the total percentage 
recovery of liothyronine and thyroxine in these samples since the 
absolute analysis is not known. However, when liothyronine and 
thyroxine were added to  dried thyroid (Lot 263) and assayed 
according to the described method, quantitative recovery of the 
added material was obtained when calculated by difference. Al- 
though this is not an absolute proof of quantitation, it does lend 
support to the data. 

A chromatogram of the 1-butanol extract of a dried thyroid hy- 
drolysate is shown in Fig. 3. In addition to liothyronine and thy- 
roxine, 3,3’,5’-triiodothyronine and an unknown were separated. 
The unknown compound is probably an iodoamino acid whose 
identity has still to be verified. 

Other iodoamino acids were not quantitatively determined be- 
cause it was found in previous work that 3-monoiodotyrosine, 3.5- 
diiodotyrosine, and 3,Sdiiodothyronine were not quantitatively ex- 
tracted by this procedure; therefore, correlation with the total io- 
dine content of the dried thyroid powder could not be done. 
Further work to substantiate absolute quantitation must be. carried 
out as well as the correlation of this method with biological activity 
measurements. 
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