a2 United States Patent

US006440953B1

10y Patent No.: US 6,440,953 B1

DeLuca et al. @5) Date of Patent: Aug. 27, 2002
(54) 10-HYDROXY-2-METHYLENE-19-NOR- 5,936,133 A 8/1999 DeLuca et al. ............. 568/828
HOMOPREGNACALCIFEROL AND ITS USES 5,945,410 A 8/1999 DeLuca et al. ............. 514/167
(75) Inventors: Hector F. DeLuca, Deerfield, WI (US); OTHER PUBLICATIONS
Rafa.l R. Sicinski, Warsaw .(PL); Brown et al, “New Active Analogues of Vitamin D with Low
Sumithra Gowlugari; Lori A. Plum, Calcemic Activity” Kidney International, vol. 38, Suppl. 29
both of Madison, WI (US); Margaret (1990), pp. S-22-S-27.
Clagett-Dame, Deerficld, WI (US) Hareau et al, “Asymmetric Synthesis of 1a,25-Dihydrox-
73)  Assi — 0 Al iR " yvitamin D; A-Ring Precursor Starting  with
(73) signee:  yvisconsin Alumni kesearc 5-Tert-Butyldimethylsiloxy—2—Cyclohexenone”  Tetrahe-
Foundation, Madison, WI (US) dron Letters, 41 (2000) pp. 2385-2388.
(*) Notice: Subject to any disclaimer, the term of this Sch1gsk1 et ald > ?ﬁw hl%,.Zi—Dlh)I/ch?y.—tl?—SNoing.tamlg
tent is extended or adjusted under 35 3 wompounds ot thigh Brorogical ACUVILY: Synticsis an
%aS C. 154(b) by 0 d Biological Evaluation of 2-Hydroxymethyl, 2-Methyl, and
e (b) by 0 days. 2-Methylene Analogues” J. Med. Chem., 41 (1998) pp.
4662-4674.
(21) Appl. No.: 09/878,438
. Primary Examiner—Sabiha Qazi
(22) Filed: Jun. 11, 2001 74) Attorney, Agent, or Firm—Andrus, Sceales, Starke &
Y, Ag
Related U.S. Application Data Sawall, LLP
&) ABSTRACT
(63) Continuation-in-part of application No. 09/657,828, filed on
Sep. 8, 2000. This invention discloses 1lo-hydroxy-2-methylene-19-nor-
(51) It CL7 oo AGIK 31/59; CO7C 401/00 ~ Nomopregnacaiciferol and pharmaceutical uses therefor
(52) US.Cl .ovvcvecrne 514/167; 552/653; 514/167  comp e pror yu -stng th
; ’ proliferation of undifferentiated cells and inducing their
(58) Field of Search ......................... 552/653, 514/167 differentiation to the monocyte thus CVidCl’lCil’lg use as an
. anticancer agent and for the treatment of skin diseases such
(56) References Cited as psoriasis as well as skin conditions such as wrinkles, slack
U.S. PATENT DOCUMENTS skin, dry skin and insufficient sebum secretion. This com-
pound also has little, if any, calcemic activity and therefore
;"gggﬂé?‘? 2 Z }ggg Be]]:uca et a%‘ 2;‘; ég; may be used to treat immune disorders in humans as well as
,089, eluca et al. .............
5578587 A 11/1996 Deluca el al. ... S14j167 ~ onal osteodystrophy.
5,587,497 A 12/1996 DeLuca et al. ............. 552/653
5843928 A 12/1998 Delucaet al. ............. 514/167 26 Claims, 7 Drawing Sheets
12000
o
=
2
(@]
faal
w
=
o
[a
L |
0 N L) MR | N SR
1.0E-10 1.0E-09 1.0E-08 1.0E-07 1.0E-06
CONCENTRATION
—e— 1,25(0H)2D3  -m— 1-OH-2METHYLENE-HOMOPREGNACALCIFEROL



104D TYOYNDIUJOWOH-INTIAHLIWZ-HO-T —=  €QZ(HO)SZ'T —e—

US 6,440,953 Bl

NOILYHINIONOD
90-30'T £0-30'T 80-30'T 60-30°T 01-30°1
rir & 1 q L "_._-_- ] "__.-.- ¥ "-u-_- T o
»
— 0002
-
m — 000%
Z 3
L 0009 o
Q w
= 2
S — 0008 Z
)
Z
00001
00021

U.S. Patent



U.S. Patent Aug. 27, 2002 Sheet 2 of 7 US 6,440,953 B1

7l 1a-HYDROXY-2-METHYLENE-
19-NOR-HOMOPREGNACALCIFEROL

N 1,25(OH)2D3

B2 v o
B} v o
Y o

4\\\\ lowd 0GZ

-

= J10IH3A

N D D R R A B A
0~ W W M AN~ O

2D TVSOON / €3 T¥YSOY3S

FIG. 2



U.S. Patent Aug. 27, 2002 Sheet 3 of 7 US 6,440,953 B1

—
®)
[0 -t
Ll
|
w O
—
= <
)
= <C
=5
oy
=a
ol O
P = ™
% O )
S I N
o T
o
2o S
< w
[ A N
=) —

T

L e s
- ///////// jowd 0gZ

NN
\N jowd 062

T

T

b J10IH3A

LR
OO~ WLW S MmN — O

(Ip/ 3W) WNIOTVYD

FIG. 3



043D TVOVNDIYJONOH-INTTAHLIWZ-HO-T —=  €QZ(HOISC'T —*-
NOILYYINIONOD

01-30°T 60-30°T 80-30'T L0-30T

US 6,440,953 Bl

]

Sheet 4 of 7
/

T o

Aug. 27, 2002
/

/

/

/
NOILYILNIH3441d LNIOH3d

06
001

7 Ol

U.S. Patent



(W) 3S0Q 901
G- 9 [~ 8 6 0I- 1= ¢I- €T~ V¥I- 4I-

US 6,440,953 Bl

L 1 1 1 1 | i ] 1 O.o

e

R T0434IITVOVNIIJONOH gz ©

S —HON-6I-INTTAHLIN-C-AXOMOAH-OT = g

m £aNINVLIASON-6T 8

2 ~INTTAHLIN-Z-C(HO)GZ T-(S02) —e— 0SS

EalHoiseT = =

-G/ <

: z

5 =

% -001 ™
=
<

U.S. Patent



US 6,440,953 Bl

Sheet 6 of 7

Aug. 27, 2002

U.S. Patent

(W) 3S0Q 90T
G- 9- [~ 8 o 0 II- ZI- €I~ vI- GI-

L 1 1 0.0
A
1043410 TYOVYNDIHJOWOH =
—HON-6T-INTTAHLIN-Z-AXOUQAH-T —& sz g
€q NINYLIAYON-6T %
~INTTAHLIN-Z-C(HO)GZ D1-S02) —*- " P
€al(Ho)s2'T = Z
LG/ w
(]
-

L0"01



U.S. Patent Aug. 27, 2002 Sheet 7 of 7 US 6,440,953 B1

FIG. 7

O PRE-DOSE
B POST-DOSE

CALCIUM (mg /dL)

O N WPROOO 4
"N TS SN VR SR SR SR

NNNNNNNN

NNNNNY,




US 6,440,953 Bl

1

1a-HYDROXY-2-METHYLENE-19-NOR-
HOMOPREGNACALCIFEROL AND ITS USES

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation-in-part of application
Ser. No. 09/657,828 filed Sep. 8, 2000.

BACKGROUND OF THE INVENTION

This invention relates to vitamin D compounds, and more
particularly to la-hydroxy-2-methylene-19-nor-
homopregnacalciferol and its pharmaceutical uses.

The natural hormone, 1a,25-dihydroxyvitamin D5 and its
analog in ergosterol series, i.e. 1c.,25-dihydroxyvitamin D,
are known to be highly potent regulators of calcium homeo-
stasis in animals and humans, and their activity in cellular
differentiation has also been established, Ostrem et al., Proc.
Natl. Acad. Sci. USA, 84, 2610 (1987). Many structural
analogs of these metabolites have been prepared and tested,
including lo-hydroxyvitamin Dj, la-hydroxyvitamin D,,
various side chain homologated vitamins and fluorinated
analogs. Some of these compounds exhibit an interesting
separation of activities in cell differentiation and calcium
regulation. This difference in activity may be useful in the
treatment of a variety of diseases as renal osteodystrophy,
vitamin D-resistant rickets, osteoporosis, psoriasis, and cer-
tain malignancies.

Recently, a new class of vitamin D analogs has been
discovered, i.e. the so called 19-nor-vitamin D compounds,
which are characterized by the replacement of the A-ring
exocyclic methylene group (carbon 19), typical of the vita-
min D system, by two hydrogen atoms. Biological testing of
such 19-nor-analogs (e.g., 10,,25-dihydroxy-19-nor-vitamin
D,) revealed a selective activity profile with high potency in
inducing cellular differentiation, and very low calcium
mobilizing activity. Thus, these compounds are potentially
useful as therapeutic agents for the treatment of
malignancies, or the treatment of various skin disorders.
Two different methods of synthesis of such 19-nor-vitamin
D analogs have been described (Perlman et al., Tetrahedron
Lett. 31, 1823 (1990); Perlman et al., Tetrahedron Lett. 32,
7663 (1991), and DeLuca et al., U.S. Pat. No. 5,086,191).

In U.S. Pat. No. 4,666,634, 23-hydroxy and alkoxy (e.g.,
ED-71) analogs of 1 a,25-dihydroxyvitamin D, have been
described and examined by Chugai group as potential drugs
for osteoporosis and as antitumor agents. See also Okano et
al., Biochem. Biophys. Res. Commun.163, 1444 (1989).
Other 2-substituted (with hydroxyalkyl, e.g., ED-120, and
fluoroalkyl groups) A-ring analogs of 1 «,25-
dihydroxyvitamin D5 have also been prepared and tested
(Miyamoto et al., Chem. Pharm. Bull. 41, 1111 (1993);
Nishii et al., Osteoporosis Int. Suppl. 1, 190 (1993); Posner
et al,, J. Org. Chem. 59, 7855 (1994), and J. Org. Chem. 60,
4617 (1995)).

Recently, 2-substituted analogs of 1c.,25-dihydroxy-19-
nor-vitamin D5 have also been synthesized, i.e. compounds
substituted at 2-position with hydroxy or alkoxy groups
(DeLuca et al., U.S. Pat. No. 5,536,713), with 2-alkyl groups
(DeLuca et al U.S. Pat. No. 5,945,410), and with
2-alkylidene groups (DeLuca et al U.S. Patent No. 5,843,
928), which exhibit interesting and selective activity pro-
files. All these studies indicate that binding sites in vitamin
D receptors can accommodate different substituents at C-2
in the synthesized vitamin D analogs.

In a continuing effort to explore the 19-nor class of
pharmacologically important vitamin D compounds, an ana-
log which is characterized by the presence of a methylene
substituent at the carbon 2 (C-2) has been synthesized and
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tested. Of particular interest is the analog which is charac-
terized by a hydroxyl group at carbon 1 and a shortened side
chain attached to carbon 20, i.e. la-hydroxy-2-methylene-
19-nor-homopregnacalciferol. This vitamin D analogs
seemed an interesting target because the relatively small
methylene group at C-2 should not interfere with the vitamin
D receptor. Moreover, molecular mechanics studies per-
formed on the model la-hydroxy-2-methylene-19-nor-
vitamins indicate that such molecular modification does not
change substantially the conformation of the cyclohex-
anediol ring A. However, introduction of the 2-methylene
group into 19-nor-vitamin D carbon skeleton changes the
character of its 1a.- and 3f3- A-ring hydroxyls. They are both
now in the allylic positions, similarly, as 1a-hydroxyl group
(crucial for biological activity) in the molecule of the natural
hormone, 1a,25-(0OH),D,.

SUMMARY OF THE INVENTION

The present invention is directed toward 1a-hydroxy-2-
methylene-19-nor-homopregnacalciferol, its biological
activity, and various pharmaceutical uses for this compound.

Structurally this 19-nor analog is characterized by the
general formula I shown below:

O™ OH

The above compound exhibits a desired, and highly
advantageous, pattern of biological activity. This compound
is characterized by relatively high binding to vitamin D
receptors, but very low intestinal calcium transport activity,
as compared to that of 1 a,25-dihydroxyvitamin D, and has
very low ability to mobilize calcium from bone, as compared
to 1a,25-dihydroxyvitamin D;. Hence, this compound can
be characterized as having little, if any, calcemic activity.
However, its apparent ability to also suppress production of
parathyroid hormone (PTH) makes this compound an ideal
candidate for use as a therapeutic agent for the treatment of
renal osteodystrophy.

The compound of the invention has also been discovered
to be especially suited for treatment and prophylaxis of
human disorders which are characterized by an imbalance in
the immune system, e.g. in autoimmune diseases, including
multiple sclerosis, lupis, diabetes mellitus, host versus graft
reaction, and rejection of organ transplants; and additionally
for the treatment of inflammatory is diseases, such as
rheumatoid arthritis, asthma, and inflammatory bowel dis-
eases such as celiac disease and croans disease, as well as the
improvement of bone fracture healing and improved bone
grafts. Acne, alopecia and hypertension are other conditions
which may be treated with the compound of the invention.

The above compound is also characterized by relatively
high cell differentiation activity. Thus, this compound also
provides a therapeutic agent for the treatment of psoriasis, or
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as an anti-cancer agent, especially against leukemia, colon
cancer, breast cancer and prostate cancer. In addition, due to
its relatively high cell differentiation activity, this compound
provides a therapeutic agent for the treatment of various skin
conditions including wrinkles, lack of adequate dermal
hydration, i.e. dry skin, lack of adequate skin firmness, i.c.
slack skin, and insufficient sebum secretion. Use of this
compound thus not only results in moisturizing of skin but
also improves the barrier function of skin.

The compound may be present in a composition to treat
the above-noted diseases and disorders in an amount from
about 0.01 ug/gm to about 100 ug/gm of the composition,
and may be administered topically, transdermally, orally or
parenterally in dosages of from. about 0.01 ug/day to about
100 pg/day.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph illustrating the relative activity of
la-hydroxy-2-methylene-19-nor-homopregnacalciferol and
1a,25-dihydroxyvitamin D5 to compete for binding of [*H]-
1,25-(OH),-D; to the vitamin D pig intestinal nuclear recep-
tor;

FIG. 2 is a graph illustrating the intestinal calcium trans-
port activity of la-hydroxy-2-methylene-19-nor-
homopregnacalciferol as compared to 1la,25-
dihydroxyvitamin Ds;

FIG. 3 is a graph illustrating the bone calcium mobiliza-
tion activity of la-hydroxy-2-methylene-19-nor-
homopregnacalciferol as compared to 1a,25-
dihydroxyvitamin D;

FIG. 4 is a graph illustrating the percent HL-60 cell
differentiation as a function of the concentration of
la-hydroxy-2-methylene-19-nor-homopregnacalciferol and
of 1a,25-dihydroxyvitamin D;

FIG. 5 is a graph illustrating the transcriptional activity in
bone cells of la-hydroxy-2-methylene-19-nor-
homopregnacalciferol as compared to 2-methylene-19-nor-
20(S)-1a,25-dihydroxyvitamin D5 and to 1la,25-
dihydroxyvitamin D5;

FIG. 6 is a graph illustrating the transcriptional activity in
kidney cells of la-hydroxy-2-methylene-19-nor-
homopregnacalciferol as compared to 2-methylene-19-nor-
20(S)-1a,25-dihydroxyvitamin D, and to la,25-
dihydroxyvitamin D5; and

FIG. 7 is a bar graph illustrating blood serum calcium
levels in male rats after treatment with a single dose of
la-hydroxy-2-methylene-19-nor-homopregnacalciferol as
compared to 1a,25-dihydroxyvitamin D5 and to 2
methylene-19-nor-20(S)-1a,25-dihydroxyvitamin Ds.

DETAILED DESCRIPTION OF THE
INVENTION

lo-hydroxy-2-methylene-19-nor-homopregnacalciferol
(referred to herein as 2MHP) was synthesized and tested.
Structurally, this 19-nor analog is characterized by the
general formula I previously illustrated herein.

The preparation of la-hydroxy-2-methylene-19-nor-
homopregnacalciferol having the basic structure I can be
accomplished by a common general method, i.e. the con-
densation of a bicyclic Windaus-Grundmann type ketone II
with the allylic phosphine oxide III to the corresponding
2-methylene-19-nor-vitamin D analog IV followed by
deprotection at C-1 and C-3 in the latter compound:
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In the structures II, III, and IV groups Y, and Y, are
hydroxy-protecting groups, it being also understood that any
functionalities that might be sensitive, or that interfere with
the condensation reaction, be suitably protected as is well-
known in the art. The process shown above represents an
application of the convergent synthesis concept, which has
been applied effectively for the preparation of vitamin D
compounds [e.g. Lythgoe et al., J. Chem. Soc. Perkin Trans.
I, 590 (1978); Lythgoe, Chem. Soc. Rev. 9, 449 (1983); Toh
et al., J. Org. Chem. 48, 1414 (1983); Baggiolini et al., J.
Org. Chem. 51, 3098 (1986); Sardina et al., J. Org. Chem.
51, 1264 (1986); J. Org. Chem. 51, 1269 (1986); DeLuca et
al., U.S. Pat. No. 5,086,191; DeLuca et al. , U.S. Pat. No.
5,536,713].

Hydrindanones of the general structure II are known, or
can be prepared by known methods.

For the preparation of the required phosphine oxides of
general structure III, a new synthetic route has been devel-
oped starting from a methyl quinicate derivative which is
easily obtained from commercial (1R,3R,4S,5R)-(-)-quinic
acid as described by Perlman et al., Tetrahedron Lett. 32,
7663 (1991) and DeLuca et al., U.S. Pat. No. 5,086,191.

The overall process of the synthesis of compound I is
illustrated and described more completely in application
Serial No. 09/370,966 filed Aug. 10, 1999 entitled
“2-Alkylidene-19-Nor-Vitamin D Compounds” the specifi-
cation of which is specifically incorporated herein by refer-
ence.

BIOLOGICAL ACTIVITY OF 10-HYDROXY-2-
METHYLENE19-NOR-
HOMOPREGNACALCIFEROL

The introduction of a methylene group to the 2-position of
lo-hydroxy-19-nor-homopregnacalciferol had little or no
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effect on binding to the porcine intestinal vitamin D receptor,
as compared to 1a,25-dihydroxyvitamin D . This compound
bound equally well to the porcine receptor as compared to
the standard 1,25-(OH),D; (FIG. 1). It might be expected
from these results that this compound would have equivalent
biological activity. Surprisingly, however, the 2 methylene
substitution produced a highly selective analog with unique
biological activity.

Table 1 and FIG. 2 show that 2MHP has very little activity
as compared to that of 1,25-dihydroxyvitamin D5 (1,25(OH)
,Dj), the natural hormone, in stimulating intestinal calcium
transport.

Table 1 and FIG. 3 demonstrate that 2MHP has very little
bone calcium mobilization activity, as compared to 1,25
(OH),D,.

FIGS. 2 and 3 thus illustrate that 2MHP may be charac-
terized as having little, if any, calcemic activity.

FIG. 4 illustrates that 2MHP is almost as potent as
1,25(0OH),D5 on HL-60 differentiation, making it an excel-
lent candidate for the treatment of psoriasis and cancer,
especially against leukemia, colon cancer, breast cancer and
prostate cancer. In addition, due to its relatively high cell
differentiation activity, this compound provides a therapeu-
tic agent for the treatment of various skin conditions includ-
ing wrinkles, lack of adequate dermal hydration, i.e. dry
skin, lack of adequate skin firmness, i.e. slack skin, and
insufficient sebum secretion. Use of this compound thus not
only results in moisturizing of skin but also improves the
barrier function of skin.

FIG. 5 illustrates that 2MHP has transcriptional activity in
bone cells while FIG. 6 illustrates 2MHP has transcriptional
activity in kidney cells. These data provide further support
for the VDR binding data in FIG. 1. Transcriptional activity
was measured in two different cell lines. ROS 17/2.8 (bone)
or LLC (kidney) cells were stably transfected with a
24-hydroxylase (240OHase) gene promoter upstream of a
luciferase reporter gene (Arbour et al, 1998). Cells were
given a range of doses. Sixteen hours after dosing the cells
were harvested and luciferase activities were measured
using a luminometer. The ECy, of 1a-hydroxy-2-methylene-
19-nor-homopregnacalciferol is about 10 times lower in
bone cells than kidney cells. In kidney cells, 1a-hydroxy-
2-methylene-19-nor-homopregnacalciferol is greater than or
equivalent to 1,25(OH),D5. The graphs of FIGS. 5 and 6 are
representative of 4 to 5 independent experiments. In FIGS.
5 and 6, RLU means relative luciferase units.

Table 2 and FIG. 7 show an analysis of serum calcium in
rats both before and after administration of a single dose of
2MHP. These data provide further support for the data in
FIG. 3.

Competitive binding of the analogs to the porcine intes-
tinal receptor was carried out by the method described by
Dame et al (Biochemistry 25, 4523-4534, 1986).

The differentiation of HL-60 promyelocytic into mono-
cytes was determined as described by Ostrem et al (J. Biol.
Chem. 262, 14164-14171, 1987).

INTERPRETATION OF DATA

The in vivo tests to determine serum calcium of rats on a
zero calcium diet provides an insight to osteoblastic or bone
activity of 2MPH. The dose response curves show that
2MHP is significantly less potent than 1,25(OH),D; in
raising calcium in the plasma via the stimulation of the
osteoblasts (FIG. 3 and FIG. 7). At the same time, the
activity of 2MHP on intestinal calcium transport is also
significantly less than that of 1,25-(OH),D; (FIG. 2).
Therefore, these data show 2MHP to have little, if any,
activity on bone.
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2MHP is slightly less active than 1,25(0OH),D; in binding
to the vitamin D receptor (FIG. 1), and has significant
transcriptional activity in both bone cells (FIG. 5) and
kidney cells (FIG. 6). However, it is also only slightly less
active than 1,25-(OH),D; in causing differentiation of the
promyelocyte, HL-60, into the monocyte (FIG. 4). This
result suggests that 2MHP will be very effective in psoriasis
because it has direct cellular activity in causing cell differ-
entiation and in suppressing cell growth. It also indicates
that it will have significant activity as an anti-cancer agent,
especially against leukemia, colon cancer, breast cancer and
prostate cancer, as well as against skin conditions such as
dry skin (lack of dermal hydration), undue skin slackness
(insufficient skin firmness), insufficient sebum secretion and
wrinkles.

These results illustrate that 2MHP is an excellent candi-
date for numerous human therapies and that it may be useful
in a number of circumstances such as autoimmune diseases,
cancer, and psoriasis. Since 2MHP has significant binding
activity to the vitamin D receptor, but has little ability to
raise blood serum calcium, and yet has the ability to sup-
press PTH production, it may also be useful for the treatment
of renal osteodystrophy.

Male, weanling Sprague-Dawley rats were placed on Diet
11 (0.47% Ca) diet+AEK for 11 days, followed by Diet 11
(0.02% Ca)+AEK for 31 days. Dosing (i.p.) began 7 days
prior to sacrifice. Doses were given on a daily basis, 24
hours apart. The first 10 cm of the intestine was collected for
gut transport studies and serum was collected for bone Ca
mobilization analysis. The results are reported in Table 1 and
illustrated in the graph of FIG. 2.

TABLE 1

Response of Intestinal Calcium Transport and Serum Calcium (Bone Cal-

cium Mobilization) Activity to Chronic Doses of 1,25(0OH),D, and 2MHP

Intestinal Calcium Serum
Dose Transport* Calcium*
Group (pmol/day/7 days) (S'M) (mg/100 ml)
Vitamin D Deficient Vehicle 3.28 £ 0.64 372 £0.32
1,25-(OH),D; 250 521073 7.40 = 0.47
1,25-(OH),D, 500 6.85 = 0.79 7.20 £0.33
2MHP 250 322 +0.14 4.84 £0.37
2MHP 500 3.90 + 0.38 3.96 £0.19

*The above data are the average and standard error (SE) from 5 animals.

Weanling, male Sprague-Dawley rats (6/group) were
placed on a vitamin D-deficient diet for a total of 5 weeks.
During the first three weeks, the animals were fed a normal
calcium diet (Diet 11+0.47% Ca+AEK supplement) and the
last two weeks they were fed a low calcium diet (Diet
11+0.02% Ca+AEK supplement). Approximately 24 hours
prior to sacrifice, animals were tail bled and then dosed with
1 nmol of the respective compounds. The doses were
delivered orally in 100 microliters of vegetable oil by
gavage. Serum was collected approximately 24 hour post-
dose and it, along with the pre-dose serum, were subjected
to total calcium analysis using atomic absorption spectrom-
etry. These data are reported below in Table 2 and illustrated
in the graph of FIG. 7.
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