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PITOCIN RESTORATION OF RENAL FUNCTIONS TO PRE-
NEUROHYPOPHYSECTOMY LEVELS
The Effect of Administering Neurohypophysial Extraction
Products Upon the Reduced Renal Functions
Associated with Neurohypophysectomy*

Truman W. Demunbrun, Physiologist, Allen D. Keller, Physiologist,
Abner H. Levkoff, Captain, M. C., and Roy M. Purser, Jr., Sgt.

from

Neuro-Endocrine and Renal and Body Fluid Sections,
Physiology Department
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MEDEA

ABSTRACT

PITOCIN RESTORATION OF RENAL FUNCTIONS TO PRE-
NEUROHYPOPHYSECTOMY LEVELS

The Effect of Administering Neurohypophysial Extraction Products
Upon the Reduced Renal Functions Associated with Neurohypophy -
sectomy,

OBJECT

To determine if the drastic reduction in glomerular filtration
rate, renal plasma flow and tubular maxima associated with neuro-
hypophysectomy are due to a deficiency in a neurohypophysial endo-
crine principle.

RESULTS

Administration of pituitrin and pitocinelevated the reduced renal
functions associated with neurohypophysectomy to preoperative levels
whereas administration of pitressin had no effect on these functions.

CONCLUSION

The reduction in renal function associated withneurohypophysec-
tomy is due to a deficiency in the oxytocicprinciple which is normal-
ly elaborated by the neurohypophysis. This finding affords a physio -
logical explanation for the occurrence of this principle in the male
as well as the female. ’

RECOMMENDATION

The anatomical basis for the selective precipitation of physiologi-
cal deficiencies in the active principles found in the two fractions
( pitressin and pitocin ) of the total extract of the neurohypophysis
should be further investigated.
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PITOCIN RESTORATION OF RENAL FUNCTIONS TO PRE -
NEUROHYPOPHYSECTOMY LEVELS

The Effect of Administering Neurohypophysial Extraction Products
Upon the Reduted Renal Functions Associated with Neurohypophy-

sectomy.

I. INTRODUCTION

It is established that permanent reductions in glomerular filtra-
tion rate, renal plasma flow and tubular maxima follow hypophysec-
- tomy in the dog (l). It is generally accepted that depression of renal
functions in such a preparation is the result of an adenohypophysial,
rather than a neurohypophysial deficiency because, 1) the depressed
functions are present in the hypophysectomized preparation which
does not exhibit a diabetes insipidus, 2) no reductions of renal func-
tions were observed inthe original 5 hypothalamic puncture diabetes
insipidus dogs studied (1), and 3) administration of ''growth' (2, 3)
and "adrenocorticotrophic't {(4) extraction products have been reported
to elevate renal functions to or toward prehypophysectomy levels.

More recently comparable reductions of renal functions have
been observed following a neurohypophysectomy procedure which
precipitated a well defined diabetes insipidus without associated ob-
vious adenohypophysial involvement (5). This observationimmediately
suggested that the depression in renal activity in such preparations
was due to an uncomplicated neurohypophysial deficiency and accord-
ingly raised the question as to whether neurohypophysial substitution
therapy would or would not have an elevating effect on the renal func-
tions alluded to above.

It is the purpose of this report to describe the results of admin-
istering neurohypophysial extraction products on the renal activity
of neurohypophysectomized preparations exhibiting, 1)a well defined
diabetes insipidus, 2) permanent and marked reductions of certain
renal functions, and 3) no obvious adenohypophysial deficiencies.

. II. EXPERIMENTAL

- A. Animals

gy

Eleven adult, mongrel, female dogs, ranging in weight from
10to 15 kgs were used in this investigation. The animals were main-
tained on a constant daily food intake of 10 gms of raw horse meat
¢ and 10 gms of Purina Laboratory Chow per kg of body weight. Water
was provided ad libitum.
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B. Neurohypophysectomy*

Under a barbiturate anesthesia the hypophysial area was ex-
posed by the Baileyand Bremer modification of Cushing's subtemporal
approach. The stalk was first cut completely across with scissors;
a ball-electrode was then applied against the cut surface of the atalk,
which remained attached to the hypothalamus, and a coagulating cur-
rent applied (Bovie Electrosurgical Unit). This procedure 'assures
by direct visibility, the complete destruction of the proximal portion
of the pars nervosa (infundibulum) and separation of its remaining
distal portion (infundibular process) from any anatomical continuity
with the hypothalamus. In addition the latter procedure coagulates
a portion of the ventral tuberal and ventral anterior hypothalamus,
thus encroaching uponthe area of the hypothalamus which, ih common
with the pars nervosa upon extraction, yields pituitrin and possesses
a characteristic stainability and vascularity (8). Also, it is this area
of the hypothalamus where Scharrer's secretoryneurons are predomi-
nately located (9). Secretory neurons have been described in the in-
fundibulum (10) but not in the infundibular process, yet a considerably
greater yield of extracted pituitrin is derived from the infundibular
process than from the anterior hypothalamus (11).

In the experience of this laboratory it has been.necessary
to impinge upon the ventral portion of the anterior hypothalamus in
addition to removal or isolation of the parsnervosa inorderto achieve
a functional neurohypophysectomy as evidenced by, 1) a well defined
diabetes insipidus (7), 2) a 50 per cent reduction in renal function
(5), and 3) a measurably increased susceptibility to hemorrhage (12).

*It is appreciated that anatomically the term neurchypophysis is used in various ways.
Most often it is used synonymously with pars nervosa }’S’ The usage in this amd related
reports is according to the following schemata which reflect, 1) this laboratory’s experi-
ence in producing experimental neurchypophysial deficiencies, 2) reports in the literature
describing the tissue from which pituitrin has been extracted, and 3) the suspicion that
even though animals exhibit a compensated (clinical) permanent diabetes insipidus they may
not be totally neurohypophysectomized (7). '

NEURCHYPCPHYS IS

A. Pars Nervosa (hypophysial component) .
1, Infundibulum (stalk component).
2. Infundibular process (posterior lobe component) .

B. Pars Hypothalarus (the characteristic vascularity or sécretory neurons in the
central nervous system whichever, if either or both, ;lrrovn to be the rélevant anatomical
chﬂractoﬁltic to be correlated with neurchypophysial function and extraction of pituitrin
potent jal) .

1, Ventral Tuberal and Ventral Anterior Hypothalamus (tungential or supra-optic
nuclei area).
2, Other areas in C.N.S. (Para-ventricular nuclei and/or locus caeruleus, etc.)

et S i
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LEGEND FOR FIGURE 1

A. A photograph of a sagittal section taken from the Pal-Weigert
series on Dog # 202, This section is from a somewhat lateral
position such that the pars anterior is shown without the postezior
lobe being in the field.

B. A photograph of a sagittal section taken from the Maximow
series on Dog # 202. This section is cut through the hypophysis
such that the shrunken and somewhat hollowed infundibular pro-
cess is readily evident. Note the straight line of the scissor cut
through the proximal tip of the pars anterior as indicated by the
arrow.

Note in both photographs the complete absence of, 1) the ventral
portion of the anterior hypothalamus, including the optic chiasm,
2) the tuberal component of the hypothalamus, and 3) the pituitary
stalk (infundibulum and pars tuberalis).
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DOG 202
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ATROPHIED
INFUNDIBULAR
PROCESS

PARS ANTERIOR

|. VENTRAL ANTERIOR HYPOTHALAMIC COMPONENT OF TISSUE DEFECT.
2, VENTRAL TUBERAL HYPOTHALAMIC COMPONENT OF TISSUE DEFECT.
3. HYPOPHYSIAL STALK COMPONENT OF TISSUE DEFECT.

4. SCISSOR CUT.
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The gland distal to the scissor cut (pars anterior, remnant
of pars tuberalis and posterior lobe) was completely shielded from
the coagulating current by virtue of the design and insulation of the
electrode. The isolated adenohypophysis remained in its usual posi-
tion in the pituitary fossa and from visual inspection at the time of
closure did not appear to be disturbed.

The anatomical delimitation of a neurohypophysectomy as
described above is illustrated in Figure 1 wherein photographs of

2 sections taken from the series on Dog # 202 are reproduced.

C. Laboratory Procedures

1. Renal Clearances and Tubular Maxima. - All experi-
ments on renal functions were performed on unanesthetized animals
24 hours after the last feeding.

Glomerular filtration rate and renal plasma flow, as
measured by exogenous creatinine and PAH clearances, as well as
Tm PAH (tubular maximum for para-aminohippurate)were determin-
ed on 2 or more occasions previous to operation and againat inter -
vals after the onset of permanent diabetes insipidus. Creatinine was
determined by the method of Bonsnes and Taussky (13) and PAH by
the method of Smith et al. (14).

Three 10-minute urine samplesg, with blood drawn at
the mid -point of eachperiod, were collected for the clearance deter -
minations followed by 3 such periods for measuring Tm PAH. For
the clearance determinations, creatinine and PAH were injected sub-
cutaneously or constantly infused intravenously in amounts calculated
to maintain constant serum levels of 20 mg per cent and 2 to 3 mg
per cent respectively. For Tm determinations, a constant PAH
serum level of 40 to 50 mg per cent was obtained by injection of a
primer and infusion of an appropriate sustaining solution.

2. Administration of Neurohypophysial Extraction Pro-
ducts.

a. Pituitrin.

1) Aqueous Extract. - An aqueous preparation
of whole gland extract, pituitrin, (Philadelphia Ampoule Company)
was administered to diabetes insipidus dogs exhibiting reduced renal
functions, in total doses ranging from 5to 10 I.U. (.International
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Units). On a given experimental day, glomerular filtration rate and
either renalplasma flow or tubular excretary maximum were deter -
mined immediately before administering pituitrin. Following these
control periods, the totaldose of pituitrin was givenin 2 or more in-
Jections either subcutaneously or intramuscularly and sotimed as to
avoid a transitory rise in blood pressure during the time that the re-
nal function measurements were being repeated.

In 4 of the experiments, blood pressures by
direct arterial needle were measured with the Sanborn electromano-
meter before and 35 to 120 minutes after the injection of pituitrin.

2) Lyophilized Pituitrin. - A suspension of lyo -
philized pituitrin in peanut oil was administered subcutaneously imme-
diately after 3 control clearance periods. One and one half hours
later the clearances were again measured. The exact potency of
these lyophilized preparations was not determined.

b. Pitressin

1) Pitressin Tannate in Oil. = Pitressin tannate
(Parke, Davis) in oil was administered subcutaneously in doses of 5
pressor units every 48 hours. This amount was more than sufficient
to return a diabetes insipidus dog's daily fluid exchange to the pre-
operative status, After several days of controlling fluid exchange
with pitressin, the renal functions were again assessed. To insure
an adequate urine flow when urine flow was restricted by pitressin,
a mild osmotic diuresis was induced by the infusion of a 10 per cent
mannitol solution at the rate of 1 cc per minute. It has been ascer-
tained that such an infusion of mannitol has no effect upon the renal
functions under investigation in the untreated diabetes insipidus dog.

2) Aqueous Pitressin. - In a limited number of
experiments aqueous pitressin (Parke, Davis) was administered
either subcutaneously or by constant infusion. Generally, on the day
of the experiment, pitressin was administered subcutaneously in lor
2 injections in dosages ranging from 5 to 10 pressor units. Except
when pitressin was constantly infused, which was at the rate of 5 to
20 milliunits per minute, the second injection was given at the begin-
ning of the equilibration period previous to the Tm determination.

¢, Pitocin

1) Aqueous Pitocin. - Commercial oxytocic ex-
tract (Parke, Davis pitocin) was administered either subcutaneously
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or by constant infusion before and after which renal functions were
determined. Two to 7.5 I.U. were injected subcutaneously in 2 in-
jections as described for the pituitrin experiments. When pitocin
was constantly infused following the pre-therapy control periods the
animals received 0. 04 I. U. per minute for the remaining time of the
experiment,

2) Lyophilized Pitocin. - In one instance a dia-
betes insipidusdog received a single injection of lyophilized aqueous
pitocin suspended in peanut oil, immediately after ascertainingits
,renal clearance values. These determinations were repeated 1.5
hours, 24 hours and 1 week after the single injection.

d. Oxytocin. - The most highly purified extract of
oxytocin available, prepared by du Vigneaud (15), was administered
to 2 diabetes insipidus dogs. On the basis of a previous assay, 1
oxytocic unit of this extract was injected intravenously immediately
after 3 pre-therapy clearance periods. This injection was follow-
ed by constant infusion of 0. 04 oxytocic units per minute before and
during the remaining 6 urine collection periods.

The exact degree of oxytocic activity of this ex-
tract was not determined at the time itwas used, buthad been assay-

ed by du Vigneaud some weeks previously. Atthat time it contained
5 oxytocic units per cc (16).

III. RESULTS

A. Attainment of Neurohypophysectomy

The neurohypophysectomized animals recovered unevent-
fully from the anesthesia and required no special nursing or thera-
peutic care other than keeping water continuously available.

1. Diabetes Insipidus. - On recoveryfrom anesthesia the
animals exhibited an immediate, well defined, diabetes insipidus
which persisted indefinitely except for the characteristic and pre-
dictable transientdisappearance of a fewdays duration, usually from
the 6th to the 10th day after operation.

Table 1 contains representative 24-hour fluid intake
and urine output volumes and urine specific gravities for each animal
before operation and during permanent diabetes insipidus. Note that
all 11 operateddogs showed a strikingincrease in the water ingested
and urine excreted with a markedlydecreased urine specific gravity.

g
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TABLE 1
REPRESENTATIVE FLUID EXCHANGE VOLUMES
BEFORE AND AFTER OPERATION

UNOPERATED — DIABETES I'STPID'S
Nombor | 'colpuhra | ‘co/se bk | Spidr. | ‘coloe hre | ot he | SpoGr.
(14 Kg) 410 173 1.054 4428 3517 1.004
a4'kg) 390 306 1.045 3856 3521 1.007
ae k) 400 220 1.055 3234 2739 1.005
as'ke) 454 266 1.087 4768 4362 1.005
usl?& 380 280 Los | 2298 2022 1.003
(1421g2g) 540 0 1.0 5308 4403 1.001
(12°K5) 500 2680 1.045 3778 3441 1.004
(1021%59) 360 140 1.045 3465 2958 1.004
(10°Rg) 380 200 1.040 2622 2435 1,005
(1221%3) 320 160 1.050 3135 2854 1.005
1K) 300 20 1.050 3491 3174 1,004

2. ReducedRenal Functions. - Glomerularfiltration rate,
renal plasma flow and tubular excretory maximum data on 11 dogs
are presented in Table 2. Each value is representative of several
such determinations both before operation and after the onset of per-
manent diabetes insipidus. A marked reduction of these renal func-
tions was encountered without exception in the entire series and per-
sisted to time of autopsy, aslong as 2.5 years postoperatively. Note
that the reduction in these functions following neurohypophysectomy
is approximately 50 per cent, as originallydescribed by Handley and
Keller (5).

3. Absence of Obvious Adenohypophysial Dysfunctions. -

The animals exhibited no other obvious functional deficits exceptpar-

tial or occasionally total blindness depending upon the extent to which
the optic chiasm and/or the optic tracts were coagulated.
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TABLE 2

REDUCED RENAL FUNCT IONS ASSOCIATED WITH
A NEAR-TOTAL NEUROHYPOPHYSECTOMY

UNCPERA TED DIABETES INSIPIDUS
Dog G.E.R.* | R P.F.*" Te PAH***| G.F.R. R.P.F. Tm PAH
Number cc/Min cc/Min ng/Min oc/Min | céMin | mgMin
99 45.6 118.3 17.8 26.8 85.8 6.5
100 62.2 163.4 14.5 32.7 96.6 8.3
128 §7.3 154.9 - 34.4 90.1 -
130 68.3 182.3 42.6 132.8 -
153 39.4 115.0 - 2.2 70.9 -
202 47.0 145.1 15.0 30.2 86.0 9.8
204 60.0 195,1 17.8 28.9 106.1 6.9
205 42.3 116.1 10.4 29.9 82.8 §.7
206 48.3 124.6 16.4 29.9 97.2 8.8
222 39.4 114.8 12.8 21.3 6l.8 5.5
245 49.8 120.1 - 32.2 86.0 -

G.F.R. - Glomerular filtration rate.
** R.P.F. - Renal plasma flow.
*** Tm PAH - Tubular excretory maximum,

a. Insulin Tolerance Within or Near Normal Range. -
Eight of the animals were subjected to a series of insulin tolerance
tests, the results of which are presented in Table 3. Seven of the 8
animals showed a detectabledecrease in insulintolerance; 3 animals
tolerated only one half unit, 3 tolerated only one fourth unit and one
(# 245) tolerated only one tenth unit per kg body weight. These are
measurable reductions in tolerance from the 1 unit per kg predictably
tolerated by the mongrel dog (17). However, in magnitude such re-
ductions are neglibible when it is remembered that 1/40th to 1/100th
of a unit of insulin per kg elicits major convulsions in near-total
hypophysectomized animals, resulting in the necessity of glucose
therapy for survival.

TABLE 3

INSULIN TOLERANCE.TESTS IN EIGHT DIABETES
INSIPIDUS AND TWO HYPOPHYSECTOMIZED DOGS

Dog Insulin Administered (Units per Kg)
Nusber Test A i Test B Test C
100 1/4 1/2 1+
153 /4 1/2 1
202 1/4 1/2 I
204 1/4 /2

205 1/4 1/2*

206 1/4 1/2 1*
222 174 /2

245 1/10 1/4*

198°** 1/40 (Hypoglycemic Death)
201** 1/40 (Hypoqu’:.lic Death)

*  Glucose Therapy
** Hypophysectomized

B N
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b. Presence or Absence of Sexual Regressicn. - The
change in coat to a soft, infantile texture which characterizes the
hypophysectomized animal was not seen inany of the diabetes insipidus
dogs in the series. Sexual regressionwas inevidence in some of the
preparations andnot in others (see data in Table 4). Some of the ani-
mals periodically exhibited signs of estrus with vaginal bleedingand
swelling of the external genitalia. One dog (#153) was bred and sub-
sequently whelped a litter of 5 normal appearingpups. The pupsdied
in a matter of a few days apparently because of inability to obtain suf-
ficient milk from the mother. The mammary glands were developed
and the pups suckled normally.

Gross and/or macroscopic post-mortem examina-
tions of 10 of the animals are summarized in Table 4%, Five of these
had normal appearing genitalia with no indications of atrophy. In
these animals inspection of the ovaries revealed that all stages of
ovum development were clearly distinguishable including corpora
lutea. The genitalia of 3 of the remaining animals examined were
somewhat smaller than one might expect but were not markedly de-
creased in size. Histological examination of these ovaries revealed
the presence of all stages of ovumn development except corpora luteae
Whereas the genital tracts of one dog (# 222) appeared normal, the
cystic ovaries of this animal found at necropsy were typical of those
often associated with senility.

Such indefinite anatomical indications of sexual
hypofunction might reflect either partial sexual regression resulting
directly from the experimentallesion or early stages of senility since
2 of these particular animals (#99 and #222) were known to be several
years old.

c. Absenceof Adrenal Atrophy. - Gross and histologi-
cal examinations of the 10 animals auwopsied revealed no evidence of
adrenal cortical atrophy (see Table 4).

4. Neurohypophysial Tissue Defect at Necropsy. - The
results of macroscopic inspection of the area of the tissue defectin
the dogs which came to autopsy are summarized in Table 4. Photo-
graphs of representative sections from the series on one of the dogs
(#202) are reproduced in Figure 1.

* Post-mortem examinations were made independently by F. A.
Miller, Captain, M. C.

PRI . P

g

S

—“4{/



TABLE ¢
MACROSCOPIC NECROPSY DATA i
—Neurohypophypia Adenchypophysis |

Pars Nervosg ngg;m),gm. . Infarction Genital
Infundibular [Ventral |Ventral Pars of Pars [Adrenal |Tracts and

Dog
Number | Infund ibulum Process [Tuberal |Anterior |Tuberalis | Anterior ICortices | a

o

99 Absent Shrunken  Moderate | Moderate Absent Trace Normal {Non- :

Infarc- | Infarc- Functional® .

tion tion '

100 Absent Hol lowed Pblent Absent Absent Moderate | Normal |Functional ;

128 Absent Hol lowed [Absent |Absent Absent Moderate | Normal |Functional !

R 130 Absent Shrunken %hlent Absent Absent Trace Normal --- i
153 Absent Shrunken  [Absent |Absent Absent Trace |Possibly |Functional

Hyper - (whel
trophied | pups

. 202 Absent Hollowed iAbsent |[Absent Absent Trace Normal |[Non-
Functional
205 Absent Hollowed [Absent |Absent Absent Moderate | Normal |Functional
206 Absent Hollowed Absent | Intact Absent Trace Normal |Functional :
222 Absent Hollowed: [Absent |[Absent Absent Consid- Normal |Non- N
erable Functional i
(senile ;
appear ing)
245 Absent: Shrunken [Absent |Moderate Absent Consid- Normal |Non-
1 Infarc- erable Functional
tion

*Non-funct ional designates ovaries which do not show maturation compatible with ovulatiom.

B. Effectof the Administration of Neurohypophysial Products ‘
Upon Renal Functions. ,

1. Pituitrin

a. Aqueous Extract. - The effect of administering
the posterior lobe total extract upon the reduced reral functions
of 6 neurohypophysectomized animals is presented in Table 5. A
complete or near complete restoration of the reduced clearances
was observed in all 6 dogs. Althoughpituitrin therapyconsistent-
ly and markedly elevated the tubular excretory maximum for PAH,

X this function was not always completely restored to preoperative {
, levels.
3 ¢ b. Lyophilized Pituitrin. - The administration of

& lyophilized pituitrin to 2 diabetes insipidus animals was found to
) elevate the reduced clearances to pre -neurohypophysectomy levels. '
' E - Four animals were subjected to arterial puncture blood pressure , it

measurements before and atintervals (35, 60, 80 and 120 minutes)
after comparable doses of pituitrin. A detectable elevation of blood
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pressure was found to occur in several experiments 35 to 60 minutes
after administration of pituitrin. However, such transitory eleva-
§ tions in blood pressure appeared to bear no relationship to the in-
' crease in renal functions. Such a supposition arises from the fact
that 80 to 100 minutes after the injection of pituitrin, during which
time the renal functions were elevated, blood pressures were not
found to be elevated from the pre-therapy values.

TABLE §

PITUITRIN (AQUEOUS) THERAPY
DIABETES INSIPIDUS DQGS

D Remal Preoperative Pe; t D.I. Pituitri i

Nu:ger Functions V:lun ‘F"r':?‘?'ll:orcpy Hta;;“ z

G.F.R.* 47.0 277 47.1 X

202 R.P.F.* 145.1 82.8 127.6 ‘
(14 Kq) Tm PAH** 15.0 8.1 10.3
G.F.R. 60.0 28.9 50.0
R 204 R.P.F. 195.1 106.1 184.2
(12 Kqg) Tm PAH 17.8 6.9 12.7
G.F.R. 42.3 29.9 1.9
205 R.P.F. 116.1 82.8 115.9
. (10 Kg) Te PAH 10.4 5.7 10.0
s G.F.R. 48.3 29.9 50.3
‘ 206 R.P.F. 14.6 9.2 124.0
i (10 Kg) Te PAH 16 4 8.8 12.3
: G-F.R. 39.4 2.1 36.0
i 222 R.P.F. 114.8 60.7 75.9
i (12 Kg) Tm PAH 12.8 5.6 9.3
G.F.R. 49.0 31.0 67.0

245 R.P.F. 120.0 .0 .
(14 Kg) Ta PAH - Q. 145_0
* cc/minute *
**mg/minute

2. Pitressin

a. Pitressin Tannate in Oil. - Representative renal
‘ i function values of 5 diabetes insipidus dogs on pitressin tannate (oil)
P therapy are tabulated in Table 6. It was routinely observed that ad-
!

iy ministration of 5 pressor units of pitressinin oil every 48 hours was
f sufficient to completely abolish the polyuria and polydipsia of the
! EE . diabetes insipidus syndrome. However, it is apparent from the data

o presented that such a therapy regime had no obvious effect upon the
: reduced filtration rate, renal plasma flow and Tm PAH.,
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TABLE 6

PITRESSIN (OIL) THERAPY
DIABETES INSIPIDUS DOGS
Permanent Pitressin
Dog Remal Preoprrat ive Diabe tes in 0il
Number Funct ions Values Ihsipidus Therapy
G.F.R.® 45.6 26.8 29.3
99 R.P.F.* 118.3 85.8 85.1
(14 Kg) Tw PAH** 17.8 6.5 9.4
G.F R. 47.0 30.2 33.0
202 R.P.F. 145.1 86.0 $7.0
(14 Kq) Twm PAH 15.0 9.8 9.7
* G.F.R, 60.0 28.9 29.3
204 R:P.F. 195.1 106.1 87.5
(12 Kg) Tm PA 17.8 6.9 6.5
G.F.R. 48.3 29.9 32.8
. 206 R.P.F, 124 .6 97.2 107.5
(10 Kqg) Tm PAH 16.4 8.8 8.0
G.F.R. 39.4 21.3 23.0
222 R.P.F. 114.8 61.8 3.3
(12 Kg) Te PAH 12.8 5.5 4.2
* cc/minute

** mg/minute

b. Aqueous Extract. - Datafrom short-duration experi-
ments in which aqueous pitressin was administered are presented in
Table 7. Relativelylarge doses of aqueous pitressin administered on
the day of the experiment had no clear-cut effect upon the reduced
renal functions of 4 neurohypophysectomized animals. A very slight
elevating effect was observed in some experiments in which very
large doses of pitressin were administered which, it is felt, could be
attributed to pitocin contamination of the pitressin.

T R TR WA

TABLE 7

PITRESS IN (AQUEOUS) THERAPY
DIABETES INSIPIDUS DOGS

Perrapent Aqueous
D Renal Diabetes Pitressin
Nu:z" Functions Insipidus Therapy
G.FR.* 28.0 25.9
205 R.P.F.* ®.8 90.1
(10 Kqg) Te PAH** 4.5 5.5
G.F.R. 27.2 30.1
( 222) R.P.F. 61.5 66.5
(12 Kg) Twm PAH 5.6 6.4
G.F.R. 53.6 §3.2
130 R.P.F 148.1 140.7
(15 ¥qg) Twm PAH 11.0 10.9
G.F.R. 42.5 42 .9
100 R.P.F, 115.8 122.6
(14 Kg) . T PM . 7.9
*  oc/minute
** mg/minute
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3. Pitocin

a. Aqueous Extract. - Data on the effect of pitocin
administration upon the renal functions of 6 diabetes insipidus dogs
are presented in Table 8. Pitocin was found to be just as effective
in restoring the reduced clearances and Tm PAH as was pituitrin.

Isolated experiments in which a greater lapse of
time (1.5 to 2 hours) was allowed between the administration of the
oxytocic extract and the clearanceperiods resulted in more consist-
ent and complete restoration of the reduced functions than the data
presented in the table indicate. .

TABLE 8

PITOCIN (AQUEOUS) THERAPY
DIABETES INSIPIDUS DOGS

“Permanent

D Renal Preoperat ive Diabetes Pitocin
Nu:gor Functions Values Insipidus Therapy
G.F.R.* 47.0 27.7 s1.7

202 R.P.F.* 145.1 82.8 153.6
(14 Kg) To PAH** 1s5.0 8.1 13.5
G.F.R. 60.0 28.9 49.0

204 R.P.F. 195.1 106.1 162.6
(2 Kg) Ts PAH 17.8 6.9 10.3
G F.R 42.3 29.9 45.0

205 R.P.F. 116.1 82.8 104.4
(10 Kq) Tw PAH 10.4 5.7 5.9
G.F.R. 48.0 29.9 50.8

206 R.P.F. 124.6 94.0 128.6
(10 Kg) Tm PAH 16.4 8.8 10,5
G.F.R. 39.4 24.1 40.0

222 R.P.F. 114.8 60.7 8.6
(12 Kg) Tw PAH 12.8 5.6 8.6
245 G.F.R 49.0 31.0 61.0
(14 Kg) R.P.F 120.0 89.0 144.0

*  cc/minute
** mg/minute

b. Lyophilized Pitocin. - One animal (# 245) whose
creatinine and PAH clearances had been assessed the previous day
was given a single intramuscularinjection of lyophilized pitocin sus -
pended in peanut 0oil. Two hours after the injection the renal clear-
ances were found to be restored to pre-diabetic levels, Twenty-
four hours later, with no further therapy during the interim, the
clearances were still elevated to pre-neurohypophysectomy levels;
whereas 1 week later they were again reduced to half.
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4, Oxytocin. - A highly purified extract of the oxytocic
fraction of the posterior lobe extract, prepared by duVigneaud, ( op.
cit. ) completely restored renal clearances and markedly elevated
the Tm PAH of 2 dogs.

IV. DISCUSSION

A. Extirpation Deficit -- Successful Replacement Therapy

The effective restoration to normal of the reduced renal
functions associated with neurohypophysectomy by administration of
pituitrin affords evidence that the reduction in renal clearances is
directly due to a deficiency in a principle normally supplied by the
neurohypophysis. This is a straight-forward example of an extirpa-
tion deficit which is remedied by replacement therapy. Thefinding
that the replacement principle is contained in a highly purified frac-
tion of the total extract of the neurohypophysis renders the evidence
reasonably conclusive.

The possibility seems remote that the reduced clearances
are due to a selective involvement of the adenohypophysis, i.e.,
equivalent to the sexual hypofunction which frequently obtains follow-
ing a hypothalamic lesion without other adenohypophysial deficits
being present as obtained in the series of dogs in this report (see
Table 4) (18, 19). If a selective dysfunction of a particular cellular
constituent of the adenohypophysis were responsible there would be
the same incidence and magniiude of lowering in clearances following
a series of hypophysial stalk sections. This is the case with sex
atrophy butdecidedly not so with renal clearances. The precipitation
of a 50 per cent reduction in renal clearances clearly correlates with
encroachment of the tissue defect upon the hypothalamic component
of the neurohypophysis rather than with the macroscopic encroachment
upon, or infarction of, the adenohypophysis. Thus, sectioning the
pituitary stalkdoes not cause a lowering of renal clearancesnor does
this procedure precipitate diabetes insipidus; a mild encroachment
upon the ventral hypothalamus following a stalk section precipitates
diabetes insipidus without associated lowering of renal clearances,
and a moderate encroachment upon the hypothalamus subsequent to
the sectioning of the stalk predictably precipitates the 50 per cent
decrease in renal clearances as well as diabetes insipidus.

In addition, if the reduced renal clearancesin the neurohypo-
physectomized dog were the result of a selective ''neighboring' in-
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volvement of the adenohypophysis, the successful elevation of these
functions to pre-neurohypophysectomylevels by pitocin could only be
explained on the basis of pitocin being contaminated with the effective
adenohypophysial replacement principle, namely, a ''growth'" (2) or
"adrenotrophic’ (4) principle. This seems improbable because there
is little or nolikelihood that pitressin would be free of such contami-
nation if pitocin were so contaminated and the molecular weights of
the adenohypophysial principles are many times greater than those
of the posterior lobe principles; accordingly, there would be greater
proneness for adenohypophysial extractions to be contaminated with
the neurohypophysial principles than vice versa. In fact, it is known
that certain growth (20) and adrenotrophic (4, 21) extraction products
are contaminated with assayable amounts of posterior lobe principles.

There is also the possibility, which seems remote, that
renal clearances per se are relatively labile and any deviation from
an even physiological keel causes a non-specific drastic reductionin
these functions. If this were the cause of lowered clearances in the
neurohypophysectomized dog, then one would expect that controlling
the diabetes insipidus with pitressin would return physiological stabi-
lity and also the clearances. Also, the successful reversal of the
clearances by pitocin would then have to be explained on the basis of
a purely coincidental pharmacodynamic property of this extraction
product.

B. A Physiological Role for the Oxytocic Principle

If the interpretation of the foregoing outlined physiological
role for the oxytocic principle is correct, then here is an explana-
tion for its existence in the male of the species as well as in the
female. Previously, the only suggestion for a physiological role for
this chemical factor was centered around its '"'uterine stimulating'
and "milk let-down' pharmacodynamic properties. Inthe latter con-
nection it is suspected thatthe failure of the neurohypophysectomized
dog to raise its pups was directly due to a deficiency in "milk let-
down'' ability.

The fact that normal parturition occurs in the presence of
well defined neurohypophysial deficiencies adds to one's suspicion
that the neurohypophysial principles are not totally lackingin the type
of neurohypophysectomized preparations described above and else-
where (5, 7, 12). If thisis not so then it must be concluded that the
"uterine stimulating'' property of pitocindoes not have the physiologi -
cal importance previously projected, namely, that its presence is
essential for the initiation of parturition,
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The finding of separate and distinct extirpation deficiencies
which are selectively remedied by the pitressin and pitocinfractions
of the total neurohypophysial extract may help to clarify the long-
standing question as to whether the active constituents in the two
fractions of pituitrin are separate and distinct endocrine principles
or aremerely chemical fragments broken off a parent substancedur-
ing the extraction and separation procedures.

V. SUMMARY AND CONCLUSIONS

Glomerular filtration rate, renal plasma flow and tubular maxima
are strikingly and predictably reduced by a neurohypophysectomy
procedure in the dog whichdoes not produce obvious adenohypophysial
dysfunction.

Renal functions in suchpreparations are effectively restored to
preoperative levels by administration of the total extract of the neuro-
hypophysis (pituitrin) as well as by its oxytocic fraction (pitocin).

Administration of the pressor fractionof the total extract (pitres-
sin) has no effect on renal functions in these neurohypophysectomized
preparations,

The foregoing data are compatible with the interpretation that
the lowered renal activity is due to an extirpation deficiency in the
oxytocic neurohypophysial principle and that restoration of renal
activity by pitocin to the pre-extirpation level constitutes directre-
placement therapy.

If the foregoing interpretation is correct, the finding affords a
physiological explanation for the occurrence of the oxytocic principle
in the male as well as the female. Previously, the only suggestion
for a physiological role for this chemical factor was centered around
its demonstrated ""uterine stimulating' and ''milk let-down' pharma -
codynamic properties.

V. RECOMMENDATION

The anatomical basis for the selective precipitation of physio-
logicaldeficiencies in the active principles found in the two fractions
(pitressin and pitocin) of the total extract of the neurohypophysis
should be further investigated.
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