A Diabetogenic Polypeptide from Bovine
Adenohypophysis Similar to that Excreted
in Lipoatrophic Diabetes

By Lawrence H. Louss, JeroME W. CoNnN aAND MERLYN C. MiNick

A polypeptide has been isolated from
bovine adenohypophysis which antag-
onizes the hypoglycemic effect of
exogenous insulin and which, per se,
induces loss of carbohydrate tolerance
in men and dogs. Mild acid hydrolysis
of the active polypeptide yields a com-
pound which retains the same biologi-
cal properties. Characteristics of the
active principle and its hydrolytic prod-
uct is the long duration of their activi-
ties, the greatest intensity of the effects

being observed between 34 and 60 hours
after a single intramuscular injection.
Both substances are devoid of ACTH
activity. The active polypeptide re-
sembles closely the insulin antagonist
isolated from the urine of patients with
lipoatrophic diabetes previously reported
from this laboratory. Details of the iso-
lation and physiologic effects of the ac-
tive substance and its hydrolytic product
are described. (Metabolism 15: No. 4,
April, 308-324, 1966)

from this laboratory,? the isolation

N RECENT COMMUNICATIONS
I of an insulin antagonist from the urine of patients with lipoatrophic diabetes
has been reported. It also was demonstrated that a similar substance was
present in the urine of a maturity-onset insulin-resistant diabetic without lipo-
atrophy. The substance was found to be a polypeptide which when adminis-
tered to either dogs or man exhibited diabetogenic and anti-insulin effects. The
origin of the active principle had not been determined.

The present report describes a procedure for the isolation of a similar sub-
stance from the anterior lobes of bovine pituitary glands. Like the insulin
antagonist from the urine, the material is also highly active both in dogs and in
man.

MATERIALS AND METHODS

Frozen bovine anterior pituitary glands, obtained from the Armour Pharmaceutical Com-
pany, Kankakee, Illinois, were treated according to the procedure shown in Figure 1. The
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PREPARATION OF FRACTION PI

ANTERIOR PITUITARY GLANDS (250 gmt

Homogenize Irozen glands with 0.5 L 0.1 N HCl in each

of three divided baiches in Waring blendor for 10 minutes.
1| combine ail extracts; add 3.5 L of 0.1 N HCI to make lotal
volume 5 L: stir for 2-3 hours; let stand overnight decant
and centrifuge.

RESIDUE

Wash with 0.1 N HCi;

centrifuge and decant;

add solution to main supernatant.
{discard residue}

SUPERNATANY

2 adjust to pH 5.1 - 5.3 with 2 N NaOH: add 2 vol. of ethanol
let stand 16 - 24 hours: filter in Buchner

SUPERNATANT

(discard} PRECIPITATE
3 bresk into smalt fragments and dry in vacuum; putinto 2 L of
3% acetic acid overnight; homogenize in Waring blendor. Add
2.0 L 3% acetic acid; stir for 4 - 5 hours; cenirifuge and decant
RESIDUE L
tdiscard) SUPERNATANT
4 add 4 gm freshiy washed oxycellulose and sr for 7 - 8 hours
decant and repeat with fresh oxycellulose 2 more times
OXYCELLULOSE
(discard SUPERNATANT

S adjust to pH 4.1 with 2 N NaOH. let stand at 4°C overnight,
centrifuge and decant

-

SUPERNATANT PRECIPITATE
(discard)

—

RESIDUE FILTRATE
agd 200 mi cold 0. IN HCE . . .
mix gentiy, centrifuge and 7 adjust ta pH 4. T with 2N NaOH: let stand at 4°C overnight, centrituge
filter: add solution to main
hitrate; discard residue

&  wash with dist. water 3 times and lyophilize; add 700 mi coid 0. IN HCH imt
stand at 4°C overnight: mix gently for a minute: centrifuge and filter

Fig. 1A

oxycellulose powder (17-21 per cent COOH, Eastman Chemical Products, Inc., Kingsport,
Tennessee) employed in step 4 was kept refrigerated and before use was washed successively
with distilled water, 0.1 N HCL, and distilled water. Electrophoresis of fraction PI on
cellulose acetate reveals 3 bands, a prominent one with minor bands before and after.
Elemental analysis of the compound gives the following; C 48.32 per cent, H 7.18 per cent,
N 15.36 per cent, and S 1.41 per cent. Its isoelectric point is approximately pH 4.1, and the
average yield is 0.05-0.06 per cent.

Dogs were maintained on a constant high carbohydrate diet (454 Gm. of Pard and 75
Gm. of glucose) and the human subjects on a constant 3,200 calorie diet including 300 Gm.
of carbohydrate before and during all testing procedures. Glucose and insulin tolerance tests
were carried out before and at various intervals after administration of the material, Twenty-
four hour urine specimens were collected daily on the human subjects for the estimation of 17-
ketosteroids,® 17-hydroxysteroids,* uric acid,? glucose,6 and creatinine.” The active principle
from the pituitary tissue was prepared for injection in exactly the same way as that
previously described? for the insulin antagonist extracted from urine.

ResuLts

Fraction PI was tested for biological activity on 3 normal dogs. Figures 2 and
3 depict examples of the effects obtained on glucose tolerance and on insulin
tolerance in dogs.
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Continued

PREPARATION OF FRACTION PI

SUPERNATANT PRECIPITATE

{discord) 8 dissolve 1n 200 mi 0.1 NHEI, put into collodion sdc and dralyze dyainst 1ap

water and inally dist. water until complele preciptation. centeihuge

SOLUTION PRECIPITATE

{discarat 9 dissolve in 60 - 70 mt 0.1 NHCL hiler, adjust pH fo 3, 5. et stand 1 nour,

cenlrifuge and hilter

PRECIPITATE FILTRATE
{discard) 10 adjust o pH 4. 1; let stand at 4°C for 2 - 3 hours, centrifuge
ppl is crude P1)
SOLUTION PRECIPITATE
Idrscargt

11 dissolve in 75 ml 0.1 NHCI: adjust pH to 7.4 mth 2 N NaGH; let stand a1 4°C
for 1-2 hors; centrifuge and tilter

RESIDUE FILTRATE
idiscard) 12 20 few drops of 3N HC); adjust pH 1o 3 4-3.5; let stand for /2 hour

cerdlrituge and filter

)

PRECIPITATE FILTRATE
dissolve in 30 mi 0.1 N HCI, 13
lilter, adjust pH t0 3.4-3.5
let stand /2 hour;
centrifuge and filter

adjust to pH 4.1 with dilute NaOH; let stand overnight at 4°C: centrifuge

PRECIPITATE SOLUTION
{discarg) adjust to pH 4. 1; ppt 15 part
of fraction Pl; add o other
portion for further purification

S?;:g?; PRECIPITATE
14 dissotve in 0.INHCI; adjust to pH 3.4; lef stand 42 hour;
centrifuge and filter
PRECIPITATE
iscard) FILIRATE

15 adjust to pH 4.1; tel stand overnight at 4 €. centrituge. wash ppl
wih water and Iyophihze
(Fraction P

Fig. 1B

Fraction PI also induces glucose intolerance and insulin resistance in man.
Tables 1, 2 and 3 show the results obtained when 20 mg. was administered
intramuscularly in a single dose to each of 3 normal volunteers. In each case
the largest degree of carbohydrate intolerance was observed 8 hours following
administration of PI. Table 4 shows that urinary excretion of 17-hydroxyster-
oids, 17-ketosteroids and uric acid did not change significantly.

Insulin tolerance tests were performed on 2 more healthy subjects. This time
doses of 20 and 30 mg. of fraction PI were administered intramuscularly on 2
successive days and the insulin tolerance tests were done 9 and 33 hours after
the second injection. Figures 4 and 5 indicate the marked insulin resistance
which was induced. No untoward reacting to this material was observed in any
subject.

Further Fractionation of Fraction PI. Biological Effects of Fraction PIIIC2
Figure 6 describes the procedure by which fraction PIIIC2 is obtained from
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fraction PI. Elemental analysis of this compound shows C 51.22 per cent, H
7.48 per cent, N 14.66 per cent, and S 1.91 per cent. Its isoelectric point is the
same (approximately pH 4.7) as the urinary fraction IIIC2.

Although fraction PIIIC2 is a hydrolytic product of fraction PI, it possesses
diabetogenic and anti-insulin properties. However, in one set of experiments
on the same dog (Fig. 7, 8 and 9), fraction PI was found to be approximately
twice as potent as fraction PIIIC2.

Biological activity of fraction PIIIC2 was tested on 7 normal young men.
Three of them received a single dose of 11-12 mg. intramuscularly and all
developed glucose intolerance. Figures 10 and 11 show the results of subjects
W. M. B. and J. S. S. Table 5 indicates that urinary excretion of 17-hydroxy-
steroids, 17-ketosteroids, and uric acid did not change significantly.

Each of the other 4 subjects was given a larger single dose (40 mg.) of the
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same fraction. Glucose tolerance tests were performed daily for from 7 to 9
days. Tables 6, 7, 8 and 9 disclose the following: (1) the material induces
carbohydrate intolerance which persists for 2 to 3 days; (2) renal glycosuria
becomes evident; and (3) a resurgence of both (1) and (2) at about the sixth
postinjection day.

A series of insulin tolerance tests were performed on W. M. B. following a
12 mg. dose of fraction PIIIC2, the resuits of which are shown on Figure 12.

A diabetogenic polypeptide has been isolated from bovine adenohypophsis

kv the same nrocedure with which a similar diabetogenic nn]vnpnhﬂp was

21T SQiiiT L ULRULT U WILCIL / Sdllliddl Llabeligtiul prpaie

prevmusly isolated from the urine of patients with llpoatrophlc dlabetes.2 The
physical properties of both compounds are very similar and have isoelectric
points at approximately pH 4.1. Mild acid hydrolysis of both polypeptides
yields a similar active substance which in both cases has an isoelectric point at

annroximately nH 47

appivaiiiaicly pix T,
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Table 1.—Effect of Fraction PI upon Glucose Tolerance on
a Normal Subject J. C. M. (22 years, male, 75 Kg.)

-

HOURS AFTER
INJECTION 20 mg F 1/2 1 11/2 2 2 112 3
Control 81 129 98 85 82 98 87
8 84 174 160 127 119 116 66
(trace) (trace)
33 96 134 151 118 104 87 103
56 79 145 170 114 119 112 104
81 75 126 133 105 105 105 76
105 79 118 128 130 122 116 113
131 79 128 135 120 104 85 94
{trace) (trace) {trace) {trace) (trace)
155 73 130 130 120 113 75 8l
(trace) (trace)
179 74 155 112 119 %6 85 95
(+) (trace) (trace)
84 117 147 123 103 107 78

2
{months)

Table 2.—Effect of Fraction PI upon Glucose Tolerance on
a Normal Subject J. C. M. (22 years, male, 75 Kg.)

HOURS AFTER
INJECTION 20 mg

F 12 1 112 2 2 112 3

L

Control 74 124 118 101 100 97 82
8 85 147 156 156 108 106 89
(trace) (trace) (trace) (trace)
32 84 147 159 114 115 110 104
(trace) (trace)
55 79 123 144 104 109 96 86

{trace) (trace) (trace) {trace)
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Table 3.—Effect of Fraction PI upon Glucose Tolerance on
a Normal Subject L. ]. B. (22 years, male, 68.3 Kg.)

Hours after injection = ,» {1150 2 212 3

20 mg
Control 81 167 145 130 78 93 90
8 82 17 158 113 130 103 92
34 85 154 150 132 123 120 115
58 8 138 143 149 101 118 - 83
104 77 139 135 115 115 89 71

Table 4.—Effect of Fraction PI upon Urinary 17-OHCS,
17-KS, Creatinine, Uric Acid and Glucose

SUBJECT DAY INJECTION [I7-0OHCS I7-KS CREATININE URIC ACID GLUCOSE

mg/doy mg/day g/day g/day g/day

| 0 7.2 22.8 2.59 0.940 1.324

2 0 6.2 22.8 2.37 0.919 1.254

3 0 7.6 22.8 2.50 0.932 1.324

4 20 mg (IM) 6.0 21.6 2.24 0.735 i.104

B.ALG. 5 0 6.6 18.6 2.50 0.795 1.216
6 0 7.4 22.8 2.56 0.786 1.226

7‘ 0 70 19.6 2.49 0.778 1.188

8 0 8.2 19.2 2.47 0.701 1.150

9 0 6.6 8.0 2.52 0.769 1.234

10 o] 8.6 21.4 2.56 0.791 1.274

! (o] 10.8 19.0 1.91 0.772 0.838

2 0 9.4 18.6 1.97 0.806 0.706

JCM. 3 20 mg{IM) 1.6 22.0 2.00 0.805 0.926
4 o 9.8 19.2 2.0l 0.793 0.890

5 0 10.2 22.4 2.0! 0.739 0.926

6 0 9.4 19.2 2.12 0.789 0.890
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PREPARATION OF FRACTION PIiiC2

CRUDE FRACYION Pi (0.5 g) from step 10

dissolve in 100 m10.1 N HCI, put into boiling water bath for 1 hr: cool and
adjust pH to 3.5 with 2 N NaOH; tet stand 1/2 hr: centrifuge

i

SU PERNATANT
adjust to pH 4. 1; let stand 1 hr at 4°C; centrituge, filter

PRECIPITATE
(discard}
PRECIPITATE FILTRATE

wash with water and lyophilize
(use again as frac. PI}

put into collodion sac and dialyze against water until complete precipitation:
centrituge

[

SOLUTION
1discard}

1

PRECIPITATE

dissolve in0.1 N HCt centrifuge and filter; adjust pH to 3. 5: let stand at 4°C
for /2 br; centrifuge

|

l

adjust to pH 4. 1; let stand 1 hr at 4°C; centrifuge and filter

adjust to pH 4.7; let stand 2 - 3 hrs at 4°C; centrifuge

PRECIPITATE

PRECIPITATE FILTRATE
tdiscard}

PRECIPITATE FILTRATE
(discard)

SOLUTION

(discard)

dissolve in0.1 N HCE filter; adjust to pH 4,7 tet stand 1 - 2 hrs at 4°C;
centrifuge; wash ppt with water; Ilyophilize
(Frac. PIIC2)

Fig. 6

The material is not bovine corticotropin since no evidence of adrenal cortical

stimulation was observed. Pure bovine growth hormone does not diminish
carbohydrate tolerance of man.® It has been shown that bovine growth hor-
mone can be altered by chemical manipulation after which it may induce
carbohydrate intolerance in man.® While this possibility exists, it seems an
unlikely one since the isolation procedure employed in our work for the isola-
tion of fraction PI is sufficiently mild that one would not anticipate disruption
of the growth hormone molecule.” Furthermore, the prolonged reduction in

“Dr. Don S. Shalch, School of Medicine and Dentistry of the University of Rochester
showed that our fraction PI has brought about one thousandth the affinity for antigrowth
hormone antibody as BGH.
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Table 5.—Effect of Fraction PIIIC2 upon Urinary 17-OHCS,
17-KS, Creatinine, Uric Acid and Glucose

SUBJECT DAY  INJECTION 17-OHCS 17-KS CREATININE  URIC ACID GLUCOSE
mg/day mg/day Q/doy g/day g/day
| 0 5.8 6.2 1.68 0.834 116
2 ° 6.0 1o 187 0.795 132
3 11 mg(IM) 6.0 8.2 1.83 0.773 1.24
WMB. 4 o} 54 73 1.8 0.729 1.28
5 o 52 5.7 173 0.585 140
6 0 6.2 89 1.36
7 0 64 93 1.28
i 4] 6.0 128 1.59 0.742 0.760
2 0 7.1 109 1.8% 0.838 0.905
J.S.S. 3 12 mg(IM) 6.2 13.4 1.87 0.671 0.900
4 o] 8.2 16.2 227 1.047 1.280
5 0 63 14.4 210 0903 0987
\ 0 8.4 19.2 240 1.009 1.348
2 o 84 158 .85 076 | 1.240
3 ° 7.0 18.2 1.94 0.803 0.960
JGE. 4 12mg(IM) 82 16.4 236 1.042 1,360
5 o 8.2 158 248 0944 1.400
6 0 9.2 178 223 0.868 1.400
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Table 6.—Effect of Fraction PIIIC2 upon Glucose Tolerance on
a Normal Subject J. C. M. (22 years, male, 75 Kg.)

HOURS AFTER
INJECTION 40 mg F 12 1 112 2 2 112 3
Control 83 147 134 102 101 110 88
8 79 151 152 126 115 106 94
(trace) (trace)
32 83 137 165 134 111 114 106
55 74 150 158 130 125 123 100
(trace)
64 80 148 188 189 164 132 116
(trace) (+) {trace)
18 74 151 158 137 120 110 105
102 15 141 185 130 108 113 89
(+) (+) {trace)
126 76 120 139 106 91 87 100

Table 7.—Effect of Fraction PIIIC2 upon Glucose Tolerance on
a Normal Subject R. F. ]. (22 years, male, 59 Kg.)

HOURS AFTER
INJECTION 40 mg F 1/2 1 112 2 212 3
Controf 76 121 101 72 92 105 87
14 8 98 117 79 78 89 83
(+)
38 80 128 133 83 98 90 75
(+) (+)
62 75 122 110 71 67 74 71
{trace) (trace)
86 83 126 134 106 78 76 7
(trace} {(+)
110 75 102 94 4 68 94 79
134 76 129 143 101 17 83 89
(+) (+)
142 91 147 195 222 210 158 109
(++) (++++)
158 69 108 144 17 101 92 75
(+)
81 109 95 87 82 88 93

3
{months)




Table 8.—Effect of Fraction PIIIC2 upon Glucose Tolerance on
a Normal Subject ]. S. B. (22 years, male, 79 Kg.)

HOURS AFTER
INJECTION 40 mg F 112 1 112 2 2 112 3
Control 84 167 131 112 118 68 84
12 87 183 162 144 115 84 91
36 82 172 138 102 107 65 93
60 76 162 131 72 118 53 57
84 78 168 119 87 65 61 65
108 81 168 129 99 14 78 52
116 94 145 179 118 110 93 57
135 78 190 192 157 134 77 110
(+) {+) {trace) (trace}
160 89 219 203 118 116 n 83
(+++) (++)
184 82 211 126 150 85 86 73
Table 9.—Effect of Fraction PIIIC2 upon Glucose Tolerance on
a Normal Subject L. J. B. (22 years, male, 68 Kg.)
HOURS AFTER ;
INJECTION 40 mg F 112 1 1172 2 2 12 3
Control 84 156 129 132 106 108 101
14 83 148 142 114 92 95 104
(+) (+) (trace)
36 84 153 168 172 140 125 86
(+++) (++) (trace)
60 86 178 190 162 140 94 77
(++) (+++) (++) (+) (trace)
84 9 149 144 132 90 121 121
ttracel {trace) (tracel
106 83 148 155 142 134 99 107
(trace! (trace) (trace) (trace)
130 19 147 131 115 105 101 101
(+) (trace)
156 79 132 122 108 80 99 80
228 86 152 112 133 88 93 98
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carbohydrate tolerance induced by fraction PIIIC2 should have been accom-
panied by a rise ot plasma free fatty acids and a fall of plasma amino nitrogen
had the former been the result of a growth hormone effect.

It thus seems likely that the diabetogenic polypeptide isolated from the
urine of patients with lipoatrophic diabetes is of adenohypophyseal origin aad
that it is different from the other anterior pituitary polypeptides known to
diminish carbohydrate tolerance in man.
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