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Abstract 0 A sensitive and specific method is described for the 
determination of dantrolene, a new skeletal muscle relaxant. 
Method specificity for dantrolene in the presence of dantrolene- 
related metabolites is based on a combination of solvent extrao 
tions, chromatography, and the fluorescence characteristics of 
dantrolene. The method is satisfactory for use with plasma, blood, 
urine, bile, tissues. and feces. Modifications of the dantrolene 
method are also provided for estimating two dantrolene-related 
metabolites in biological fluids. 
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Dantrolene sodium', 1-[[5-(p-nitrophenyI)furfur- 
ylidene]amino]hydantoin sodium hydrate, is a new 
muscle relaxant which apparently acts directly and 
selectively on skeletal muscle (1-3). During the early 
development of this drug, a spectrophotofluorometric 
procedure was developed for the determination of 
dantrolene, I-[[5-(p-nitrophenyl)furfurylidenelamino+ 
hydantoin, in blood and urine (4). Subsequent investiga- 
tion revealed that dantrolene is metabolized by both 
nonreductive and reductive pathways, and a polaro- 
graphic method was developed which determines the 
total nonreduced or reduced metabolites (5). The drug 
is reduced to 1 {[5-(p-aminophenyl)furfurylideneJamino]- 
hydantoin and subsequently acetylated to I-[[S-(p- 
acetamidophenyl)furfurylidene]amino]hydantoin (5).  A 
major nonreduced metabolite also was isolated which is 
currently designated as Metabolite A (5).  Recently, it 
was established that Metabolite A interferes in the 
determination of dantrolene by the original fluorometric 
procedure. 

A modification of the original procedure is now 
presented for determining dantrolene in biological 
specimens containing known drug-related metabolites. 
The method is satisfactory for use with plasma, blood, 
urine, bile, tissues, and feces. Methods for estimating 
two of the major metabolites, acetylated dantrolene 
and Metabolite A, in plasma, blood, and urine are 
also described. 

EXPERIMENTAL 

Reagents and Instnmmt-The reagents include N,Ndimethyl- 
formamide, reagent grade); ammonium sulfate, special enzyme 
grade'; sodium hydroxide, analytical reagent'; hydrochloric acid, 
analytical reagent'; 1-hexanol, practical grade'; heptane, practical 
grade'; 1-nitropropane, practical grade"; ethyl acetate, swtro-  

1 Dantrium. Eaton Laboratories. 
* Matheson, Coleman and Bell (DX 1730). 
I Schwarz/Mann (1946). 
6 Mallinckrodt Chemical Works (7708 . 
1 Mallinckrodt Chemical Works (2612j. 
8 J. T. Baker Chemical Co. "-229). 
7 Matheson, Coleman and Bell (HX-80). 
I Matheson. Coleman and Bell (NX-705). 

quality; methanol, anhydrous, analytical reagent gradem; and 

A spcctrophotofluorometer1* with the following instrumental 
parameters was used to measure fluorescence. Slit arrangement for 
both excitation and fluorescence was the No. 3 position, the light 
path was adjusted with a No. 3 spacer, and sensitivity was No. 8. 
For dantrolene and Metabolite A measurements, the excitation 
wavelength was 395 nm. and the fluorescence wavelength was 530 
nm. For acetylated dantrolene measurements, the excitation wave 
length was 365 nm. and the fluorescence wavelength was 405 nm. 

Standard SdntiOabFifty milligrams of crystalline dantrolene 
or Metabolite A is dissolved in 50 ml. of N,N-dimethylfonnamide. 
Ten milliliters of this solution is placed in a 100-ml. volumetric 
flask, 40 ml. of N,N-dimethylfonnamide is added, and the solution 
is diluted to volume with water to obtain a drug concentration of 
100 mcg./ml. This solution is then diluted with water to obtain the 
required drug concentrations. Fifty milligrams of crystalline acety- 
lated dantrolene is dissolved in 50 ml. of N,N-dimethylformamide 
to obtain a lOOO-mcg./ml. solution. This solution is then diluted 
with water to obtain the required drug concentrations. 

Analysls of DMweae in Flusma, Blood, and Urlne--To 0.5 ml. 
of biological fluid, add 2.0 ml. of water and then 2.0 ml. of a satu- 
rated ammonium sulfate solution and mix thoroughly. Mix the solu- 
tion with 5.0 ml. of a hexanol-heptane admixture (4:l) by shaking 
the tube vigorously for 1 min. and then centrifuging the sample at 
2OOO r.p.m. for 10 min. Transfer 4.5 ml. of the hexanol-heptane 
extract (top layer) to a test tube and add 2.5 ml. of 0.2 N sodium 
hydroxide. Shake the tube for 2 min. and centrifuge at 2OOO r.p.m. 
for 10 min. Remove 2.0 ml. of the sodium hydroxide extract (bottom 
layer) and place on a hydrated Sephadex G-10 column (0.6 cm. 
wide X 3.5 cm. long). The column is prepared with previously 
hydrated Sephadex. After the extract passea through the Sephadex, 
wash the column with 4.0 ml. of 0.2 N sodium hydroxide and die 
card the eluate. Dantrolene is eluted with 4.0 ml. of a 5z N,N-di- 
methylformamide water solution. Addition of 1.0 ml. of 0.3 N 
hydrochloric acid to  the N, N-dimethylfonnamide eluate adjusts 
the pH to 1-2. Mix the solution with 4.0 ml. of a nitropropam- 
heptane admixture (1 : 1) by shaking the tube vigorously for 1 min. 
and centrifuging at  2OOO r.p.m. for 10 min. 

Then remove a 3.0-ml. aliquot of the nitropropane-heptane 
extract (top layer) for fluorometric measurement. Set the spectre 
photofluorometer at 30 fluorescence units with a 4-mcg. aqueous 
dantrolene standard subjected to  the analytical procedure. The fluo- 
rescence of the solvent extracts from the biological specimens are 
then measured, and the amount of dantrolene is calculated from 
aqueous dantrolene standards. When the fluorescence obtained with 
dantrolene exceeds 30 fluorescmce units, quenching occ1vs. Under 
these conditions the solvent extract is diluted with additional nitro- 
propane-heptane (1:l) containing 2.7% hexanol until a value of 
30 fluorescence units or less is obtained. 

JWnmtion of Metabdlte A in phsmp, Blood, and U~IIW-TO 
0.5 ml. of biological fluid, add 2.0 ml. of water and then 2.0 ml. of 
a saturated ammonium sulfate solution and mix thoroughly. Mix 
the solution with 5.0 ml. of a hexanol-heptane admixture (4:l) by 
shaking the tube vigorously for 1 min. and then centrifuging the 
sample at 2OOO r.p.m. for 10 min. Transfer 4.5 ml. of the solvent 
extract (top layer) to a test tube and add 2.5 ml. of 0.2 N sodium hy- 
droxide. Shake the tube vigorously for 2 min. and centrifuge at 
2OOO r.p.m. for 10 min. Remove 2.0 ml. of the sodium hydroxide 
extract and transfer to a test tube. Addition of 3.0 ml. of 0.3 N 
hydrochloric acid adjusts the pH to 1-2. Mix the solution with 4.0 

Sephadex G-10". 

* Matheson Coleman and Bell (EX-245). 
10 Mallinck&dt Chemical Worka (3016). 
11 Pharmafia Fine Chemicals. 
I* Baird Atomic Fluonspec. model SP-1. 
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Table I-Recovery of Dantrolene from Biological Fluids 
~ ~ 

Fluorescence Units0 Percent 
Dantrolene, mcg. 1 Recove@. 

Fluid Control 0.05 0.10 0.50 1 .o 2.0 4.0 Mean f SD 

Water 0.2 0.3 0.7 3.4 7.4 14.8 29.8 ' - 
Don blood 0.2 0.3 0.7 3.4 7.3 14.8 29.8 99.1 i 0.6 
hi P+ma 
Dog unne 
Human blood 

~ .. -. . . ._ - _. .- . - . . - - . - 
0.2 0.3 0:7 3.3 7.2 14.5 30.2 98.8 f 1.7 
0.2 0 . 3  0.7 3 . 5  6.7 15.4 29.8 99.5 f 4.7 
0 .2  0 . 3  0.7 3.4 7.1 14.4 29.8 98.8 f 1.8  

Human plasma 0.2 0.3 0 . 6  3.4 6.9 14.4 29.8 96.0 f 5.6 
Human urine 0.2 0.3 0.6 3.3 6.7 14.4 29.8 95.1 f 5 . 7  

~ ~ ~~~~~~~ ~ ~ _ _ _ ~ ~  ~ ~~ 

Control-corrected data based on a mean from at least three samples. b Bascd on aqueous dantrolene standards. 

ml. of a nitropropane-heptane admixture (1 : 1) by shaking the tube 
vigorously for 1 min. and then centrifuging at 2OOO r.p.m. for 10 
min. 

Then remove a 3.0ml. aliquot of the nitropropane-heptane ex- 
tract (top layer) for fluorometric measurement. The spectrophoto- 
fluorometer is set at 30 fluorescence units using a 4mcg. aqueous 
dantrolene standard subjected to the analytical procedure. The fluo- 
reScences of the solvent extracts from the biological samples are 
then measured. If a fluorescence greater than 30 units is encoun- 
tered, quenching occurs. Then the solvent extract is diluted with ni- 
tropropane-heptane (1 : l )  containing 2.7% hexanol until 30 fluores- 
cence units or less is obtained. 
To obtain an estimate of Metabolite A in biological fluids, 

aliquots of each sample must be analyzed by this procedure and by 
the procedure described for dantrolene. The amount of fluorescence 
attributed to Metabolite A is based on the difference in fluorescence 
units found between the two methods. The estimated amount of 
Metabolite A present is calculated from aqueous Metabolite A 
standards. 

Analysis of Dantrolene in Bile, Tisrrwe, and FeeegThe dantro- 
lene method was slightly modified since large amounts of dantrolene 
and drug-related metabolites were anticipated in bile, tissues, 
and feces. Homogenize 0.5 g. of tissue or feces in 2.0 ml. of a satu- 
rated ammonium sulfate solution in a Potter-Elvehjem glass homo- 
genizerl'. Add 1.0 ml. of water to the homogenate, mix, and trans- 
fer the homogenate to a test tube. Then rinse the homogenizer tube 
and pestle with 3.5 ml. of water which is added to the homogenate. 
Bile samples are processed by mixing 0.25 ml. of bile with 2.0 ml. 
of a saturated ammonium sulfate solution and then adding 4.5 mL 
of distilled water. 

Mix the homogenate or bile solution with 10.0 ml. of a hexanol- 
heptane admixture (4 : 1)  by shaking the tube vigorously for 1 min. 
and then centrifuging at 2000 r.p.m. for 10 min. Remove 9 ml. of 
the solvent extract (top layer) and place in a test tube. Add 5 ml. of 
0.2 N sodium hydroxide, shake the tube vigorously for 2 min., and 
centrifuge at 2OOO r.p.m. for 10 min. Remove 4.0 ml. of the sodium 
hydroxide extract (bottom layer) and place on a hydrated Sephadex 
(3-10 column (0.8 cm. wide X 9.0 cm. long), prepared as described 
earlier. After the extract passes through the Sephadex, wash the 
column with succeeding 0.2 N sodium hydroxide aliquots of 2.0, 
5.0, and 4.0 ml. Then wash the column with 5.0 ml. of a 20% 
methanol-water solution and discard the eluate. Dantrolene is 
eluted from the column with 8.0 ml. of a 10% N,N-dimethylform- 
amide-water solution. Addition of 2.0 ml. of 0.3 N hydrochloric 
acid to the N,N-dimethylformamide eluate adjusts the pH to 1-2. 
Mix the solution with 4.0 ml. of a nitropropane-heptane admixture 
(1 : 1) by shaking the tube vigorously for 1 min. and centrifuging at 
2000 r.p.m. for 10 min. 

Then remove 3 ml. of the nitropropane-heptane extract (top 
layer) for fluorometric measurement. Fluoromtric measurement 
is handled exactly as described previously for dantrolene, with the 
exception that necessary dilutions to avoid quenching are made with 
nitropropane-heptane ( I  : 1) containing 4.3% hexanol. 

Analysis of Acetylated Dantrdene In Plnsma, Blood, and Urlne- 
Acetylated dantrolene is determined in biological fluids by slightly 
modifying the procedure used to determine dantrolene in tissues. 
Samples are processed by mixing 0.5 ml. of biological fluid with 
2.0 ml. of a saturated ammonium sulfate solution and then with 4.5 

l a  Kontes, size c, K-88550. 
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ml. of distilled water. The dantrolene tissue procedure is then fol- 
lowed as described through the step involving acidification of the 
NJV-dimethylformamide eluate. 

The acidified NJV-dimethylformamide eluate from the Sephadex 
column is mixed with 3.5 ml. of an ethyl acetate-nitropropane 
admixture (9: 1 )  by shaking the tube vigorously for 1 min. and cen- 
trifuging at 2OOO r.p.m. for 10 min. A 2.5ml. aliquot of the ethyl 
acetate-nitropropane extract (top layer) is then removed for fluoro- 
metric measurement. The spectrophotofluorometu is set at 3 fluores- 
cence units with a 3-mcg. aqueous acetylated dantrolene standard 
subjected to the analytical procedure. The fluorescenos of the sol- 
vent extracts from biological samples are. then measured, and the 
amount of acetylated dantrolene is calculated from aqueous acety- 
lated dantrolene standards. When the fluorescence obtained with 
acetylated dantrolene exceeds 3 fluorescence units, quenching 
occurs. Under such conditions the solvent extract is diluted with 
ethyl acetate-nitropropane (9: 1) until a value of 3 fluorescence units 
or less is obtained. 

RESULTS 

Analysis of Danbolene-When subjected to  the procedure, 
dantrolene standards in water, biological fluids, and tissues exhibit 
linear standard curves from 0.1 to  4.0 mcg. The recoveries of added 
dantrolene from dog and human biological fluids (plasma, blood, 
and urine) are presented in Table I. Average recoveries of added 
dantrolene from rat and monkey biological fluids (plasma, blood, 
and urine) were 100.9% f 4.3 SD and 99.8% f 0.4 SD, respec- 
tively, over a range of 0.1-4.0 mcg. The recoveries of added dantro- 
lene from dog bile and selected tissues are presented in Table 11. An 
average recovery of added dantroleme from selected monkey tissues 
of 97. lz  * 5.5 SD was obtained over a range of 0.1-4.0 mcg. 
When 4.0 mcg. of dantrolene was added to dog feces, a recovery of 
100.2% f 2.8 SD was obtained. Agreement between the aqueous 
and reference (fluids, tissues. and feces) dantrolene standards makes 
it unnecessary to analw reference dantrolene standards with each 
set of biological samples. 

As shown by the results in Table I, the low& dantrolene level 
detectable in biological fluids with accuracy is 0.1 mcg./ml., using 
a 0.5-ml. specimen. However, recent investigation revealed that a 

Table II-Recovery of Dantrolene from Dog Bile and Tissues 

Fluid 
or 

Tissue 

Water 
Bile 
LiVW 
Kidney 
Lung 
Muscle 
Heart 
Spleen 
Fat 
Brain 

-Fluorescence Unitso- 
-Dantrolene, mcg.--- Percent 
Con- RecoverP, 
trol 0.1 1.0 4.0 Mean* SD 

0 . 2  0.7 6.6 29.6 - 
0 . 3  0.7 6.3 29.4 98.0 f 2.6 
0 . 2  0.7 6.7 29.4 100.5 f 1.7 
0.2 0.6 6.6 28.8 97.5 f 4.7 
0 . 2  0.7 6.7 29.8 100.9 f 1.2 
0 .2  0 .6  6 .2  29.4 93.2 f 6.2 
0 . 2  0.6 6.7 5.1 
0 . 2  0.7 6.5 f 1 . 1  
0 .2  0 .6  6.5 29.1 95.9 f 5.9 
0 . 2  0.6 6.3 28.8 94.7 f 5 . 3  

3 . 7  

-_ . . 
29.4 98.7 f- 1 
29.4 99.7 

Mean 98.0rt 

0 Control-corrected data based on a mean from at least three samples. 
b Based on aqueous dantrolene standards. 



Table III-Fluorescence of Dantrokne and Related Metabolites 

Compounda structure Fluorescence Unitsb 

Dantrolene 

Amino-dantrdene 

Acetylated dantrolene 

Metabolite A 

74.8 

2.4 

NDc 

2.3 

a Each compound (10 mcg.) was subjected to the method specific for dantrolene. b Control-corrected fluorescence units. c ND - none detect- 
able. d Reference 5. 

Table IV-Recovery of Dantrolene or Metabolite A from Biological Fluids 

c Fluorescence Units. 
Dantrolene, &g. T Percent -Fluorescence Unitso- Percent 

Con- Recoverp, --Metabolite A, mg.- Recoveryb, 
Fluid trol 0.05 0.10 0.50 1.0 2.0 4.0 M e a n f S D  0.10 0.50 1.0 4.0 M e a n f S D  

Water 0.2 0.3 0.7 3 . 5  7.4 14.8 29.8 - 0.4 2.1 4.4 19.8 - 
Dogblood 0.2 0.3 0.6 3.4 7.1 15 .1  29.7 9 6 . 6 f 5 . 6  0.4 2.2 4.3 19.8 100.73=3.0 
Dogplasma 0.2 0.3 0.7 3.6 7.2 15.5 30 .5  101.1 f 2.8 0.4 2.1 4.3 19.8 99.5f 1.0 
Dog urine 0.3 0.3 0.7 3.4 6.8 15.0 29.7 98.1 f 3 . 3  0 .4  2.2 4.2 20.7 1 0 1 . 0 f 4 . 5  
Humanblood 0.2 0.3 0.7 3.4 7.4 15 .1  29.8 9 9 . 8 f  1.6 0.4 2 .0  3.9 19.8 9 5 . 7 f 5 . 7  
Humanplasma0.2 0.3 0.7 3.4 7.0 14.7 29.8 9 8 . 3 f 2 . 4  0.4 2.2 3.9 20.8 9 9 . 5 k 8 . 0  
Humanurine 0.2 0.3 0.6 3 . 3  7.0 14.7 29.1 9 5 . 0 f 5 . 0  0.4 2.2 4 .2  19.8 100.0*4.1 

0 Control-corrected data based on a mean from at least three samples. b Based on aqueou dantrolene or Metabolite A standards. 

concentration as low as 0.02 mcg./ml, is also detectable. Method 
sensitivity for dantrolene is 0.2 mcg./g. in tissues (0.5s. specimen) 
and 0.4 mcg./ml. in bile (0.25-ml. specimen). 

Methad Spedfldty-The specificity of the method for the deter- 
mination of dantrolene is based on a combination of solvent ex- 
tractions, chromatography, and the fluorescence characteristics 
of dantrolene in the nitropropane-heptane admixture (1 : 1). As 
shown by the results in Table 111, appreciable fluorescence is not 
obtained when known dantrolene-related metabolites are subjected 
to the method specific for the determination of dantrolene. 

Analysie of Metabolite A-The dantrolene metabolite A is esti- 
mated in biological fluids by using a combination of the method 
specific for dantrolene and a method capable of measuring both dan- 
trolene and Metabolite A simultaneously. Subjection of either dan- 
trokne or Metabolite A standards in water, plasma, blood, and urine 
to this procedure yields linear curves for both dantrolene and Me- 
tabolite A from 0.1 to  4.0 mcg. Recoveries of either added dantrolene 
or Metabolite A from biological fluids as determined by this pro- 
cedure are presented in Table IV. The procedure has a sensitivity of 
0.2 mcg./ml. (0.5-ml. specimen) for Metabolite A. 

Analysis of Acetylated Dpn-The acetylated dantrolene 
metabolite is determined in biological fluids by slightly modifying 

Table V-Recovery of Acetylated Dantrolene from 
Biological Fluids 

-Fluorescence Unitso- 
YAcetylated Dantrolene, mg.- Percent 
Con- Recovery", 

Fluid trol 0 .2  0.5 1.0 3.0 Mean* SD 

Water 0.4 0.2 0.5 0.8 2.6 - 
Humanblood 0 . 5  0 . 2  0 . 5  0.8 2.6 100.0*0.0 
Humanplasma 0.4 0 .2  0.5 0.8 2.6 103.0% 6.0 
Humanurine 0.4 0.2 0 . 5  0.8 2.6 100.0%0.0 

~~~ ~ 

a Control-corrected data based on a mean from at least three samples. * Based on aqueous acetylated dantrolene standards. 

the method specific for the determination of dantrolene in tissues. 
When acetylated dantrolene standards in water, plasma, blood, and 
urine are subjected to this modified method, linear curves are ob- 
tained from 0.2 to  3.0 mcg. Recoveries of added acetylated dan- 
trolene from biological fluids as determined by this method are 
shown in Table V. Method sensitivity is 0.4 mcg./ml. for a 0.5- 
ml. specimen. Neither dantrolene nor the dantrolene-related me- 
tabolites, amino-dantrolene and Metabolite A, interfere in the analy- 
sis of acetylated dantrolene by this procedure. 

DISCUSSION 

The described method is sensitive and specific for the determina- 
tion of dantrolene in biological fluids and tissues. Essentially, the 
procedure consists of the extraction of dantrolene and two major 
dantrolene-related metabolites, Metabolite A and acetylated dan- 
trolene, from biological specimens into a solvent admixture and 
then into a dilute alkaline solution. Metabolite A is then separated 
and removed from dantrolene and acetylated dantrolene by column 
chromatography. After both dantrolene and acetylated dantrolene 
are eluted, dantrolene is extracted into a solvent admixture and 
measured fluorometrically. 

Apparently, blood dantrokne concentrations are related to the 
resultant skeletal muscle relaxation observed in man after oral ad- 
ministration of dantrolene sodium (6). Since dantrolene-related 
metabolites also are present in the blood under these conditions (S), 
a method specific for dantrolene is required to  evaluate accurately 
the drug-induced pharmacological effect in relation to the concur- 
rent blood dantrolene concentration. This method specificity is also 
necessary for investigating urinary dantrolene excretion since greater 
amounts of both Metabolite A and acetylated dantrolene than of 
dantrolene are found in human urine after oral administration of 
dantrolene sodium (5 ) .  
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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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