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SUMMARY 

Dilute trithroroaeetic acid (‘TFA) was observed to enhance partition of opioid 
peptides into butanol during the course of aqueous-organic phase extractions aimed 
at further purification of pituitary endorphins found in commercial ACTH prepa- 
rations. Since TFA is volatile and easily removed by lyophilization, it was decided to 
study TFA as a. counter ion for ion-pair partition reversed-phase liquid chromato- 
graphy- 

It was found, that in addition to ion-pair formation, TFA appeared to decrease 
non-specific adsorption of opiates and opioid peptides to column matrices.. 

Elution time of. opiates and opioid peptides was decreased without loss of 
resolution when TFA was employed. Peak sharpening and elimination of tailiug was 
observed for several compounds eluted with solvent systems containing TFA. 

INTRODUCIION 

The development of various types of reversed-phase column packings has 
extended the applkation of high-performance liquid chromatography (HPLC) to a 
number of compounds of biological interest. Reversediphase liquid chromatographic 
(LC) separations of opiates and opioid peptides have been reported by several 
laboratories13 . - 

In general, these compounds exist as cations under the conditions~that have 
most widely been employed in LC. Therefore, partition of these compounds into the 
non-polar stationary phase may be more effective by suppressing the charge, or by 
ion-pairing with a- suitable -counter ion 4. The alkaline conditions required for ion 
suppression are generally detrimental to the integrity of silk-gel hased packing 
materials, and thus ion-pairing appears to be the method of choke. Ion-pair partition 
systems have many desirable properties: high selectivity, stability and, in the presence 
of a sutkient excess of counter ion, independence of concentrations. Commercial 
ion-pairing reagents are available, but-have the major disadvantage that their removal 
from both .the sample and column after chromatography is often extremely difficult. 

. The efkctof dilute tritluoroacetie acid (TFA) in enhancing the partition of 
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opioid peptides (endorpbins) into an organic solvent was observed in this laboratory 
during efforts to further purify pituitary endorphins present in commercial ACTH 
preparatior&. Since TFA is quite volatile and readily removed by lyophilimtion, it 
was decided to explore the use of TFA as a counter ion for ion-pair partition reversed- 
phase LC for separations of opiates and endorpbins. 

MATERIALS 

Solvents for LC included glass-distilled acetonitrile (Burdick &Jackson Labs., 
hfuskegon, Mich., U.S.A.), HPLC grade methanol (Burdick &Jackson Labs.; Fisher 
Scientific, Fair Lawn, N-J., U.S.A.), 88% reagent grade formic acid (J_ T. Baker, 
Phillipsburg, N-J., U.S.A.) and 99 % reagent grade TFA (Aldrich, Milwaukee, Wise., 
U.S.A.). Water used to prepare samples and solvents for HPLC was glass-distilled, 
then treated with activated charcoal (norit A) and filtered through a 0.45pm Millipore 
mixed cellulose acetate and nitrate membrane fiber. All aqueous solvents were also 
refiltered just prior to use. 

Spectrophotometric grade n-butanol was obtained from J. T. Baker, Acthar 
(corticotropin for injection) 40 U.S.P. units per vial from Armour Pharmaceutical 
(Phoenix, Ariz., U.S.A.) and synthetic camel &endorphin from Pierce (Rockford, 
Ill., U.S.A.). 

2,9-/3-DimethylZ-hydroxy-6,7-bcnzomorphan HBr (DMHBM) and 2,9-&di- 
methyl-6,7henzomorphan HCl (DMBM) were gifts from the National Institutes of 
Health. .N-Allylnormetazocine (SKF 10047), ketocyclozocine (KC), and ethylketo- 
cyclazocine (EKC) were gifts from Dr. W_ Martin, Addiction Research Center 
(Lexi@on, KY., U.S.A.). A solution of the five benzomorphans was made up in water 
to fIna concentrations 4-10-j M DMHBM, 6- 10sJ M DMBM, 8.6. 10m5 M SKF 
10047 and 2- lo-’ M KC and EKC. l-Methadone HCl was obtained from Eli Lilly 
(Indianapolis, Ind., U.S.A.) and made up to a 10 mM aqueous solution_ 

METHODS 

HPLC was performed with a Waters Assoc. system consisting of two Model 
6OUOA .solvent delivery pumps, a U6K universal injector, a Model 660 solvent pro- 
grammer and a Model 440 absorbance detector at 254 run. Either a 4 mm x 30 cm 
C& or alkylphenyl reversed-phase pBondapak column (Waters Assoc., Milford, Mass., 
U.S.A.) was used, as noted in specific experiments. The aqueous phase of the LC 
solvent system was pumped through one pump and the organic phase through the 
second pump, with the final solvent composition controlled by the solvent program- 
mer. 

Opioid activity was assayed using the guinea pig ileum-myenteric 
preparation’. 

EXPERIMENTAL 

plexus 

One vial of Armour Act&r (40 U.S.P. units of ACTH containing 14 mg 
hydrolyzed gelatin) was dissolved in 0.5 ml of gl.assdistilled water. Aliquots of 25 
pl of this solution were added to 1 ml each of 0.1 M acetic acid, 0.1 M formic acid, 
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0.1 M b&-KC1 @EL 7.4), or 1% TFA. AU aqueous phases had been previously 
equilibrated with n-butauol. A l-ml volume of n-butanol was then added to each 
of the aqueous phases and all phases mixed by vortexing for 1 min. 

After separation by low speed centrifugatiou, 0.5 ml of each phase was lyophil- 
ized, then taken up in a small volume of 0.01 MHCl and assayed for opioid activity 
in the guinea pig ileum preparation. Percent recover&s were determined ‘by com- 
parison with dose response curves obtained for each ileum strip using the original 
Armour ACTH preparation, which contains endorphin as a contaminant. 

Samples of Qnthetic fi-endorphin were chromatographed on a Waters Assoc. 
reversed-phase ~Bondapak C,, column. A sample of 2.5 nmoles of @endorphm was 
eluted with 5 mM TFA, pH 2.5, using a linear gradient from 30 to 50% acetouitrile, 
with all effluent fractions being collected. The column was then washed with 10 to 
15 column volumes of 30% acetonitrile in 10 mM formic acid, pH 2.8. A second 
2.5~nmole sample was applied and eluted using a linear gradient from 30 to 70% 
acetonitrile in 10 mM formic acid, and the effluent fractions collected. All fractions 
collected were assayed on the guinea pig ileum preparation to determine recovery of 
opioid activity. 

LC separation of the mixture of five benzomorphaus was carried out using a 
Waters Assoc. reversed-phase alkylphenyl PBondapak column. A IO-$ volume of 
the benzomorphan solution was eluted isocratically using a 50 % methanol in 10 mM 
formic acid solvent system at a flow-rate of 1 ml/min. The column was then re-equil- 
ibrated with 50% methanol in 5 mM TFA, and a second LO-~1 sample of the benzo- 
morphan solution was injected and eluted isocratically. 

This experimental procedure was repeated for a 4-~1 sample of 10 mM l- 
methadone HCI, except that the methanol concentration was increased to 60% in 
either 10 mM formic acid or 5 mM TFA. 

RESULTS AND DISCUSSION 

The opioid peptides present in commercial ACTH preparations, having 
apparent molecular weights from 1700 to 3300 daltons, partition very poorly into 
n-butanol from acidic or neutral solutions (Table I)_ Addition of 1% TFA resulted 
in 50% recovery of the opioid activity in the n-butanol phase after one extraction, 
and 90% of the total activity was recovered in butanol after three extractions. Some 
--. 

TABLE I 

PAR.TJTION OF PITUITARY ENDORPHINS INTO n-BUTANOL FROM VARIOUS 
AQUEOUS PHASES 

Aqueous phase Initial activity 
in aqueous phase (%) l 

Initial activity 
in butanol phase (“/ol * 

0.1 M Acetic acid 96 0 
0-L MFormic acid 90 0 
0.1 d tris-HCl pH 7.4 90 0 
l%TFA 43 50 

* Percent recoveries were determined by guinea pig ileum bioassay as reported in the text. 
/&iv&y recovered from each phase was compared with dose response curves determkd for each 
ilellm strip from the original material. 
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partitioning into butanol dccurred under more alkaline cotiditions (1% NE&OH- 
pyridine-butanol, 1 I :3 :5), but opioid activity was found to be’ unstable in this pH 
range, and recovery was poor. The results obtained. froin aqueous .phase-butanol 
extractions indicate that the enhanced lipophilicity of endorphins in-the presence of 
TFA is the result of ion-pair partition, and .not simply due to the acidic conditions, 
since no partitioning is seen to occur from 100 mM acetic or formic acid< 

LC elution patterns of jkndorphin from a reversed-phase .C,, column are 
shown in Fig. 1. A symmetrical peak of UV-absorbing material duting at 6 min during 
the acetonitriIe-5 mM TFA gradient was associated with opioid activity (Fig. la). 
Recoyeries of applied opioid activity as demonstrated by guinea pig ileum bioassay 
were 79 and 100 oA in two experiments. No UV-absorbing peak or opioid activity was 
observed: when fi-endorphin was eluted with an acetonitrile-10 mh5 formic acid 
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Fig. 1. (a) Elution of /kadorpbin with acctonitrik-TFA. A 25&volume of lOba M&endorpbin was 
appliedto a reversed-phase C,, column and eluted with a lO-min linear gradient from 30 to 50% ag- 
to&rile in 5 mM TFA at 25” with a flow-rate of 2 mljmin (approximately 1200 p.s.i.). Absorbance 
d& to&e solvent blank has been subtracted from the cbromatogram, and t&c gradient is indicated 
by a dashed line. (b) Elution of &endorpbin with acetonitri!e-formic acid A 25~1 voIume of 10m4 M 
@endorpbin was appIied to a reversed-phase Cm coIumn and eluted with a lS-min linear gradient 
from 30 to 70% acztonitrik in 10 mMformic acid at 25” with a flow-rate of 2 ml/min (approximateiy 
f200 p.s.i.). Absorbance due to the solvent blank has been subtracted from the.cbromatogram, and 
the gradient f indicated by a dashed line. 
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gradient (Fig. lb). However, a 2-ml wash of 70 % acetonitrile in 4 mM TFA injected 
at the end of the acetonitrile-formic acid gradient eluted 73 % of the applied opioid 
activity (data not shown). 

If lO-fold larger amounts of #&endorphin are injected, some opioid activity 
(30-60 “/,) is eluted at 6 min with the acetonitrile-formic acid gradient, but the activity 
peak tends to trail badly (data not shown). 

The data suggest that loss of #?endorpbin on the C,, column is due to non- 
specific adsorption to sites on the silica gel. The interaction between @ndorphin and 
these column adsorption sites is eliminated in the presence of TFA, resulting in 
improved resolution with sharper and more symmetrical peaks. In. general, the 
addition of an ion-pairing reagent will increase the retention times of samples with 
which it pairs in an IIPLC system in which all other parameters remain.constant*. 
However, the retention of #&endorphin on a reversed-phase Cis column is greatly 
decreased when eluted with an acetonitriie-TFA solvent system instead of an aceto- 
n&rile-formic acid solvent system. This is probably due to decrease in adsorption of 
@endorphin to the column matrix following ion-pairing with TFA. 

The success of TFA in improving the resolution of complex mixtures cf basic 
peptides separated by HPLC suggested its use in HPLC separation of cpiate drugs, 
which also contain a positive charge at pH 7 or less. Separations of a solution con- 
taining a mixture of five benzomorphans were carried out isocratically in a solvent 
system of 50 % methanol in 10 mM formic acid and in 50 % methanol in 5 mM TFA 
(Fig. 2). 

The capacity factor, k', of a peak eluted by HPLC is defined as 

K - vo k'= v 
0 

where V, is the elution volume of the eiuted peak, and V,, is the void volme of the 
column (the volume in which a peak would elute if it were compIetely unretained by 
the column). The selectivity of separation factor, a, is the relative retention of one 
substance compared to the substance eluting just before it, and can be expressed as 

V, - V,, k; 

.a: = vey _ v. or-$- 
1 ‘1 

(2) 

When eluted with 50 % methanol in 10 mM formic acid, all five drugs were 
extremely well resolved. With this system the alkylphenyl column displayed a high 
capacity for the five solutes, with k' values ranging from 3.78 to 12.75 (Table II). 
When 50% methanol in 5 mM TFA is substituted for methanol in formic acid, the. 
selectivity or relative retention for each pair of peaks remains about .the same, but the 
capacity of the column is greatly reduced (Table II). Capacity factors range from 1.17 
to 4.17 with the methanol TFA solvent system’(Table II). The most striking difference 
between the two solvent systems was observed in the efficiency of the alkylphenyl 
column. The number of theoretical plates, N, which is a measure of column efficiency, 
is practi&lly defined as 

(3) 
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Fig_ 2. (a) Separation of S-benzomorphan mixture using methanol-formic acid. A IO-~1 volume of a 
sample containing 4 * lo-* M dimethylhydroxyhenzomorphan (l), 8.6 - 10ds M N-allylnormetazo- 
tine (2), 6 - lo-* M dimetbylbenzomorphan (3), 2 - lo-’ M ketocyclazocine (4) and etbylketocycla- 
zocine (5) was eluted isocratically from a reversed-phase alkylphenyl colurrm with 50% methanol in 
10 mMformic acid at 25” with a flow-rate of 1 ml/min (approximately 500 p.s.i.). (b) Separation of a 
S-benzomorphan mixture using methanol-WA. A IO-~1 volume of the same S-benzomorphan mixture 
used in (a) was eluted isocratically from iin reversed-phase alkylphenyl column with 50% methanol in 
5 mA4 TFA it 25” with a flow-rate of 1 ml/min (approximately 500 p.s.i.). 1 = Dimethylhydroxyhen- 
zomorphan, 2 = N-allylnormetazocine, 3 = dimethylbenzomorphan, 4 = ketocyclazocine and 5 = 
ethylketocyclazocine. 

where V,, as previously defined, is the elution volume of a test sample and W, is the 
width of the peak, in voiume units, defined as the distance between the points at 
which tangents drawn to the inflection points of the two sides of the peak, intersect the 
baseline. The height equivalent to a theoretical plate, HEW, is simply the column 
length in millimeters divided by iV. The number of theoreti&I plates for .the alkyl- 
phenyl column for each solv&t system wqs arbitrariIy caIcu!ated from measurkmen& 
of the fir& peak eluted. The number of theoretical plates calculated for the methanol- 
formic acid solvent system was 2415 (HETP = 0.12 mm). When methanol-TFA is 
used, this value was reduced by half to 1220 (HEW = 0.24 mm). 

The separation factors for each pair of drugs did not change tih& for&c acid 
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TABLE11 : 

CALCULATED k’ AND a: VALUES FOR SEPARA’DON OF BENZOMORPHANS USING 
BOTH.SO% METHANOL M 10 m&f FORMIC ACID AND 50% METHANOL lN 5 mM 
TFA SOLVENT SYSTEMS’. 

. 

Dryg K K 
Metrlano~ in Me&and in LMIancd in ILduuw* in 
HCOOEr TFA HCOOH TFA 

Dimetbylbydroxybenzomorpban 3.78 1.17 
1.59 1.67 

N-Allylnormetazocine 6.00 1.94 
1.21 1.23 

Dimetbylbenzomorpban 7.28 2.38 
1.30 1.29 

JSetocycIazocine 9.47 3.08 
1.35 1.35 

Etbylketocyclazocine 12.75 4.17 

* The terms k’ and 0: are de&red under Results and discussion. 

was replaced by TFA. This observation together with the decrease in both efficiency 
and capacity of the alkylphenyl coIumn, indicates that TFA acts by some mechanism 
to decrease interactions of the solutes with the stationary phase of the column. For 

this mixture of benzomorphans, 50% methanol in 10 mM formic acid actually 
provides better separation of the drug mixture. 

A slightly different case is seen when the two solvent systems are compared for 
the elution of l-methadone HC.1. Elution of methadone with 60 % methanol in 10 mM 
formic acid produces an unsymmetrical peak with a large amount of tailing (Fig. 3a). 
The capacity factor is 9.17, resulting from a fairly long retention. The calculated 

1 I I I I I 1 I I I I I 
0 4 8 12 16 20 24 0 4 8 12 16 
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Fig. 3. (a) Eiution of l-methadone with methanol-formic acid_ A 6~1 volume of 10 &_ l-metba- 
done HCl’was’ eluted isocraticslly from a reversed-phase alkylpbenyl column with 60% methanol 
in 10 miW formic acid at 25” with a flow-rate of 2 ml/nun (approximately loo0 p.s.i.). (b) El&on of 
l-methadone with methanol-TFA. A 4~1 volume of 10 noM l-methadone HCI was eluted isoerati- 
eally from a reversed-phase alkylpbenyl column with 60% methanol in 5 mM TFA at 2S” with a flow- 
rate of 2 ml/mm (approximately looO-p.s.i.). 
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number of theoretical plates for this system is only 88 (HETP = 3.41 mm) due to the 
extreme peak broadening. When formic acid is replaced with 5 mM TFA, a dramatic 
sharpening of the methadone peak is obtained (Fig. 3b):As-with the benzomorphans, 
the retention is greatly decreased, producing a capacity factor of 3.83. However, the 
calculated number of theoretical plates is increased by almost ifold to 410 (HETP = 
0.73 mm). Here again, TFA appears to decrease interaction between methadone and 
nqn-specific adsorptive sites on the matrix of the stationary phase. The increase in 
columnefficiency in the presence of TFA results from peak sharpening and elimination 
of tailing. 

CONCLUSIONS 

TFA was observed to act as an ion-pairing agent in the butanol extraction of 
pituitary endorphins, which led to its study as a potentially useful counter ion for 
non-destructive ion-pair partition reversed-phase LC, since it can readily be removed 
from chromatographed samples by evaporation or lyophilization. The work presented 
here indicates that ion-pair formation of opiates and opioid peptides with TFA pro- 
duces a decrease in their interactions with reversed-phase Crs or alkylphenyl columns, 
and this’is postulated to be due primarily to elimination of adsorption of the com- 
pounds to column matrices. 

Therefore, TFA is a potentially useful reagent for HPLC, in that it decreases 
elution time without any loss of resolution, as opposed to increasing organic solvent 
concentration to decrease elution time. It may also improve sensitivity and resolution 
for many compounds which are adsorbed to silica, through peak sharpening and 
elimination of tailing. 
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