Enantiomorphically pure biologically active substances: a new frontier for pharmacology
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We tend to use the two-dimensional plane to render the natural world with its three dimensions. As a result, certain phenomena are made more difficult to understand. Chirality or asymmetry is one of these. 

The classic example, (and the simplest one) is our hands (which are endowed with chirality) - they differ, but in a special way: one is the mirror image of the other and they cannot be superimposed. This concept might become clearer if we consider the fact that  we can do all kinds of things with our left hand but we can't turn it into a right hand, or vice versa!

Hands. One is the  mirror image of the other - they are not identical (Source: W.B. Wood et al., Publishing Co., Menlo Park, CA, 1981, modified)
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Like hands, cloprostenol has two enantiomorphic forms: D-cloprostenol and L-cloprostenol

The vast majority of molecules are chiral - i.e. they are like hands in that they have two possible structures (known as enantiomorphs, enantiomorphic forms or optic enantiomorphs). 

Every synthesis of an asymmetric molecule carried out using non-chiral substances as starting material or reagents will produce  a 1:1 mixture of enantiomorphs (racemate, or racemic mixture). 

These mixtures have physical and chemical properties which are identical in all respects except with regard to:

a) their capacity to interact with polarized light;

b) their capacity to interact with other enantiomorphs - i.e. with one of the two possible  forms of other chiral substances.

Interaction between an enantiomorphic form and polarized light permits determination of the optic rotatory power of the enantiomorph in question (expressed by means of a numerical value and a plus or minus sign for dextro- or levorotatory enantiomorphs, respectively). One enantiomorph of a given substance, when examined under the same conditions as its counterpart, will show the same numerical value as that counterpart. A plus sign will be used instead of a minus, or vice versa. This indicates differences in reactions with polar light (same numerical value, and positive or negative value). The great scientist, Louis Pasteur, discovered that optic activity is a result of molecular asymmetry. He was also the first scientists to break a racemate down into its enantiomorphs. The two enantiomorphs will differ among themselves terms of their capacity to interact with other asymmetric structures, in much the same way as we find with hands and with "handedness": it is easier to shake a right hand with a right hand than it is with a left hand. This is a highly significant point of departure - one which continues to arouse great interest in the field of the study of the biological activity of "enantiomorphically pure" substances. It has constituted the occasion for renewed efforts in the search for valid processes of synthesis for the production of "enantiomorphically pure" substances at reasonable prices .With regard to the various naturally occurring processes of synthesis, it is known that enzymes are capable of total control of the enantiomorphic purity of the biomolecules they produce. Enzymes can exert such control because they are made up of a series of chiral proteinogenic amino acids which have a single enantiomorphic form.

The interactions of an enzyme with the two enantiomorphs of a substrate molecule must be different from each other - in other words, the activity of biologically active asymmetric molecules must often be ascribed to just one of the two enantiomorphic forms (i.e. the eutomer). This also means that the other form (i.e. the dystomer), if present, will either be inactive (a "wallflower", so to speak, a "medicinal pollutant" or "isomeric ballast"), or adversely active .
In some cases, the undesired enantiomorph may disturb other biological processes with disastrous consequences.It practically goes without saying that the metabolism of the two enantiomorphs is characterised by a specific kinetics for each. In most cases, the progress of a racemate within living organisms will lead to modification of the original enantiomorphic 1:1 relation. There are many evident cases of activities which differ on the basis of enantiomorph status. 

One of the enantiomorphs of limonene, S-limonene, smells like lemon, yet the R-enantiomorph has an orangey smell. S-carvone smells like caraway seeds and the R-enantiomorph like spearmint. These differences are obviously significant as far as the production of perfumes and aromas is concerned. Another significant example is  sucrose, the enantiomorphs of which are equally sweet. However, only the D-enantiomorph is metabolized (which means that the L-enantiomorph has potential as a diet sweetening agent).

In drug design and manufacturing, as well as in the agrochemicals sector, chirality will undoubtedly play a bigger role in the future. Chirality will also significantly change attitudes towards research, especially among those who are willing to take up a challenge such as this. It is not enough to be “quick off the mark”. Expertise and competence are also required. 

Further developments regarding the structural analogues of PgF2a: the use of enantiomorphs

More than 30 years ago, it was discovered that PgF2 was endowed with the capacity to modulate the activity of the female reproductive apparatus by means of its luteolytic action. This is still the most important use of prostanoids in veterinary medicine today.

The first therapeutic applications were carried out using naturally occurring PgF2 obtained from coral. PgF2 was then synthesized.

Such therapeutic treatment, however, was not problem-free, since PgF2 acts not only on the CL and myometrium but also on other organs and may have side effects some of which are fairly serious. 
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The main sites of the side effects  are the digestive apparatus (colic-diarrhoea syndromes), the respiratory apparatus (bronchospasms) and the cardiovascular apparatus (vasomotor phenomena).

Between the end of the 1970's and the beginning of the 1980's it became possible to eliminate these drawbacks by synthesis of PgF2 structural analogues in which the luteolytic activity was much more marked than effects on the intestinal, bronchial and vasal smooth muscles.

Since naturally occurring endogenous PgF2 is optically dextrorotatory, a number of researchers investigated the synthetic PgF2 analogue, cloprostenol, which is endowed with optic isomerism (an agent  which had previously only been used in racemic form).

Figure 1: Blood concentration of D-cloprostenol after administration of  0.15 mg intramuscularly .
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The research carried out (briefly described below) showed that only the dextrorotatory isomer of cloprostenol was active, and that the levorotatory isomer is endowed with no prostaglandin activity of this kind.D-cloprostenol, after intramuscular administration of 0.15 mg, shows a half-life of 1 hour 37 minutes and  reaches a peak within 90 minutes (Figure 1). Therefore, along with its very rapid absorption, D-cloprostenol maintains its activity for over two hours. This pharmacokinetic characteristic permits prolonged, high uterotonic effects and may be exploited to obtain excellent clinical results in  endometritis, pyometra, and an improvement in uterine involution.

AFFINITY FOR THE  RECEPTORS ON THE OVARY AND UTERUS 

Comparison between the different affinities of D-cloprostenol, D-L cloprostenol and natural prostaglandins, on specific uterine and ovarian receptors 

Selective specificity of D-cloprostenol on ovarian receptors (J.vet.Pharm.Ther ’94)

Selective specificity of D-cloprostenol on uterine receptors (J.vet.Pharm.Ther ’94)

Studies on the ovarian and uterine receptor inhibition curves have highlighted the following  aspects:

· There are specific receptors for prostaglandins on the uterus and on the ovary 
· On both the ovary and the uterus, cloprostenol binds to stereo-specific receptors for prostaglandins

· The binding affinity of these receptors for D-cloprostenol is similar to that for the natural PgF2a (D isomers) produced by the  uterus 

· D-L cloprostenol shows an affinity which is clearly lower 

· D-cloprostenol and natural PgF2a are around 150 times more powerful than DL- cloprostenol (p<0.05)  on the ovary 

· D-cloprostenol and natural PgF2a are around 10 times more powerful than DL cloprostenol  (p<0.05)  on the uterus 

LUTEOLYTIC EFFECT
Comparison of the activities of D- and L-cloprostenol

Two groups of 4 young beef cows weighing approx. 360 Kg b.w. with synchronized ovarian cycles were treated (0.5 mg/animal), with  D-cloprostenol (Group A) and with  L-cloprostenol (Group B).

Over the following 6 days, the luteolytic effect of the two enantiomorphs was assessed through determination of progesterone blood levels.

In Figure 2 it is clearly shown that only the  D-isomer determines a significant fall in blood progesterone levels.
Comparison of the activities of DL-cloprostenol and D-cloprostenol
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Four groups of young beef cows weighing approx. 350 Kg with synchronized ovarian cycles were treated. One group was treated  with 0.5 mg/animal DL-cloprostenol. The others were treated with 0.250, 0.125 and 0.0625 mg/animal D-cloprostenol. Over the following 4 days, the luteolytic effects were assessed through determination of progesterone blood levels. See Table 1 for a demonstration of the fact that D-cloprostenol at a dosage of 0.125 mg/animal determines a comparable luteolytic effect to that of DL-cloprostenol at a standard dosage of 0.5 mg/animal (Figure 3). Given these results, at the dosages used, D-cloprostenol is found to be approx. 3.5 times more active than racemic cloprostenol.
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Fig. 1. Competition curves of [*H]PGF,, with d-cloprostenol, di-clo-
prostenol, PGF,,, and PGE, to PGF,, receptors in bovine corpora lutea
cell membranes. Each point represents the mean value + SEM of pooled
membranes (n = 10) from quadruplicate experiments. @, d-Cloprotstenol;
@, dl-cloprostenol; A, PGF,,; B, PGE,. Duncan’s multiple range test: »>< P
<0.05.



Figure 2: Progesterone blood levels (ng/ml) after treatment of young cows with D-cloprostenol and L- cloprostenol (0.500 mg/animal)

Figure 3: Blood concentrations of progesterone (ng/ml) in heifers after treatment  with D-cloprostenol  (0.0625-0.125-0.250 mg/head) e racemic cloprostenol (0.500 mg/head)

PRODUCT
DOSE (mg/head)
DAY



0
+1
+2
+3
+4

D-L CLOPROSTENOL 
0.500
9.6
2.0
1.0
0.3
0.4









D-CLOPROSTENOL 
0.250
13.0
1.0
0.5
0.3
0.7


0.125
11.5
1.7
0.3
0.2
0.3


0.0625
5.4
1.2
0.9
1.2
2.4

UTEROTONIC EFFECTS ON ISOLATED UTERI

This study involved isolated uteri of Wistar rats treated with estradiol 24 h before the trial to obtain uterine sensitivity comparable to that observed during estrus. The contractility potency of various concentrations of D-cloprostenol, DL-cloprostenol and PgF2 were assessed (unit of measurement: oxytocic unit) (Figure 4).

Figure 4: Activity (oxytocic units) of three prostaglandins in the isolated uterus of the rat

PRODUCT 
CONCENTR. RANGE (pg/ml)
ACTIVITY 

(OXYTOCIN U.)

D-Cloprostenol
135-3200

1250-16000
113

18.93

Racemic Cloprostenol  
420-1100

4200-53000
68.9

7.7

PgF2a
830-5300

8300-53000
42

3.6

CONTRACTILE ACTION TOWARD THE ISOLATED ILEUM

An examination was carried out of the contractile actions of D-cloprostenol, dl-cloprostenol and PgF2 on the smooth muscle of the ileum of the guinea pig (isolated and transferred to spiked solution). The activity was assessed by measurement of extent (mm) of contraction of a tract of the ileum. Responses were compared with the contractions noted for the sample stored in standard acetylcholine. In Figure 5 it may be noted that D-Cloprostenol produced no contractile effect at concentrations of less than 60 pg/ml. On the other hand, DL-cloprostenol is already active at 1 pg/ml (PgF2, however, requires more than 2,000  pg/ml).

Figure 5: Contractile activity (mm) of three prostaglandins in the isolated ileum of the guinea pig

Concentration  (pg/ml)
D-Cloprostenol 
Racemic Cloprostenol  
PgF2a

1
0
27.6  ( 24.5
-

10
0
32.3  ( 27.9
-

50
18.9 ( 29
48.4  ( 41.7
-

100
31.2  ( 21
-
-

200
9.7  ( 10
-
-

2000


15.6 ( 25.3

5000


27.9 ( 26.6

10 000


18.6 ( 23.2

100 000


27.2 ( 37

CONCLUSIONS
On comparison of the main pharmacological characteristics of racemic, dextrorotatory and levorotatory cloprostenol, we may draw the following conclusions:

· cloprostenol is an optically active molecule and only the D-cloprostenol isomer is endowed with luteolytic action;

· D-cloprostenol exerts greater luteolytic and uterotonic action, than DL-cloprostenol;

· although D-cloprostenol is endowed with more contractile action on the uterine muscles than DL-cloprostenol, it would appear to exert less contractile action on the intestinal muscles and the smooth muscle of other organs;

· the safety margin of D-cloprostenol is broader than for the racemic compound because of the lower dosages required (1:3.3).

Figure 6: Efficacious dosages in cows of various prostaglandins marketed internationally

Product 
Efficaciuos dose 
Coefficient


mg/head 
mg/kg


D-cloprostenol 
0.150
0.0003
1

Racemic cloprostenol 
0.500
0.001
3.3

Tiaprost
0.750
0.0015
5

Fenprostalene
1.000
0.002
6.6

Etiprostion
5.000
0.01
33.3

Alfaprostol
8.000
0.016
53.3

Luprostiol
15.000
0.03
100

Dinoprost
25-40
0.05-0.08
166-266

PRATICAL IMPLICATIONS FOR BUIATRICS

We may therefore conclude that the discovery of greater luteolytic and uterotonic activity on the part of D-cloprostenol compared to the racemic compound which has been used up to the present leads us into a third phase in the use of prostaglandins. During the first phase, PgF2 analogue was used; during the second, structural analogues with greater specificity of action, and, during the third, the active isomer of the molecule is to be used (leading to reduced dosages and a broader safety margin). 

The introduction of D-cloprostenol will thus permit the buiatric veterinarian to obtain the following practical advantages, linked to the greater potency of the active substance:

· lower doses 

· maximum efficacy in terms of luteolytic and uterotonic effect  

· high safety coefficient and absence of undesirable effects on non-target organs 
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Fig. 2. Competition curves of [*H]PGF,, with d-cloprostenol, dl-clo-
prostenol, PGF,,, and PGE, to PGF,, receptors in bovine myometrial cell
membranes. Each point represents the mean value & SEM of pooled mem-
branes (n = 10). The experiments were performed in quadruplicate. @, d-
Cloprotstenol; ®, dl-cloprostenol; A, PGF,,; B, PGE,. Duncan's multiple
range test; *b< P < 0.05.
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