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Young dogs were surgically hypophysectomized and maintained for eleven weeks postoperatively with age-matched
normal controls. For three weeks prior to sacrifice, four
hypophysectomized dogs were given daily injections of
bovine growth hormone (GH, 0.2 mg./kg.) and another
four were given daily injections of thyroxine (T4, 5 /tg-/
kg.). Aortas were removed, cleaned of adventitia and
divided into three segments: arch, thoracic and abdominal.
Each portion was analyzed for collagen, elastin, deoxyribonucleic acid (DNA), calcium, total mucopolysaccharides
(MPS), hyaluronic acid (HA), heparan sulfate (HS), dermatan sulfate (DS) and chondroitin sulfate (GS). The arch
and thoracic aortas of normal animals were found to contain more DNA, CS and elastin but less collagen than the
abdominal aorta. Removal of the hypophysis resulted in an
overall increase in elastin and DNA content and caused a
decrease in all sulfated MPS. Administration of either CH
or T4 to hypophysectomized dogs had a profound effect on
the majority of constituents in all segments of aorta. CH
returned the content of elastin, DS and CS toward normal
in at least two of the three aortic segments. T4 returned the
content of DNA, DS and CS toward normal in all segments.
Moreover, T4 treatment caused significant reductions in collagen and HA contents of thoracic and abdominal segments.
These results indicate that: (1) the composition of normal
aorta varies with the segment studied; (2) the composition
of the aorta is markedly affected by hypophysectomy, CH
and T4 treatment; and (3) individual aortic segments show
differential sensitivity to a given hormone. DIABETES 22:24350, April, 1973.

It has previously been reported from this laboratory
that hypophysectomy in the dog affects the composition
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of the aortic wall and that replacement therapy with
growth hormone (GH) partially corrects the metabolic
defects.1'3 In the present paper we would like to give a
more detailed account of the effects of GH than in our
preliminary communications, and also to report on the
effect of thyroxine (T 4 ), which was studied in our
laboratory under comparable conditions. It was found
that the action of T 4 on the aortic wall is different from
but in some ways supplementary to that of GH.
MATERIALS AND METHODS
Mongrel dogs of either sex between the ages of six
and eighteen months and weighing between 8 and 12
kg. were hypophysectomized by the transbuccal technic
as described.4 Previous experiments from this laboratory
have shown that little difference exists in the composition of aorta between the ages of six and eighteen
months in mongrel dogs of either sex.5 Completeness
of the hypophysectomy was checked by histological examination of the removed tissue and by postmortem
examination of the sella turcica. After surgery, dogs remained in the animal colony for eight weeks without
hormone treatment. Then, four of the hypophysectomized dogs received subcutaneous injections of a highly
purified bovine GH preparation (Wilhelmi, Lot no. 12,
gift of the Endocrinology Study Section, N.I.H., Bethesda), 0.2 mg./kg./day for three weeks. Another four
of the hypophysectomized dogs received subcutaneous
injections of T 4 (sodium levothyroxine, "Synthroid,"
Flint Laboratories, Division of Baxter Laboratories),
5 jug./kg./day for three weeks. In order to exclude the
possibility of hypertension, which is .known to affect
the composition of the vascular wall,6 aortic blood pressure was recorded prior to sacrifice in anesthetized animals (pentobarbital, Nembutal, 30 mg./kg.) using a
Statham strain gauge manometer (courtesy of Dr. J.
Grayson of this Department). The average blood pressure which in normal dogs was 155/125 mm. Hg,
dropped in hypophysectomized animals to 103/71 mm.
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chromatographic procedures because of its simplicity
and good reproducibility. The strips were stained with
Alcian blue and scanned in a Beckman RB Analytrol fitted with 600 m/*, filters. Aortic MPS were identified by comparing their mobilities with standard
preparations kindly supplied by Drs. J. A. Cifonelli and
L Roden of the University of Chicago. Heparan sulfate •
isolated from calf aorta was kindly supplied by Dr. A.
A. Horner of this Department. In accord with earlier
work done by Sirek et al.,18 four distinct fractions were
obtained in this system: (1) hyaluronic acid (HA);
(2) heparan sulfate (HS); (3) dermatan sulfate (DS);
and (4) the isomeric chondroitin sulfates (CS). Separation of the isomeric CS was attempted according to
Seno et al.,19 but in our hands this procedure was not
successful with aorta. A standard curve was constructed
for each MPS fraction by electrophoresing, staining and
scanning known amounts of standard preparations. Each
MPS was quantitated by cutting out the appropriate
peak on the Beckman Analytrol chart and weighing
it on an analytical balance. A linear relationship was
obtained for each constituent within the concentration
range of 0.5 to 1.5 nM of uronic acid. Repeat analyses
of HS, DS and CS from aorta or standard preparations
agreed within 3 per cent, those of HA within 7 per cent.5
Twenty-four hour urine collections were made from
normal and hypophysectomized dogs with and without
hormone treatment. Urine was preserved by the addition
of a few drops of 8 N HC1. Total volume was measured
and aliquots were taken for analysis of free and total
urinary hydroxyproline using the colorimetric method of
Prockop and Udenfriend.20 This method was also used
for plasma hydroxyproline determinations.
All chemical determinations were routinely done in
quadruplicate. Results of analyses of individual aortic
segments are expressed as the mean ± standard error
of the mean. Differences between means were tested
for statistical significance using Student's t test as
described by Snedecor.21 P values of less than 0.05 were
taken as significant.
RESULTS
Table 1 gives the results of collagen determinations.
It can be seen that in normal "Control" dogs the collagen content was smallest in the arch, higher in the
thoracic segment and almost 2.5 times as large in the
abdominal segment. Similar values for collagen were
obtained from aortas of hypophysectomized animals with
or without GH replacement therapy.
DIABETES, VOL. 2 2 , NO. 4

Downloaded from http://diabetesjournals.org/diabetes/article-pdf/22/4/243/347024/22-4-243.pdf by guest on 30 September 2022

Hg. Systolic and diastolic blood pressures were both
partially raised by T 4 treatment and were completely
normalized by GH treatment.
Animals were then sacrificed with an overdose of
Nembutal. Aortas were immediately removed, cleaned
of adventitia and divided into three portions: the arch,
from the valves to the left subclavian artery, the thoracic segment, from the left subclavian artery to the celiac
artery, and the abdominal segment, from the celiac to
the external iliac arteries. The segments were first
weighed on an "analytical balance and then minced and
defatted with acetone-ether 1:1 at 4° C. for seventy-two
hours. The acetone-ether was changed twice daily. Tissues were then air-dried and weighed again. The difference between the wet and dry weight was taken as
the "water plus lipid" content of the vessel. The dry
defatted tissue was stored at —20° C. until used. Total
extractable collagen was estimated on 10 mg. of tissue
as hydroxyproline by the method of Neuman and
Logan7 with the modification of Woessner.8 The collagen
content was calculated by assuming a hydroxyproline
content of 13-4 per cent.7 Alkali-stable elastin was determined gravimetrically on the residue, after collagen was
removed, by the method of Lowry et al.9 Deoxyribonucleic acid (DNA) was measured according to Burton.10 Extraction of DNA from 10 mg. of tissue was
carried out with 0.5 M perchloric acid at 70° C. for
thirty minutes according to Reich et al.11 A separate
set of experiments has shown that this extraction procedure (a) removed over 90 per cent of the DNA
from aorta, and (b) caused no measurable destruction
of a standard calf thymus DNA preparation.5 Calcium
was measured in a Perkin-Elmer atomic absorption
spectrophotometer according to Dawson and Heaton,1after extracting 10 mg. of tissue for sixty minutes in
0.5 M perchloric acid at 100° C. Mucopolysaccharides
(MPS) were released from 20 mg. of tissue by digestion
with papain according to Schiller et al.13 Proteolytic digestion was carried out at 56° C. for twenty-four hours
in a Dubnoff metabolic shaker. The MPS were then
isolated by alcohol precipitation according to Kaplan
and Meyer14 and subsequently by precipitation with
cetylpylpyridinium chloride according to Scott.15 Repeat analyses agree within 10 per cent. Total MPS
were estimated as uronic acid by the orcinol technic according to Davidson.16 This fraction was then resolved into individual components by electrophoresis on
cellulose acetate strips in 0.2 M ZnSO4 buffer, pH 5.5,
1 ma./cm. for ninety minutes according to Breen et al. lr
This micromethod was chosen in preference to column
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TABLE 2
Aortic elastin in hypophysectomized dogs
with and without replacement therapy

TABLE 1
Aortic collagen in hypophysectomized dogs
with and without replacement therapy
Specimen

Control
Hypox
Hypox + GH
Hypox+ T 4

Arch

Thoracic
Abdominal
mg./gm. dry defatted tissue
Mean ± S.E.M. (n)
168±5(9)
193±6(12)
431± 8(12)
177±6(6)
206±4(8)
429± 8(8)
163±4(4)
203±8(4)
449±14(4)
184±4(4)
168±2(4)*t 389± 6(4)*t

Quantitative measurements of total hydroxyproline in
urine of these animals maintained on a constant commercial diet revealed that the daily amount excreted by
normal dogs was 20 mg. while that of hypophysectomized animals was only 7 mg. Total plasma hydroxyproline (11 jug./ml.) and urinary free hydroxyproline
(0.2 mg./24 hr.) were the same in both groups of animals which indicated that neither retention nor dietary
intake accounted for the differences in total hydroxyproline excretion. Replacement therapy with GH raised the
daily hydroxyproline excretion to an average of 12 mg./
day. Assuming that urinary hydroxyproline excretion
can indeed be taken as a measure of total body collagen
breakdown,22 these results suggest that the turnover of
collagen was decreased in aortas of hypophysectomized
animals and could be raised by GH administration without affecting the net collagen content of the aortic wall.
The results of T4 treatment were different from those
obtained with GH (table 1). While T 4 had no marked
effect on collagen content of the arch, it lowered the
collagen content of the thoracic and abdominal segments.
Urinary total hydroxyproline excretion was raised to 14
mg./day. These results are compatible with increased
breakdown and diminished synthesis of collagen. Kivirikko et al.23 have shown that the rate of collagen breakdown in skin and bone of T4-treated rats is faster than
in nontreated animals, and Mikkonen et al.24 have demonstrated that T 4 can suppress collagen synthesis in granulation tissue.
The results of elastin determinations are presented in
table 2. It can be seen that in normal "Control" dogs the
^elastin content was highest in the arch and thoracic
aorta, and lowest in the abdominal segment (P <
0.025). Thus, the respective concentrations of elastin
in the three segments were "reversed in relation to the
collagen content. Hypophysectomy caused an increase
in elastin content of all three aortic segments. GH lowAPRIL, 1973

Arch

Control
Hypox
Hypox + GH
Hypox+ T 4

Thoracic
Abdominal
mg./gm. dry defatted tissue
Mean ± S.E.M. (n)
357±9(9)
354± 10(12)
194±4(12)
403±6(6)*. 401 ±11 (8)* 215±4 (8)*
381±7(4)t
383±15 (4)
199±7 (4)t
372±7(4)t
399±13 (4)* 207±4 (4)

* Significantly different from control (P < 0.05)
t Significantly different from hypox (P < 0.05)

ered the elastin content significantly in the arch and
abdominal segment, but only marginally in the thoracic
segment. T4 treatment lowered the collagen content only
in the aortic arch.
The results of DNA determinations are given in
table 3. It will be noted that in normal "Control" dogs
the DNA content was higher in the arch and thoracic
aorta than in the abdominal segment (P < 0.025).
The same relationship was maintained in hypophysectomized animals, except that the actual amounts were
significantly increased in all three segments. GH replacement treatment had no effect on the high aortic
DNA content of hypophysectomized dogs. On the other
hand, T 4 treatment normalized the DNA content in all
three segments.
The rise in DNA content was observed in the presence of normal collagen values and increased elastin
values. Since these two constituents represent approximately 60 per cent of total dry mass, it is more than
likely that the rise in DNA was real and not. due to a
TABLE 3
Aortic deoxyribonucleic acid in hypophysectomized dogs
with and without replacement therapy
Specimen

Arch

Thoracic
Abdominal
mg./gm. dry defatted tissue
Mean ± S.E.M. (n)

Control
5.28±0.10(9)

5.05±0.06(12)

4.28±0.11(12)

6.22±0.32 (8)*

5.12±0.16 (8)*

6.29±0.25 (4)*

5.36±0.15 (4)*

5.08±0.19 (4)t

4.27±0.03 (4)t

Hypox
6.04±0.16(6)*
Hypox + GH
6.26±0.08(4)*
Hypox + T 4
5.40±0.18(4)t

* Significantly different from control (P < 0.01)
t Significantly different from hypox (P < 0.05)
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* Significantly different from control (P < 0.025)
t Significantly different from hypox (P < 0.01)

Specimen

EFFECT OF HYPOPHYSECTOMY AND REPLACEMENT THERAPY ON CANINE AORTA

relative increase in cellularity caused by atrophic changes
in other parts of the tissue. That the DNA content of
a tissue can be used as an index of cellularity was shown
by Vendrely and Vendrely25 and by Mirsky and Ris,2*
who demonstrated that in any given species the DNA
content of all diploid cells was constant.
It is shown in table 4 that the calcium content of
aortic segments from hypophysectomized dogs with or
without replacement therapy was similar to control segments. Thus atherosclerosis was most probably not the
cause of alterations in composition of the aortic wall.

Specimen

Arch
Thoracic
Abdominal
/ig./gm. dry defatted tissue
Mean ± S.E.M. (n)
Control
• 408± 8(9)
404± 8(12)
392±8(12)
Hypox
396± 8(6)
404±12 (8)
408±8 (8)
Hypox+ GH 392±12(4)
40O±24 (4)
388±8 (4)
408± 8(4)
392±12 (4)
388±8 (4)
Hypox+ T4

Aortic hyaluronic acid in hypophysectomized dogs
with and without replacement therapy
Specimen

Arch
Thoracic
Abdominal
Uronic acid mg./gm. dry defatted tissue
Mean ± S.E.M. (n)

Control
0.35±O.02(9)

0.29±0.02(12)

0.29±0.02(12)

0.33±O.O2 (8)

0.29±0.02 (8)

0.31±0.02 (4)

0.35±0.04 (4)

Hypox
0.29±0.04(6)
Hypox + GH
0.37±0.04(4)'
Hypox T4
0.31±0.02(4)
* Significantly different
t Significantly different

0.17±0.02 (4)*t 0.19±0.02 (4)*t
from control (P < 0.025)
from hypox (P < 0.01)

The total MPS content is given in table 5. Measured
as uronic acid, the total MPS content was highest in
the arch and lower in the thoracic and abdominal segments (P < 0.025). The MPS content was markedly
decreased in hypophysectomized dogs. Administration of
either GH or T 4 to these hypophysectomized dogs returned the uronic acid content to normal.
The values for HA are presented in table 6. The
HA content was higher in the arch than in the other
two segments (P < 0.05). Hypophysectomy with or

without GH replacement therapy had no effect on the
amount of HA in the three aortic segments. However,
T 4 induced a marked decrease in aortic HA in the
thoracic and abdominal segments. This would explain,
at least in part, the results which we obtained for
"water plus lipid" content as shown in table 7. The
lowest values were obtained in the thoracic and abdominal segments of hypophysectomized dogs treated with
T4 and this coincided with a reduction in HA. Tissue
hydration, however, is not dependent on its HA content
only. The "water plus lipid" content was reduced in
hypophysectomized animals whether or not they were
injected with GH, and this was not accompanied by a
reduction in the HA content. It is unlikely that the differences obtained were solely due to a change in lipid
content, since the amount of lipid represented only
about 1 per cent of the total "water plus lipid" content.5

TABLE 5
Aortic total mucopolysaccharides in hypophysectomized
dogs with and without replacement therapy

TABLE 7
Aortic water plus lipid in hypophysectomized dogs
with and without replacement therapy

Specimen

Arch
Thoracic
Abdominal
Uronic acid mg./gm. dry defatted tissue
Mean ± S.E.M. (n)

Arch

Thoracic
Abdominal
gm./gm. dry defatted tissue
Mean ± S.E.M. (n)

Control

Control
3.16±0.09(9)

2.86±0.14(12)

2.34±0.07(12)

Hypox
2.29±0.07(6)* 1.92±0.07 (8)* 1.84±0.07 (8)*
Hypox + GH
2.83±0.16(4)t 2.50±0.18 (4)t 2.37±0.14 (4)t
Hypox + T 4
3.14±0.11(4)t 2.66±0.08 (4)t 2.12±0.02 (4)t
* Significantly different from control (P < 0.001)
t Significantly different from hypox (P < 0.025)
246

Specimen

2.92±0.04(9)

2.76±0.04(12)

2.69±0.07(12)

Hypox
2.63±0.05(6)*
Hypox + GH
2.67±0.01(4)*
Hypox + T4
2.57±0.04(4)*
* Significantly different
t Significantly different

2.52±0.06 (8)* 2.53±0.04 (8)
2.59±0.01 (4)* 2.65±0.07 (4)
2.28±0.05 (4)*t 2.03±0.03 (4)*t
from control (P < 0.05)
from hypox (P < 0.025)
DIABETES, VOL. 2 2 , NO. 4
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TABLE 4
Aortic calcium in hypophysectomized dogs
with and without replacement therapy

TABLE 6
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TABLE 8
Aortic heparan sulfate in hypophysectomized dogs
with and without replacement therapy
Specimen

Arch
Thoracic
Abdominal
Uronic acid mg./gm. dry defatted tissue
Mean ± S.E.M. (n)

Control
0.54±0.02(9)

0.49±0.02(12)

0.45±0.02(12)

Hypox
0.40±0.02(6)*
Hypox + GH
0.48±0.04(4)
Hypox + T 4
•0.50±0.04(4)t

Specimen

Arch
Thoracic
Abdominal
Uronic acid mg./gm. dry defatted tissue
Mean ± S.E.M. (n)

Control
0.80±0.04(9)

0.70±0.04(12)

0.85 ±0.04(12)

0.52±0.02 (8)*

0.72±0.O2 (8)*

0.65±0.04 (4)t

0.83±0.06 (4)t

Hypox
0.64±0.02(6)*
Hypox + GH
0.68±0.02(4)
Hypox + T 4
0.81 ±0.02 (4)t
* Significantly different
t Significantly different

0.71 ±0.04 (4)t 0.80±0.02 (4)t
from control (P < 0.025)
from hypox (P < 0.05)

The rise in the elastin content was observed in animals that were hypophysectomized over a period of less
than three months. This and the profound effects of
GH and T 4 treatment are in contrast with the common
belief that the turnover of elastin is extremely slow.27
Our results are compatible with those of Loeven,28 who
has shown an increase in aortic elastin to occur in rats
shortly after hypophysectomy. He assumed that the rise
in elastin was due to a decrease in the activity of elastolytic enzymes.
The marked increase in cellularity of all three aortic
segments from hypophysectomized dogs seen in our
studies is similar to the response observed by Hall29 in
skin and by Eartly et al.30 in the epidermis of hypophysectomized rats. Since T 4 administration returned
the DNA content to normal in all segments of aorta, it

O.33±O.O2 (8)* 0.35±O.O2 (8)*
0.41 ±0.04 (4)

0.48±0.04 (4)t

0.52±0.02 (4)t

0.41 ±0.02 (4)

* Significantly different from control (P < 0.005)
t Significantly different from hypox (P < 0.05)
DISCUSSION

The results of our experiments have shown that
hypophysectomy had a profound effect on every para• meter of study with the exception of collagen and HA.
This is diagrammatically presented in table 11, in which
the direction of change is indicated by arrows. Replacement therapy with GH and T4 produced a variety
of responses in a number of segments and the trends
are diagrammatically presented also in table 11.
APRIL, 1973

TABLE 9
Aortic dermatan sulfate in hypophysectomized dogs
with and without replacement therapy

TABLE 10
Aortic chondroitin sulfate in hypophysectomized dogs
with and without replacement therapy
Specimen

Arch
Thoracic
Abdominal
Uronic acid mg./gm. dry defatted tissue
Mean ± S.E.M. (n)

Control
1.47±0.08(9)

1.38±0.10(12)

0.75±0.04(12)

Hypox
0.96±0.06(6)* 0.75±0.04 (8)*
Hypox + GH
1.3O±O.O8(4)t 1.13±0.12 (4)t
Hypox + T 4
1.52±0.06(4)t 1.25±0.04 (4)t
* Significantly different from control (P <
t Significantly different from 'hypox (P <

0.48±0.04 (8)*
0.71±0.06 (4)t
0.72±0.02 (4)t
0.001)
0.01)
247
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Thus, it seems justified to assume that the rather large
differences were due predominantly to a change in
water content.
The data for sulfated MPS are presented in tables
8-10. HS was evenly distributed in all three segments
of normal aorta, and its concentration was the lowest
of all sulfated MPS. The DS content was higher than
the HS content in every aortic segment, but the distribution was uneven. The DS content of the thoracic portion was significantly lower (P < 0.05) than that of
the arch or abdominal segment. The most marked differences were seen in the CS content. The arch and the
thoracic portion were particularly rich in CS, but the
abdominal segment was poor (P < 0.01) and in fact
contained less CS than DS. Hypophysectomy caused a
marked fall in the content of HS, DS, and CS in all
three aortic segments. GH alone or T 4 alone were able
to return the content of CS to control levels in all segments of the aorta. The DS content was returned to normal in all segments by T4 but only in thoracic and abdominal aorta by GH. The concentration of HS was returned to control values in the aortic arch and the
thoracic aorta by T 4 and in the abdominal aorta by GH.

EFFECT OF HYPOPHYSECTOMY AND REPLACEMENT THERAPY ON CANINE AORTA

TABLE 11
Effects of hypophysectomy (Hx), growth hormone (GH) and thyroxine (T4) treatment
on canine aorta
Constituent
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* Arrows refer to direction of change relative to controls.
t Arrows refer to direction of change relative to hypox.

appears probable that T 4 exerts a major regulatory influence over.aortic cell number. If one assumes that cells
from hypophysectomized dogs are metabolically less active than normal cells, an increase in cellularity may
serve a useful purpose.
Cell proliferation and a rise in collagen content are
the earliest histologically detectable changes in the aorta
of atherosclerotic animals.31 In this connection it is of
interest to note that high cholesterol and high fat diets
alone are not capable of producing atherosclerotic lesions in the dog. It is necessary at the same time to
render the animals hypothyroid, for instance by feeding
propylthiouracil.32 Also, it has been reported that
atherosclerosis occurs more frequently in hypothyroid
patients than in the general population.33 Thus a change
in concentration of T4 may cause alterations in the composition of the vessel wall that will make it either prone
or resistant, as the case may be, to the development of
atherosclerotic and possibly other lesions.
The reduction in total MPS content in aortas of hypophysectomized dogs was caused by a reduction of the
sulfated fractions; either one of the two hormones returned the content to normal. GH, but not T4, exerts its
effects on sulfated MPS through the mediation of somatomedin.34-35 Thus, the mechanism of action of these two
hormones on sulfated MPS is not identical. While T 4
and GH raised the content of CS in all segments of
aorta, the effects on other MPS constituents did not involve necessarily identical segments. Also, it may be
argued that the effect of GH was mediated by insulin:
GH administration to our hypophysectomized dogs raised
the immunoassayable plasma insulin concentration from
12 ± 1 jnU./ml. to the normal range of 21 ± 1 /*U./
248

ml. The results of another study from this laboratory
(to be published) indicate that insulin has only limited
effects on the composition of canine aorta. It is unlikely, therefore, that the relatively small rise in the
plasma insulin concentration in our animals could have
accounted for the response to GH. It may well be that
alterations in plasma GH concentrations are relevant to
the problem of diabetic macroangiopathy, because basal
GH levels, as well as peak plasma concentrations, have
been found to be abnormally high in juvenile diabetic
patients.35
Sulfated MPS have been mentioned as both hero and
villain in the story of atherosclerosis. It has been found
that aortic MPS extracts have anticoagulant and lipoprotein lipase activating properties.37'38 It follows that a
decrease in these substances could lead to lipoprotein
and fibrin deposition in the aortic wall, which then
could be predisposing to, or an actual cause of, atheroma
formation. On the other hand, CS has been shown to
bind betalipoproteins and fibrinogen in vitro3* and to
complex calcium.40 Consequently it may be postulated
that MPS in the vessel wall could precipitate betalipoproteins and fibrinogen from plasma and could account
for their deposition.
In this study we have shown in a quantitative fashion
that the chemical composition of normal canine aorta
varies from segment to segment and that the major
structural components, the fibrous proteins, cells and
various MPS, can be markedly affected by the presence
or absence of hormones. Differences in composition of
aortic segments are known to exist in man and in a
variety of animal species.41'42 Our own study has confirmed this and also has expanded our knowledge by
DIABETES, VOL. 2 2 , NO. 4
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Collagen
Elastin
DNA
Water + Lipid
Total MPS
HA
HS
DS
CS

Arch
GHt
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