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ABSTRACT

High pressure liquid chromatographic (HPLC) methods
are described for the quantitative determination of
polypeptides in pharmaceutical dosage forms or in
synthetic and natural products.

Owing to the addition of an electrolyte for the
inactivation of the residual silanol groups prescnt on
the modified silica surface, hydrophobic stationary
phases were found which proved to be very suitable for
the analyses of polypcptides.

Excellent results were obtained with tetramethyl-
ammonium containing buffer systems at pH 3 in a gradient
of water-methanol. Thus the polypeptides arginine-,
lysine vasopressin, oxytocin, ACTH (1-24), ACTH,
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g-endorphin, glucagon and porcine- and bovine insuliln
could be determined with coefficients of variation
below 2%,

INTRODUCTLON

In the past few years high pressurc liquid chro-
matography (HPLC) has beccome incrcasingly importunt in
the characterization of pharmaccutical substances.
Especially the introduction of chemicully bonded re-
versed phasce materials has led to a tremendous increase
in the applicability of this technique for the
scparation of amino acids and polypeptides.

The purity of polypeptides and the formation of by-
products can be determined by difterent analytical
techniques, like electrophoresis, isotachophoresis, ion
exchange-, gel filtration- or thin layer chromato-
gruphy(]) and recently by HPLC(Z).

The purpose ot this study was to develop a uniform
IPLC-method for the characterization of thec poly-
peptides arginine-, lysine vasopressin, oxytocin, ACTH
(1-24), ACTH, B—epdorphin(4), glucugon(s), bovine and
porcine insulin(s), their by- and degradation
products.

The use of chemically bonded phases on a silicagel
matrix in high pressure liquid chromatography is well
known for the characterization of pharmaceutical
product:(z’ﬁ). The most widely used types are the re-
versed phase materials. A disadvantage of thesc
materials, however, is their instability against higher
(> 7.5) and lower (< 2) pH-values. A considcrable de-
compasition can be ohserved for bulfers of pll-values
7 (8).
under these conditions, which is confirmed by the work
of Wchrli(g).

higher than The supnort dissolves very slowly
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(10,11,12) it is known that RP-

From the literaturc
modified silica still contains some acidic silanol
groups. Besides an ion-pair phenomenon, owing to certain
additives (hydrophobic or hydrophilic modifiers), also
an ion exchange effect can participate in the separation
mechanism(13). A sufficient deactivation of the un-
reacted silanol groups may be achieved when an electro-
lyte is added to the solvent as a modifier. The degree
of deactivation depends on the concentration and the
nature of the cation.

The use of ammonium-, alkylated ammonium-,
potassium or sodium salts is described in the litera-
ture(g’g’]5’16’17’18’27).

As shown by Buytenhuys et al.(14) the TMA

extremely effective in decactivating unreacted silanol

® cation is

groups in reversed-phase chromatography with chemically
modified silicas. This system is applied by Van der
Maeden et al.(12).

In this paper the performance of the tetramethyl-
ammonium ion as a modifier of RP-silica for the separ-
ation of polypeptides is described.

Earlier studies(12’19) have shown that gradient eclution
HPLC can excellently be used for accurate and rapid
analyses.

Quantitative gradient-elution HPLC methods have been
developed for arginine-, lysine vasopressin, oxytocin,
ACTH (1-24), ACTH, B-endorphin, glucagon, porcine and

bovine insulin.

EXPERIMENTAL

Apparatus

The gradient elution high performance liquid chro-

matograph consisted of two Waters 6000 pumps and a
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solvent programmer model 660 in conjunction with a Varian
(Techtron 635), or Cecil 272 variable multiwavelength
detector {set at 210 or 280 nm).

The samples werce introduced by a Valco 7000 psi
injection valve.

A computing integrator system (SP 4000, Spectra-
Physics) was usced for integration and data trcatment.

During the investigation a 30-c¢m pBondapak C 18
column (Waters Assoc., Milford, Mass., USA) or two
3~cm Lichrosorb RP 18 (Merck, Darmstadt, Germany,
10 uym) cotumns in series, packed by a balanced-density

(14,20,21)

slurry technique and various gradients of
Y q

water-methanol mixturces were used.

Chemicals and Materials

In all experiments distilled water and recagent
grade methanol and orthophosphoric acid (Baker,
Deventer, The Netherlands) were uscd.
Tetramethylammonium hydroxide was applied as a 20%
solution in methanol (Aldrich, Milwaukee, Wisc., USA).
In order to demonstrate the separation power of the
IIPLC-system, the polypeptides investigated were taken
from Diosynth's production in various stages of the
end purification.

The external standards were obtained by extra purifi-
cation via chromatography, gel [iltration or in case of
tetracosactide, counter current distribution.

The g-endorphin originates from the Organon Organic

Chemical Rescarch Department.

Procedures

The gradicent elution procedures were in all cases
standardized as follows:
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after running the appropriate gradient, followed by a
reverse program of 5 min to initial conditions, the
column was re-equilibrated for 10 min. A column tem-
perature of 20°C was applied and the flow rate was

1 ml/min (pressure between 100-150 bar). Prior to use

the solvents were degassed by vacuum with simultaneous

stirring.

The samples were dissolved in the initital mobile
phase or in aqueous acetic acid.

The following elution systems were used:

(i) for studying the influence of the pH and the buffer
concentration of the mobile phase system: a linear
gradient in 60 min from 20% B in A to 70% B in A
and 30% B in A to 100% B for glucagon.

Solvent A was a 0.050 M solution of TMAH in
water-methanol 50:50 (v/v) adjusted to a pH of 2-5
with orthophosphoric acid, and solvent B contained
the same buffer at the same pH in water-methanol
20:80 (v/v).

For thec cxperiments at pH <2 a linear gradient
from 35% B in A to 100% B in 60 min was applied.
Here the solvents were methanol-water 50:50 and
80:20 (v/v), respectively, adjusted to pH 0.5 and
2 with perchloric acid.

To study the influence of the buffer concen-
tration, the same elution systems were used but
with variable TMAH concentrations (0.005-0.05 M)
and adjusted to pH 3 with orthophosphoric acid.

(ii) Quantitative Analysis

For the quantitative determination of the
polypeptides linear gradients were applied with

the solvent systems as given in Table 1.
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TABLE 1
T H .
polypeptide gradient (v/v) &?;21§§m
argininc vasopressin
lysinc vasopressin 59 Ein B » 70% E in B 30
oxytocine
tetracosactide, ACTH
(1-24) 59 Din C - 70% D in C 45
porcine ACTH 50% D in C ~100% D in C 30
glucagon ; 50% A in D - 100% D 60
insulin {porcine ;
and bovine) 120% A in D » 70% A in D 60
f-endorphin 309 D in C ~100% D 45
A= 50:50; B = 80:20; C = 75:25; D = 20:80;
E = 55:45 (v/v) water-methanol.

In all solvents the TMAl-concentration had been made
0.050 M and the pll had been adjusted at pH 3 with

orthophosphoric acid.

RESULTS AND DISCUSSION

In order to find the optimal conditions for the
separation and quantitative determination of the poly-
peptides under investigation, a study was made of the
effects on this separation of the pl, of the buffer IMA-

phosphate) concentration and of the stationary phase.

pH of the Mobile Phase

The pll of the mobile phase has a pronounced
cffcct(8’9’1]’]3’22’23’24) upon the separation of the
main- and by-products of polypeptides. Under basic
conditions the reversed-phase materials and also some

of the polypeptides mentioned are unstable.
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On the other hand, insulin is insoluble near its iso-
electric point (pI = 5.5). Hence we investigated the
influence of the pll on the reversed-phase separation
of polypeptides over the pH-range 0.5 - 5.

Under these acidic conditions the side-chain
groups of lysine and arginine are protonated
(pK, ~ 10). At pH-values lower than about 2 all
carboxylic acid groups (side chain and terminal) are
undissociated.

At pH-values between 2 and 4 the B-carboxylic
acid groups (side chain) are still undissociated,
while the terminal carboxylic acid groups are

a(25,20) gy chromatograms in Fig. 1 show

dissociate
that this leads to a strong decrease in retention.
Obviously, the hydrophilic character of the poly-
peptides increases from pll 2 to 4., The asymmetry

and therefore the poor resolution between insulin

and monodesamido insulin is probably due to the
influence of the residual silanol groups present on

the modified silica surface.

The replacement of perchloric acid by orthophos-
phoric acid has no influence on the rectention (elution
with the gradient at 63% (v/v) methanol). The better
peak performance in the case of orthophosphoric acid is
probably due to the higher acid concentration at pH 2
compared with that of perchloric acid.

The addition of acid to the eluent results in less
interaction between the polypeptides and the remaining
silanol groups, thus improving the peak shape(zz).

The peak performance can be improved further by the
addition of ammonium cations, especially TMA ions(12’1@
which deactivate the remaining silanol groups of the
RP-phase and perhaps also affect the carboxylic acid

groups of the polypeptides, if working at pH > 2.
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The addition of the modifier tctramethylammonium phos-
phate to the eluent yields a better peak performance,
but has no further influence upon the retention
compared to the sepuration with the same solvent system
without TMA-ions. Fig. 2.a, b shows this effect for

insulin.
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Figure 1: Gradient HPLC-separation of bovine insulin

a: with perchloric acid at pl 0.5,

b: perchloric acid at pH 2.

1 solvent peak; 2 = bovine insulin;
3 = desamido insulin.
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(a)

So the effect of tetramcthylammonium cation can
be twoflold:
(1) rcaction with the carboxyllc acld proups present
in polypeptides and
(ii) deactivation of the residual silanol groups on

RP~modified silica surface.

The influence of the pH of the mobile phase on the
resolution (Rq) of insulin-desamido insulin and

glucagon-desamido glucagon is significant (Table 2).

In view of the life-time of the stationary phases

and the possible degradation or fibrilization of poly-



19: 27 24 January 2011

Downl oaded At:

QUANTITATIVE DETERMINATION OF POLYPEPTIDES 1417

N

R

r A S ¥ R -1 T R )

(o] 10 20 30 i 40 50 60
~——» MiN

(b)

Figure 2: Gradient HPL(C-separation of bovine insulin

a: without TMAH; pl 2 (HzPO4),
b: 0.05 M TMA-phosphate (pH 2).

Further see Figure 1.

TABLE 2

bovine insulin/ glucagon/
pl d

esamido insulin |desamido glucagon
1

2 | 1. 1.80
3 I 1.1 1.80
4 t 0.98 1.33
5 ' 0.98 1.31




19: 27 24 January 2011

Downl oaded At:

1418 BTEMOND, SIPMAN, AND OLIVIE

O -
-
(=]
N
[=}
w-
(=}
&
(=)
an
()
g

peptides which can occur at lower pli's (< 2) a pH of 3

was chosen for the further investigations.

Concentration of the Buffer

Variation of the concentration of the tetramcthyl-
ammonium phosphate huffer from 0.005 to 0.05 M at pHll 3

has no influence upon the retention of insulin or

glucagon. The pcak performance improves with incrcasing

buffecr concentration up to 0.03 M (Figs. 3.a and 3.b).

At higher buffer concentrations (0.03 - 0.05 M) no
improvemcent is observed. So a {urther deactivation of
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Figure 3: Gradient HPLC-separation of bovine insulin

a: with 0.005 M tetramethylammonium;
b: with 0.03 M tetramethylammonium.

Further sece Figure 1.

the residual silanol groups is achieved by applying
tetramethylammonium phosphate buffer, while ion-exchange

is improbable at these low pH-values (< 3).

Stationary Phase

The choice of the stationary phase depends on the

polypeptides which have to be characterized. Arginine-
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and lysine vasopressin, oxytocin, ACTH (1-24), ACTH
and B-cendorphine can be excellently characterized on a

nBondapak C 18 column (Fig. 4).
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The selectivity of this material (even with two
columns in series) is insufficient for the separation

of insulin-monodesamido insulin and glucagon-monodes-

1421
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20 . 30 40
—3 min
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amidoglucagon owing to its relatively low hydrophobic
character. The best scparation of the desamido compounds
from their main products is achicved on two home-made
30 c¢cm Lichrosorb RP 18 columns in serices.

In our cxpericnce, this is the most hydrophobic
stationary phasc with the best selectivity tested for

polypeptides.
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The separating power of the Lichrosorb RP 18 system
is demonstrated in Fig. 5, showing the complete

separation of bovine- and porcine insulin.
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The differenccs between these two compounds are the
amino acids in the positions A8, 10 (alanine and valine
for bovinec insulin and thryptophan and isoleucine for

porcine insulin).

Application of Gradients

The application of isocratic clution has also

been investigated. llowever, it gives less information
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about the possible impurities present in the sample:
some by-products can be retained to such an extent or
irreversibly bonded that no reproducible quantitative
results can be obtained. These by-products will elute
from the column in narrow bands in applying a gradient
Undesirable mixing effects of the solvents used
for the mobile phase have been minimized by optimi-
zing the water-methanol mixtures in such a way that
the two pumps deliver solvent mixtures, that differ in

composition as little as possible.

Quantitative Analysis

The proportionality of the peak area to thc amount
of oxytocin injected was measured in the range 5-100 pg.
The calibration graph proved to be linear in this range
(correlation factor 0.9995).

Similar results were obtained for lysine- and arginine
vasopressin, ACTH (1-24) and ACTH.

The quantitative determination of g-endorphin, glucagon
and the two insulins was carried out according to a

100% analysis.

Figure 4: Gradient lPLC-separation of polypeptides of
various purities

a: arginine vasopressin 6.6 mg/ml

b: lysine vasopressin 11.5 mg/ml

C: oxytocin-acetate solution 5 mg/ml

d: ACTH (1-24) 6 mg/ml

e: B-endorphin 0.2 mg/ml
(210 nm)

f: porcine ACTH 69 I.U-/mg 6 mg/ml

g: glucagon 0.3 mg/ml
(210 nm)

Injection: 20 ul
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Figure 5: Gradient HPLC-separation of bovine and

porcine insulin

0: solvent peak; 1: p-hydroxybenzoic acid;
2: p-hydroxymethyl benzoate; 3: bovine
insulin; 4: monodesamido bovine insulin;

5: porcine insulin; 6: monodesamido porcine
insulin; 7: proinsulin (?).
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By repeated injection of the samc polypeptide
solution the coefficients of variation of the chroma-
tographic procedures were found to be < 1.2%.

The coefficients of variation for the total analyses

(including sampling and weighing) are < 2%.

Stability of Polypeptides

The stability of the polypeptides in the chroma-
tographic system depends on the pH and the nature of
the solvent(25’26).

Therefore the stability of polypeptides was investiga-
ted in different solvents and at various pH-values.

In solution at room temperature insulin (and other
polypeptides which can convert into a desamido compound
€.g. glucagon) degrades upon standing.

The formation of the primary degradation product
monodesamido insulin as a function of pl and TMA-
phosphate was followed for 2 weeks by means of quanti-
tative HPLC. The results are shown in Fig. 6.

For insulin and glucagon the decreasc in the
content found is negligible when the polypeptide
solution (TMA-phosphate or aqueous acetic acid) 1is
analysed on the day of preparation and stored at lower
temperature (4°C).

Taking these precautions, no detectable amount of
insulin is converted into the desamido-form even when
very pure insulin (pharmaccutical preparation of

porcine insulin) is injected (Fig. 7).
CONCLUSIONS

- Gradient elution HPLC on RP-modified silica is an

excellent method for both the quantitative and
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Figure 0: Influence of the pH and the nature of the

solvent on the primary degradation product

ot
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bovine insulin

aqueous acctic acid, pl 4
aqueous acctic acid, plb 3
aqueous acctic acid, pil 1.4

methanol/water 50:50 (v/v),
0.05 M tetramethylammonium phosphate, pH 3

15
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Gradient HPLC-separation of a pharmaceutical
preparation (NOVO-monocomponent) of porcine
insulin (40 1.U./ml)

1: p~hydroxybenzoic acid; 2: p-hydroxymethyl
benzoate; 3: porcine insulin.
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qualitative characterization of the polypeptides
arginine-, lysinc vasopressin, oxytocin, ACTH (1-24),
ACTU, glucagon, g-cndorphin, bovine~ and porcine

insulin.

- The pit of the mobile phase alfects the retention and
the pecak performance of the polypeptides. pli-valucs
of around 3 arec to be preferred.

- In order to prevent undesirable returdation effects
(e.g. ion-exchange) an electrolyte like tetramethyl-
ammonium phosphate has to be added to the solvent.
Tctramethylammonium phosphate in several concentra-
tions affects only the peak performance, not the

peak retention.
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