
University of Nebraska Medical Center University of Nebraska Medical Center 

DigitalCommons@UNMC DigitalCommons@UNMC 

MD Theses Special Collections 

1957 

The Use of an oral hypoglycemic agent mellitus The Use of an oral hypoglycemic agent mellitus 

Bernard Authur Beber 
University of Nebraska Medical Center 

This manuscript is historical in nature and may not reflect current medical research and 

practice. Search PubMed for current research. 

Follow this and additional works at: https://digitalcommons.unmc.edu/mdtheses 

Recommended Citation Recommended Citation 
Beber, Bernard Authur, "The Use of an oral hypoglycemic agent mellitus" (1957). MD Theses. 2215. 
https://digitalcommons.unmc.edu/mdtheses/2215 

This Thesis is brought to you for free and open access by the Special Collections at DigitalCommons@UNMC. It 
has been accepted for inclusion in MD Theses by an authorized administrator of DigitalCommons@UNMC. For 
more information, please contact digitalcommons@unmc.edu. 

http://www.unmc.edu/
http://www.unmc.edu/
https://digitalcommons.unmc.edu/
https://digitalcommons.unmc.edu/mdtheses
https://digitalcommons.unmc.edu/spec_coll
https://pubmed.ncbi.nlm.nih.gov/
https://digitalcommons.unmc.edu/mdtheses?utm_source=digitalcommons.unmc.edu%2Fmdtheses%2F2215&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.unmc.edu/mdtheses/2215?utm_source=digitalcommons.unmc.edu%2Fmdtheses%2F2215&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@unmc.edu


TD USJI o:r AN OBAL BYPOGLYCJMIC 
.AGD! ('fOLlm.AllIDI) 

I1f TD MAIUGJMJII! OJ Du:Bm'JBS MELLI!US 
�7 

!enard .A.. le'ber

A the■i1 preaented to the tacu1,7 of 
the College of  Medicine, UniTer■it7 
ot Webrulal., in p,.r,ial fulfillllent 
for the degree, Doctor of Medicine 

Ou.ha, :le'bratlal. 



I wieh to expree■ WI graUtwle aad apprecia\ion \o 
Dr. Me7er lle'ber for 111■ guidance and directioa ot 
thi■ project. I al■o vi■h \o thank \he louglaa 
Count7 Bo■pital and it■ la'borator7 ■tatf for-their 
willing cooperation in the compilation of the data 
presented in thi■ thee11. I am grateful to Mi■■ 
lloee lenolda for her ach'ice in prepariac tha grapu 
and photoaicrographe, an.d io Mr. luberl P. &1oT&Cch1ni 
for hie aid in the epecial etaining technique■ ued. 
MT thanlca to lfhe l.JpJolm Col!lpe,D7, Xalaasoo, M1eh1gan,· 
for it■ generoua ■uppl.J' of Orinaae {tolbutuide). 



'.rilLE 01 CO!l!fDTS 

IlffRODUCTI01' 1. 

CASll PRESDTAT IOHS 8 

DISOUSSIOH 1,S 

SUMMARY 24 

COBOLUSIONS 2.5 

GRAPHS 26 

PRO'fOMICROGRAPllS 29 

BIBLIOGRAPHY 35 



....., 

._., 

. .._.. 

I:N'l'RODUC'.rION 

Diabetes mellitus it characterised by certain changes in carbohydrate, 

fat and protein metabolism. (10, 36) 

The diabetic shows e depletion of body carbohydrates due to loss 

of glucose from the body. (8) The liver glycogen stores are diminished, 

and in addition, there appears to be a lack of phosphorylated glucose 

intermediary metabolites. (15) 

The changes in fat metabolism are apparently intimately connected 

with the carbohydrate derangement. (8, 15) The body fat depots are decreased 

with increased oxidation of fat and increased production of ketone bodies 

( acetoacetic and B-hydro:qbutyric acids). There is little product ion of 

fat or fatty acids from ca'°bohy'drate. It would appear that "lipogenesis 

is dependent upon efficien~ glycolysis". (15) A hyperlipemia is sometimes 

present with an increased 9erum cholesterol level and fatty infiltration 

of the liver . 

The body protein stores are also de~leted in the uncontrolled 

diabetic. (J, 10) There is failure both of storage and of synthesis, and 

an increased amount of ni t1·ogen is lost from the body in the urine. The 

increased serum amino acid level sometimes found in the diabetic probabl7 

results from decreased ~rotein synthesis, though it may be due to increased 

rate of protein catabolism. (36) This amino acid rise may also reflect 

a primary or secondary liv£r dysfunction. 

All of the above-mentioned carbohydrate, fat and protein changes 

are reversible by administration of insulin. 

There are apparently several different means of classifying diabetes 

mellitus. The more widely used classification, one which can be utilized 
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for the great majority o: diabetics, is essentially descriptive and 

consists of three rather distinct sym:ptom complexes. (12, 39, 40) 

Lawrence describes these three types as folloYs. 

2 

Type I: The diabet.es of these patients usually begins before the 

age of 40, and is often ~eferred to as juvenile diabetes because of the 

frequent onset before th~ age of twenty. The type I diabetic is subject 

to ketoste, but is also ,,ery insu1 in-sensitive.. His usual daily insulin 

requirement is 40+ uni ts per day, about eq_ual to the need of a totally 

pancreatectoruized human. Renal, ·,ascula.r and ocular complications are 

not often seen in this t.ou:p. The hepatic changes most often seen, 

even w1th control of the diabetic state, 1s fatty metamorphosis, though 

this is by no means a constant finding. Another point is that the 

insulin requirements generally increase as the disease progresses regard-
' 

less of diet control. Lawrence also includes in this group those patient 

who fit the above descrip~ion but who have insulin needs of between 60 

and 100 units per day, in additi~n to the rare patient who requires 

hundreds or even thousand~ of units per day. This latter highly insulin

resistant phase is transient and the patient later reverts to his usual 

diabetic state. (22) On the basis of various clinical and laboratory 

observations Lawrence believes that the basic defect in type I :pa.tiants 

is a pancreatic insulin deficiency. In those who are ineulino-resfstant 

this deficiency is complicated by the presence of some insulin antagonist. 

T~e II: This diabetic is generally an obese wo~-~. older than 

forty years of age. (Some are between twenty and forty.) The women 

outnumber the men two to one. These patients commonly complain of 

poly~hagia. polyuria and polydypsia prior to diagnosis. They are not 

,; 
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subject to ketosis. These patients are often referred to as adult 

diabetics, though Lawrence suggests the term lipoplethor1c$ The adult 

diabetic can usually be ~ontrolled by diet and weight reduction 9 but 

3 

may also require insulin in amounts somewhat less than 40 units per day. 

This patient, while not subject to ketosis except in the face of 

infection, coronary thrombosis, or low carbohydrate diet, is heir to the 

various complications of liabetes, such as vascular lesions, retino:pe.thy, 

cataracts and nephro~t~- There are no ty-pical or constant hepatic 

changes seen in this group. The condition of the liver is dependent upon 

the nutritional state of the patient, the degree of control of the 

diBbPtes, and the duration of the diabetes. It would seem that the type 

II diabetic ~roduces endogenous insulin, according to laborRtory and 

clinical findin£s. 

Type III: This is a very rare type of diabetes usus.lly having its 

onset in children and younr adult1. These :patients ha~e no ketosis, but 

are hy-perglycemic and insulin-resistant. The most striking physical 

feature is the absence of fat depots. For this reason, Lawr€nce terms 

this ty~e lipoatrophic diabetes. :E>ven though fat depots are lacking, a 

marked ~erlipemia is pre8~nt when there is a.n existing hT,perglycemia. 

If the diabetes is adequately controlled by sufficient insulin, the 

li~emia drops to normal lev~ls. Hepe.tomegaly with eventual cirrhosis and 

possible splenomegaly are also present, as is an increased basal metabolic 

rate ~~thout thyrotoxicosis. It is not known whether or not these :patients 

produce an active insulin. 

Another =ethod of clas~ification is based on the amount of excretion 

of choline in the urine. (191 Czalcy found choline excretion increased 

in the so-called adult diabetic. with or without fatty livers, and normal 

)1 
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or decreased in other diabe~ics. Though it is not kn.own whether or 

not hepatic abnormalities a~e primary or secondary findings in diabetes. 

it is well recognized that tn certain cases treatment directed to the 

liver, e.g. i the use of li:p,tropic agents, may control the diabetes. 

(21. 4), 48) 

Himsworth divide& diabetes into two categories. (31) These are 

inB~lin,...sensitive---tho~~ wi~h an a~solute lack of insulin-~nd insulin.-

insensitive--.those with a l!i.ck of -;ome sensitizing factor, or possibly 

(a) an excessi~e amount of glucose released from the liver overwhelming 

the insulin present, (b) lack of glucose storage capability in the 

liver, or (c) inability of insulin to act, for whatever reason. He felt 

thElt ingestion of carbohydJ-ates caused the body to become more sensitive 

to insulin by elaboration ef an insulin-sensiti~ing factor. The 

diabetes could thus result from a deficit of insulin, or a relative or 

absolute 6Xcessive demand for insulin. 

The suggestion has been made tbB.t diabetes mellitus in the elderly 

r.iatient is only a reflecti(n of a compensatory increaEe in bloon sugar 

secondary to decrea~ed celJ membrane ~et111eability. (66) It has b~en 

sho't\•n that the :~ate of u:,;r, of _N-d phera.1 glucose remains the same at 

1,01~,-;a.l as well as increaser blood sugar lev<~ls~ 

There are severF:.1 wel: established met ho els of producine: d1atl'ltlfs, 

tt:u1..:-f'h the basic metabolic defect is still obscure, even in tbeE"e ce.:;ies. 

:·;:;,-,,·n,!"tectomy ,1111 ct1:use l iabetet by eliminat.1ng the Islets of Lanr:erha.ns. 

Acrdn:l.st:t"ation of alloxan , ill accomplish the same result. An e:xcess of 

!'i.ntf,r'or r,ituitar;r hormone., either endogenous or exogenous, will produ•e a 

diabetia state. Growth ho~'!llone seems t• act directly while the effect of 

a.drent-corticotronic horm.one (ACTF) h mediated throu,zh the adrenal cortex. 
~ -

Hy:peradrenalism o:r a.dmini19•ration of cortisone may cause diflbetes. The 

# 
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thyroid gland seems to be implicated also in that the hyperthyroid 

patient may show hyperglycem~a and increased production of ketone bodies~ 

(36) But the serum choleste-~ol and blood lipid levels in these individuals 

are normal or decreased rather than increased. 

There are some who believe that the basic defect in the diabetic 

lies in the sulfhy"dryl metabolism. (32) It has been shown that colloidal 

sul~hur in small doses will lower blood glucose levels (29) and that 

glutathione mq reduce the experimentally induced }Wperglycemia of ACTH 

administration. Glutathiont also -protects the beta-cells of the Islets 

of Langerhans from the toxic effect of alloxan. (42) Lazarow showed that 

anterior pituitary extre.ct '.njectfon causes a decreased glutathione 

content of the tiBBues 9 as ,1.oes ACTH. Re also demonstrated that thiouracil 

and tbyroideetomy caused in~reased concentrations of free sulfhydryl 

groups in the tissues and thus protection of the beta-cells against alloxan 

toxicity. Insulin also causes an increased glutathione level, and 

thiouracil ha.s some beneficial effect in mildly diabetic rats. The 

possibility is suggested that the diabetes of some patients bas an extra

pancreatic origin and only later is there beta-cell involvement. 

It has been shown that liver homogenates from starved or fat fed 

rats a.re capable of destro;ving insulin activity at a lesser rate than 

homogena.tes from carbohydrate fed rats. (62) It bas also been observed 

that many diabetics have a subnoma.1 circulating insulin and. excrete leas 

insulin than the normal. )n this basis, a group led by Mirsky suggests 

that in the majority of diabetics. the disease process is due to an 

increased rate of tissue destl"Uction of insulin by the enzyme insulinase. (52) 

Ever since Banting and Best first reported the hypoglycemic action 

of a pancreatic extract h. 1922, attempts have been made to explain the 

11:11·• ... I• 
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mode of a,ction of insulin-it is still not clearly understood. (4) 

Oneof the more widely accepted explanations is that given by the Cori 1s. 

(17, 18, 69) They demonstrated that insulin was ca:pa,ble of releasin~ 

hexokinase from inhibition by a hormone elaborated by the anterior 

yituitary. This results in incr~ased production of glucose in its 

active form, glucose-~ph~sphateQ It has been shown since that time, 

howeve~, that there is no difference between the hexokinase activity of 

normal or alloxan diabeti~ animals. (61) This explanation, therefore, 

may be questionable.. It 1as been suggested that insulin causes an in

creased cell permeability; thus allowing glucose to enter the cell for 

metabolism. (44, 62) Ano-~her group su:p7')orts the idea that insulin ac:te 

u~on the glucose-glycogeci equilibrium in the liver, favoring a shift to 

the right. (41) 

Attempts have been r1ac1_e to correlate liver function studies and 

histologic appearance of -;he liver with duration of diabetes and insulin 

sensitivity. (28, 70, ?l) While results are not conclusive, the 

indication is that while :.iver function studies may not give a true 

:picture of the microscopic appearance of the liver, the degree of fatty 

metamorphosis often parallels insulin insensitivity, and also correlates 

somewhat with duration of the diabetes and obesity of the patient. It 

does not correlate at all with the previous control of the diabetes. 

It bas been demonstrated that destruction of the hypopeysis causes 

amelioration of the diabetic state, as does adrenalectomy, with subsequent 

increased sensitivity to 1nsulin. (15, 17, 62, 69) Steroid diabetes, i.e., 

one produced by hyperadre~alism or by administration of cortisone, is 

insulin insensitive. (11) 

Best seems quite im~ressed with the apparent relationship between 

the growth hormone and inslll.in. (q) Gro~~h hormone causes protein 
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anabolism, and insulin is e~sential for this activityo (17, 36) In 

normal animals there is an :ncreased secretion of insulin in response 

to ad.l!linistration of somato·:ropin. In the absence of somatotropin, 

insulin is itself capable o:? acting as the growth hormone. This 

relationship needs further ~xploration. 

7 

For many years attempts have heen made to find oral therapies for 

the treatment of diabetes mellitus. Various oral insulins have proved 

either ineffective or impractical. (46) One of the first substances to 

be explored was Synthalin, ·'i. gua.nidine compound. Its hypoglycemic 

effect was due to hepatotoxicity with a subsequent derangement of glycogen 

synthesis. It was soon found, however, that Synthalin was too toxic and 

its use ~as abandoned. 

In 1942 Janbon found, while studying the therapy of typhoid fever. 

that a thiodiazol sulfonamide was ~ble to cause a hypoglycemia in some 

of the -patients. (80) Following this, Loube.tieres and others investigated 

a number of related eom-pourids and found many to be effective in cauBing 

hypoglycemic reactions. (27, 4?, 81) In 1955, the use of :p-a.mino

benzene-sulfonamid.o-butylurea (:BZ55, Carbutamide) for the control of 

diabetes, replacing exogenous insulin was reported. (1, 7, 24) Unfortunately, 

in 1956 it was shown to be too toxic and was removed from clinical use. 

A similar non-bacteriostatic compound, 1-butyl-J-:p-tolylsulfonylurea 

(D860, tolbuta:mide, OrinasE), also having by-poglycemic effects in diabetic 

:patients, is at present unc1.ergoing clinical and laboratory evaluation. 

This :paper presents a series of diabetic patients treated with tolbutamide. 
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CAS'1j PRESENTATIONS 

Si:x diabetic }?atients, two men and four women, ranging in age from .54 

to 77 years, were placed on Orina.se 1"outine while in Douglas County HoepH.al 

for various problems other th3.n diabetes. The known duration of the dia

betes ranged between 14 days and 22 years. None of these patients had 'had 

preV'ious episodes of diabetic coma. In order to better select the patients 

for the Orinase therapy prio1· to actually placing them on the tolbutamide, 

an oral 110rinase test n was Pf':rformed. (16) Thie consisted of cessation of 

insulin therapy for three da:ra. On the morning of the fourth day, the 

fa.sting blood sugar l~vel wa.q deternined, and the 1)8.tient was then given 

three grams of the oral hypo.2;lycemic agent. If at the end of four hours, 

the blood sugar had decrease! by 201& or more• the chances were that this 

patient would respond favorably to Orinase. It has been previously 

demonstrated, however, that this is not a com~lately reliable test, and that 

all patients with onset of ciabetes past the age of 20 deserve a trial 

period of tolbutamide beforE declaring them unsuitable for this regimen. 

(20, 45) As it turned out, the diabetes of two patients with responses of 

less than 2{f,h was not well ~ontrolled after two weeks of Orinase therapy, 

while one patient ha.d a resc,onse of less than 2~ and was well regulated 

b;r Orinase. At no time haV",1 any o:"' the :patients exhibited either clinical 

or laboratory signs of toxi~ity. snch as skin rash, malaise, fever, renal 

dysfunction. red blood cell or whi~e blood cell depression, or abnormal 

he~atic function tests attr1butabl3 to the Orinase therapy. These patients 

hBv~ been on Orinase ~lus the diabetic diet control for periods of between 

32 a"1i1 12.5 d.ays. In all it stances, the oral ~oglycmnic agent :')lus 

d1Bh•tic t1.1et were used to completely re:9lace the insulin progra.m. Im:necti

at,,·l:, fo Uowing the Orlna.;::., test. the dosa.ge of Orinase was reduced_ daily 

unHl by the fourth day, a level c,f l.O gm. -per day was given. The amount 

was later varied as deemed necessary. 

ii 
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Following the descriptiou of each :patient is a table in which are 

recorded the results of the routine laboratory tests made in conjunction 

with evaluation and control of each patient. The values are eJC!)ressed 

in gram i, milligram~. or% of normal, as appropriate. The following 

abbreviations are used: FBS (fasting blood sugar), Cholest. (cholesterol), 

TSP (total sel"Ulll protein), A/G (albumin/globulin), ceph. floe. (cephalin 

flocculation), BSP (bromsulfE-.lein), and Proth. (prothrombin). 

l) J.F. This is a modr.rately obese 54 year old white man who 

entered the hospital for repair of sn inguinal hernia. A routine urine 

check coupled with an elevatF-d blood sugar, sluggishness and weight loss 

of 6 pounds in the past three:i months disclosed a previously undiagnosed 

case of diabetes mellitus. ~is diabetes was controlled with 25 units of 

NPH insulin per day. The fasting blood sugars ranged between 160 mg.i 
and 124 mg.i while on insuli~ theraw. On the 28th hospital day, the 

Orinase test was carried out. The ~esponse was an 11~ drop in blood 

sugar. Liver biopsy with Silverman needle was taken after 20 days of 

Orinase therapy. Control of diabetes was excellent with 1.0 grams 

Orina.se daily. See Fig. 1. 

Hosp. 
days 

28 
35 
42 
49 
56 
60 

F::BS Cholest. 
& 

esters 

110 282/172 
112 302/180 
110 296/176 
100 290/178 
94 302/200 

TSP A/G 

5.30 :.06/2.24 
5 .. 0.5 ; • 9?/2. 08 
5.05 -:.?n/2.35 
5.65 ;:.88/2. 7? 
4.55 ;~. 88/1.67 

11? Patient discbarsed 

48 hr~ 
ceph. 
floe:. 

-----

45 min. 
BSP 

0 
0 
0 
0 
0 

Proth. 
time 

90 
100 
94 
90 
90 

2) M.B. This is a we"~l nourished, not obese, 54 year old white 

woman who entered the hospi-~al with generalized arteriosclerosis and 

peripheral vascular insuffi!iency. She had had a right mid-thigh 

amputation two years earlier for gangrene. The diagnosis of diabetes 

mellitus had been made 22 y~ars a.gr., and she was controlled on 35 Ullits 

] 
l! 
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of NPR insulin per day plus diabetic diet. Her fasting blood sugar levels 

normally ranged between 110 a~d 170 mgm.%. On the 5th hospital day she 

was given the Orinase test~ rhe res~onse was a 2'/$ drop in blood suga.re 

A liver biopsy was performed. with a Silverman needle on the 26th day of 

therayy. Control of diabetee was excellent with dosage of 1.0 gram. 

Orinase daily. See Fig. 2. 

Hosp. FBS Cholest. TSP A/G 48 hr. 45 min. Proth. 
days & ceph. BSP time 

esters floe. 

5 212 261/160 5.45 ?.?0/2.,5 - 0 100 
13 113 
19 97 260/158 5.8.5 ~~-97/2.88 .... 0 94 
26 113 258/154 5.20 ;~. 97/2/-;,3 ... 0 95 
33 11? 256/150 5.05 :~ .. 88/2.17 - 0 100 
38 Patient discharged 
39 110 248/148 5.65 :·?. 97 / 2. 68 - 0 90 
45 106 250/150 5.,65 l.10/2.55 ... 0 95 
52 106 203/125 5.65 !. 70/2/95 - 0 100 

3) L.S. This is a mod,3ra.tely obese 71 year old white man who 

entered the hos~ital with pa~sinusitis and atrophic rhinitis. Diagnosis 

of a.iabetes mellitus was road 3 after a :positive routine clinitest of the 

urine and a. subsequent elevate<:', (175 mgm.~) blood sugar level. Re was 

at firet controlled on 25 ur.its of ,l>H insulin ~er day plus diabetic 

diet. Ris fastin~ blood ~w-ar levels normally ranged between 110 and 

tJ!. ~ i:'. r; ri,r:,:n. fl. .J.,., . -._, On the 50th hos:ital day he was given the Orinase test. The 

re O:)onse was a 2tfo dro:p in 1 lood sut:a:r. Control of diabetes was satis-

fectc,ry on 1. 25 grams Orine., e daily. See Fig., J. 

ti;--; fY<. ]!'BS Cholest. TSP A/G 48 hr. 1+5 min. Proth. 
de;rs & ee:ph. BSP time 

esters floe. 

5:i 112 185/11? s.65 2.79/2.86 ..... 0 100 
60 13.5 185/lnP 6.86 3.20/3.65 ... 0 100 
67 143 
77 120 210/130 6.oo 2. 70/3 .. 30 tr 0 94 
86 Patient d.ischar;::t:t1 
91 145 186/110 6.50 3. ?.5/3. 25 +-t 0 100 
98 141 210?27 6.85 J.45/3.40 tr 0 100 

105 14J 221130 6.85 3.86/2.99 tr 0 100 

'·/ 
} 
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llJ 147 162/100 7.1; 3.65/3.50 tr 0 100 
119 150 6.8~ 3.55/3.30 - 0 100 ,.., 126 126 220/132 6.2( 2.70/3.50 - 0 100 
133 143 205/127 6.6c 3. 25/J. ~5 - 0 100 
14o 150 221/132 6.4c J.45/2.95 - 0 100 
147 145 181/128 6o2C 3.35/2.85 - 0 100 
154 1.55 220/130 7.65 3.35/4 .. 30 - 0 100 
161 168 190/128 6.oc 3.00/1.oo - 0 100 
168 162 183/130 5.85 2 .. 45/J.40 ... 0 100 
175 177 180/129 6 .. 6c J.45/3.15 - 0 100 

4) A.H. This is a well noarished, not obese, 64 year old Negro 

woman who entered the hospital with a plantar abscess and a diagnosis of 

endarteritis obliterans. She had had a mid-thigh amputation of her left 

leg J years ago, and she h~d been controlled on 20 units of NPH insulin 

per day plus diabetic diet. Her fasting blood sugar normally varied between 

120 and 140 mgm.'!,. On the 95th hospital clay she was given the Orinase 

test. The response was a ?% dro:o in blood sugar. A liver biopsy was 

~erf'ormed with a Silverman need.le after 113 days of Orinase therapy. 

Control of diabetes was ex,~ellent on dosage of 1. 0 gram Orine.se daily • ....,, 
See :Pig. 4. 

Hosp. FBS Cholest. TSP A/G 48 hr. 4,5 min. Proth. 
days & ceph., BSP time 

esters floe. 

95 124 221/120 6.oo 2. 79t,. 21 - 0 94 
105 131 199/98 7.20 3. 06/4.14 - 0 94 
112 128 
l;',2 120 210/115 6.40 J.25/3.15 - 0 90 
134 110 162/114 5..85 2.79/3.06 - 0 94 
136 Patient discharged 
l~l 164 168/76 6.40 3.15/7,. 25 tr 0 88 
148 l&::" 196/94 7.35 .3.15/J.i,.20 - 0 90 _,,:;, 

1;;:<s 196 143/90 6 .. 85 J.15/:.?0 - 0 94 _; _, 

16J 14J 210/120 6.60 J.25/3.25 tr 0 94 
169 127 198/100 6.40 3.06/3.34 - 0 94 
176 139 181/88 ?.45 2.88/4.57 - 0 90 
18J 147 192/102 6.4o 3.15/3.25 - 0 90 
190 132 203/110 6.60 J.06/3.54 - 0 90 
197 168 196/106 6.oo 2.85/3.15 - 0 94 
20L 162 210/100 6.li-O 2.90/3.50 .. 0 94 
211 147 200/112 6.oo 2.0?/J.93 - 0 100 
218 177 196/106 6.20 3.06/3.14 - 0 95 

._, 22.5 165 
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5) J.A. This is a tlightly obese, 75 year old Negro woman who 

entered the hospital with an upper respiratory- infection. She had had 

diabetes for 20 years, a.nc was controlled by 10 unite of NPH insulin par 

day with diabetic diet. Eer fasting blood sugar levels normally ranged 

between 110 and 190 mgm.%. She had diabetic retino-patby and an occasional 

cast in her urine. On the 26th h~spital day she was given the Orinase 

test. The response was a '4-4~ dro~ in blood su.ga.r. Control of diabetes 

was excellent on dosage of 1.25 grams Orinase daily. See Fig. 5. 

Hosp. FBS Cholest. TSP A/G 
days & 

esters 

110 278/145 6.60 J.06/:.54 
164 221/114 7.15 J.06/L.09 
150 
143 320/215 6.50 2.97/:/53 
Patient discharged 

48 hr. 45 min. Proth. 
ceph. BSP time 
floe. 

0 
0 

100 
94 

26 
16 
4J 
53 
62 
6? 
74 
81 
89 
95 

148 312/200 7.35 3.06/4.29 
148 349/255 7.15 J.25/;.90 
160 369/260 6.85 3.15/3.70 -
145 320/210 6.?0 3.45/;.25 
147 380/250 6.60 3.25/3.35 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

90 

94 
94 
94 

100 
100 
100 
100 
100 

102 
109 
116 
12J 
lJO 
137 
144 
151 

132 369/265 6.60 J.06/;.54 
147 375/270 6.85 3.35/3.50 
135 380/256 6.4o J.35/3.05 
145 344/144 6.oo 2.91/3.07 
145 370/256 6.oo 3.15/2.85 
147 340/238 6.60 2.97/3.63 
131 360/250 6.oo 2.70/3.30 
139 350/245 5.65 2.70/2.95 

95 
100 
100 
100 
100 

6) M.D. This is a mcderately obese, 77 year old white woman who 

entered the hospital for removal of cataracts. She had h.,,vperten~ion and 

arteriolar nephrosclerosis. The diagnosis of diabetes had been made 1 

year previously. She was c~ntrolled by 35 units of NPH insulin per day 

with diabetic diet. Her fasting blood sugar levels normally ranged 

between 130 and 170 mga.~. On the 27th hospital day she was given the 

Orinase test. The response was a 40'1, drop in blood sugar. Control of 

diabetes was excellent on d1sa.ge of 1.25 grams Orinase daily. See Fig. 6. 
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Hosp. FES Cholest. TSP A/G 48 hr. 45 min. Proth. 
days & ceph. BSP time 

esters floe. 

27 105 320/215 5.6~ 3. 35/ ;;. 30 - 0 100 
J8 183 330/235 6.4C 3.35/3.05 - 0 100 
45 150 
49 Patient discharged 
54 198 298/180 5.65 2.70/2.95 - 0 94 
61 193 306/224 5.85 3.35/2.50 - 0 88 
68 160 330/200 6 .. oo 3.15/2.85 - 0 90 
75 191 268/188 5.75 3.35/2.40 - 0 100 
76 Return to hospital for second cataract removal. 
83 199 
90 131 303/202 5 .. 55 3.06/2.49 - 0 100 
97 1.3.5 298/182 5.20 2.9?/2.28 - 0 100 

105 117 
115 Patient discharged 
119 184 312/200 5.20 3.06/2.14 - 0 95 
126 177 298/185 5.35 2.45/2.90 - 0 90 
lJJ 177 206/120 5.20 2.97/2.23 - 0 90 
140 147 250/120 6.10 J.40/2.70 - 0 94 
146 148 235/110 5.75 2.53/).22 - 0 95 

Three liver biopsies were obtained using the Silverman needle. A 

~ortion of each tissue was fixed in Carnoy 1s solution, and the other :part 

in formalin-calcium chlori(le solution • The tissues were sectioned at 

5j,{. and then stained routinely with hemato:xylin-eosin (Figs. 7-9). In 

addition they were stained for glycogen with Best's carmine (Figs. 10-12) 1 

and for lipids with oild rPd O (Figs. lJ-15). All biopsies were taken 

2 hours after a normal meal. Tissues were obtained from J.F •• M.B .• and 

A.H., as noted above. All of the tissues appear to be well within normal 

limits, both on the basis cf histological a'!)!)earance and histochemical 

staining reactions. There are, however, differences within the group. 

J.F. showed a little fatty infiltration with a heavy deposit of lipid 

droplets and a small amount of glycogen deposition. He also had a very 

slight amount of periportal round ~ell infiltration. M.B. showed a very 

little fatty change with only an occasional vacuole and a moderate number 

of stained 11,1d droplets, with slightly more glycogen deposition than 

J.F. There was a very mini~al amo1mt of ~eriportal round cell infiltration. 
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A.H. showed minimal fatty changes with a lesser number of lipid droplets 

than the other two, and only a rare vacuole. The glycogen deposition in 

this case was the heavies'.'; of the three patients. There was no evidence 

of periportal inflammation. The fat and glycogen distribution was uniform 

throughout the tissues with no peripheral or central lobular pattern. 

The only apparent recipro~al arrangement was with regards relative quantity 

of fat and glycogen. It was noted, 'in addition to the above findings, 

that the liver of J.F. showed many nuclear vacuoles, that of M.B. very 

few, and that of A.H. almost none~ These vacuoles were interpreted as 

glycogen deposition within the nuclei.* However, they did not take the 

stain for either glycogen )r fat. Since intra-nuclear glycogen vacuoles 

are not a constant finding in diabetes and since there is no apparent 

correlation between dura.tir'>n of diabetes• severity of the diabetes. or 

degree of control a.nd the finding of these vacuoles, little significance 

was attached to their urese,nce. (6.5) All three patients did display, 

however, an occasional, smell intra,..nuclear granule of glycogen, as 

demonstrated histochemically. There seemed to be no difference between 

patients, in this respect. None of the biopsy material showed any signs 

of cytotoxicity. 

*The author is indebted to Drs. H. w. McFadden and C. A. McWhorter for 
this and other observations concerning the tissues • 
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DISCUSSION 

The role of the oral by9oglycemic a.gents is still being explored 

and explanation of the mode .,f acti"n of these compounds is a subject 

still requiring much work. Certain observations are well agreed upon, 

others are contro~ersial. 

Tolbutamide seems to gi~e best results in those diabetics who might 

have been controlled by weight loss and diet alone, and therefore in the 

adult, obese diabetic patient. (45) It can be used in other patients 

also, and each diabetic prob~bly deserves a trial with a sulfonylurea 

before it is concluded that he can 1ot be aided by it. (58) !he duration 

of the diabetes does not see~ important. Some workers feel that if it 

r..as been :present 20 years or more, tol1'•1 tamide will not bt> effective, 

but there is disagreement, and the 1orrelation between duration and 

efficacy of a su.lfonylurea is not well established. (16, 68, 74) The 

age of the patient at the onset of the disease process correlates much 

better (see below). It bas been fa~rly well demonstrated that those 

patients who have been in acidosis Rre generally not aided by tolbutamide. 

(45) In the present series ~o attempt was ma.de to see if the insulin 

dose could be reduced in patients trucing Orinase. The interest centered 

onl:r in those patients who c '.>uld be com1)letely freed from the use of 

insulin. The severity of th9 diabetes, therefore. played a !)art. Ori.nase 

is a~~arently able to replace up to 30 to 35 units of insulin per day, 

and may be useful in reducin~ the i?1sulin requirements in :patients usi_ng 

100 or more units per day. (54, 76, 88) It is also reported as having 

decreased markedly the insulin requirement in a li~oatrophic patient. (50) 

The main circumstances in whtch an 1ral sulfonylurea is of no value at 

all involve times of stress, as wit~ an acute febrile infection, and 
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acidosis. (58) Aside from clinical ~valuation, a laboratory method of 

determining potential efficac7 of to:butamide is the Orinase test as 

previously stated. The Orina.se can be given either orally or intra

venously. After the test dosn, if the blood sugar h d.epressed 20'!, or 

more, after oral administrati,,n, or z6% or more, after intravenous 

administration, the :r,at:i.ent h !)roba'bly a suitable candidate for trial. 

(13, 16) The intensity of th£ response, however, is no absolute guide 

to the final dosage. One wor~er uses the criterion of absence of 

ketonu.ria 24 hours after stopping insulin as favoring a good response to 

sulfonylurea thera~y. (76) Mogt :patients are well controlled on 1.0 

gram of Orinase per day, eithe~ in single or divided dosage. Some have 

been maintained on a.s much as J.0 grams :per day with good results. The 

dosage has an inversely- :proport.ional relationship to the fasting blood 

sugar in most instances.. Howe,-er, the physician should not allow the ease 

of administration of an oral hy:poglycemic agent to lull the patient into 

a sense of false security rega~ding non-regulation of diet. In the 

series reported here, the blood sugar levels were usually decreased by 

repeated and detailed diet instructions, rather than by an increased 

Ori nase dosage. 

Though almost every diabet~c should be tried on an oral sulfonylu.rea 

regimen before stating eategori,·.ally that he is not suitable for this 

type of therapy, it is well estnblishec that the juvenile diabetic (all 

of those with onset at less that. 20 years of age, and 1/3 of those with 

onset between 20 and 40 years of age) -will not respond to the sulfonylu.reas. 

This observation in itself giver some insight into a possible mode of 

action of tolbutamide (see below). Som~ investigators, however, have 

claimed f;,vorable results with a few juvenile diabetics. (5, 20, 35) 
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There are relatively fe\r contraindications to the use of tolbutamide. 

As noted above, it is uselest for treating a patient in acidosis or an 

increased blood sugar associated with stress. Patients with ulcer symptoms 

sometimes experience an exaccerbation of discomfort when placed on tol

butamide, and sometimes a der~atitis may flare up. (20) One worker, how

ever, reports that a diabetic :patient with ulcerative colitis has had no 

recurrence of the colitis dur~.ng 9 months of Orinase use. (88) 

Side effects are infreguPnt. With tolbutamide they are generally re

ported as occurring in less tran 1% of cases. (74, 82, 88) Only rarely is 

a leukopenia seen, and it may be corrected by sim~ly discontinuing the 

Orinase therapy. (25) In one instanc~, the Orinase was resumed with no ill 

effects. Dermatitis rarely oc~urs. ~here have been a few cases of Jaundice, 

but none definitely attributab:-:.e to the tolbutamide. There have been no 

reports of "sulfa" toxicity or of renal com~lications. Hypoglycemic re

actions are unusual, but when they occur can be treated with oral or 

intravenous glucosee An incipient ketosis, based on routine urine checks, 

can be treated with insulin in the usual manner. It must be remembered 

t:hnt oral sulfony-lurea therapy represents a new therapeutic re~imeni and 

that the effects of long term auninistration are not yet known. 

Laboratory methods have be~n employed in the attempt to explain the mode 

of action of the sulfonylureas. In many reerpects the results are contrcvcrsial. 

The princi:pa.l ~othese~ as to i heir action include a.nt1-glucagon agents, 

antagonists to diabetogenic horroones, inhibitors of hepatic enzyme systems, 

insulin-like action, anti-insuli uase agents, and stimulants to insulin 

:production. 

One of the earlier interpre~ations regarding the mechanism was that they 

acted as anti-glucagon agents, e".ther peripherally or by attacking the 

al'.')ha-cells of the pancreas directly. (1, ?, 24) Gluca.gon, it will be 

ren1embered, is a substance probally produced by the :pancrea.t ic al-pha-
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cells which is said to cauAe an increased blood sugar level by a lytic 

action on liver glycogen. 137) Most of the evidence today is against 

the anti-gluca.gon expla.nat1on. Tolbutamide yroduces no hypoglycemic effect 

in severe alloxan die-bet ic animals, nor does it block the hy:pel:'glycemic 

effect of administered gluc4gon. (9, ?8) The pancreas of the tolbutamide 

treated animal has a normal glucagon content, a.ncl the alpha-cells show 

n.o histologic evidence of any change after a course of Orinase administration. 

(6, 59) 

A number of workers havs inves~igated the action of the sulfonylureas 

on hormones and endocrine gl~nds capable of producing a hyr)erglycemic 

state. The conclusions reached regarding adrenal and -pituitary glands 

a.re fa1rly well agree:'! upon, namely, that tolbutamide does not a.ct to 

depress the adrenal or pituitary systems. (26, 60, 75) In fact, an 

animal is rendered mo1e sensitive to tolbuta.mide (just as to insulin) by 

adrena.lectomy, and the hyperglycemia. caused by cortisone administration. 

is unaffected by sulfonylure&.f;. (33, 79) Also, both normal and h._v_po

~hyeectomized dogs show an eq~al response to sulfonylureas; and, 

tolbutamide does not affect tle increased blood sugar caused by the 

diabetogenic factor of the anterior ~ftuitary. {73) The effect of the 

sulfonyluree.s on the thyroid tfLand dOf>S not seem quite so clear-cut. 

Tolbutamide appears to have a nild a.nti-thyroid effect, as indicated by 

a slight decrease in :protein-bc-und iodine value and radio-a.ctive iodine 

"pickuptt, but with levels remaining within normal limits. (14, 38, 49, 5?) 

It should be recalled that thfo,iracil or thyroidectomy causes an in

creased concentration of free S'ufhydryl groups in the tisesues. The 

higher level a:p-_pa.rently :protect, the beta-cells of the pancreas and may 

ce.use a. decrea.sed blood sugar. This !)8.rticu.lar phase of ection -proba.bly 

deserves further investigation. 
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Another locus of actbn has been :proposed for Orins.se, namely the 

liver, but most of the evi<i.ence is against this expla.nation. It was 

suggested that tolbutamide inhibited hepatic gluconeogenesis and 

hepatic release of glucose, or that there was improved hepatic glucose, 

ketone body and fatty acid atilization. (59, 60, 86) It has been well 

demonstrated in vitro, howe~er, that tolbutamide has little effect on 

glucose-6-phosphatase activlty and that the concentration of tolbutamide 

needed to inhibit glucose :p:;--oductfon from liver slices is excessively 

high. (2, 6, 63) (Ap:plicatitn of ir: vitro results to in vivo circumstances 

may be done only with cautitn.) Dulin observed that tolbu.tamide WS.$ able 

to exert a by'poglycemic effect in hepatectomized animalst a,nd that in fasted, 

intact animals. tolbutamide ~aused decrsased blood sugar with an increase 

in liver glycogen content. {'.,5, 83) In normally fed rate. tolbutamide 

caused decreased blood sugar with diminished liver glycogen. No muscle 

glycogen changes have been o1ser-ved with tolbutamide administration. (51) 

Also against an hepatic site of action is the absence of variation from 

normal in the liver function tests. {77) In the ~resent series there 

a.re no a,bnormalities which ca1 be attributed to Orine.se therapy. It should 

be noted here that the geriat'.'ic :pat1ent may normally show e.n inverted 

or decreased serum A/G ratio. (34) Yicrosc~~ic study of liver biopsy 

spectmens revealed neither ev'dence cf disturbed morphology in teneral. 

nor cytotoxicity in particular. One ~ather interesting and possibly 

significant observation has been made concerning the detoxified form 

of tolbutamide. Orinase is ex~reted. nlmost entirely in the urine. The 

d.eto::dfied conjugated form is '.'>-carbo,:y-be11zene-sulfonamido-butylurea. 

(78) It is highly- soluble and there:fcre the chances of crystalluria 

are slight. (23) The excreted substance is apparently without metabolic 

ll
j 
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effect. Kinsell reported that of two juvenile diabetics treated with 

tolbutamide, one had a gooi response while the other did not. (3.5) In 

the first case, the greate~ yart of the com~ound was excreted in its 

conjugated form. In the Bf~contl, the greater part was excreted free. 

The possibility of an insulin-like action has been suggested for the 

sulfonylureas, but the ma.jct'ity of re:ports do not su-p-port this idea. 

{26, 44, 78) Aside from the previously mentioned observations that the 

sulfonylureas are ineffectbe against the hn:,erglycemia associated with 

glucagon, cortisone, anterinr :pituHary extract injections or severe 

alloxan diabetes, several other phenomena have been reported which are 

inconsistent with an insulin-like action of tolbutamide. There is no 

~otentiation of exogenous insulin ad.ministered to labile diabetics, 

though it is potentieted by ·,_igh doses of Orinase in normal and pa.ncrea

tectomized animals. (32, 38, 81) Sulfonylureas are without effect in 

eviscerate animals. Tolbuta.mide dots not stimulate glucose uptake by 

muscle 1.n vitro, as insulin eoes. (67, 89) The blood pyruvic and lactic 

l'!.ctd levels are unchanged, ani the glucose tolerance test curve is e:i ther 

unchanged or slightly raised·,yOrinase. (.57, 59, 78, 85) 

One group of workers favors the idea that the sulfonylureas act by 

inhibition of insulina.se, the hormone which destroys insulin. {53. 54, 

55, 81) Mirsky believes that the inhibition is on a non-competitive 

bash:, Rnd. therefore, advises 1. great deal of caution in the use of the 

sulfonylurea.s. If it were tru.• that ,nost diabetes is the result of in

creased destruction rather than dimin1shed !)roduction of tnsu.lin, as 

Mirsky contends, then it might be susrected that more diabetics, notably 

juveniles, could be aided by Orinase, ~nd also that more adult diabetics 

would have decreased circulatins insul1.n levels than a.re reported. (30) 

The explanation offered by Mirsrey for failure of Orinase in juvenille 

I\ 
,: 
t 
I 
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diabetics is that the contin°1ed increased dema.nds for insuU.n have ex

hausted the beta-cells of th·1 :pa.ncrPas, so that i.nsulin is no longer being 

:produced. (54) While high dnses of Orinase may potentiate exogenous insulin, 

and there nay be a prolonged hypoglycemia with exogenous insulin plus 

Orinase in :patients previous~y u.nreeponsive to tolbuta.mide, the fact re

mains that the juvenile diabttic ie not eenerally aided by the oral 

sulfonylureas. Mirsky repor-t s decreased insulinase e.ctivi ty of the liver 

60 minutes after giving tolbttamide, but Vaughan reports no such anti

insulinase activity in vitro. (63, 84) 

The action of Orinase wHch has received the grea.test study and which 

seems to be acce:9table to most "'orkers is the.t the s-ulfonylureas stimulate 

product ion and release of in1:nlin by the beta-cells of the :pancreas, even 

though Best is of the opinion that there is no increased insulin production 

or relee.se~ (9) Since no blo-:,d -pyru'tfic or lactic acid level changes 

occur after administration of tolbutamide, Moorhouse concludes that either 

therA is no increased insulin production, or that exogenous insulin 

differs from endo ~nous insul '.n in c~rtain pronert ies. a conclusion not 

without merit. (56, 85) It may be tb.a.t the effect is similar to the 

beta-cell stimulation caused ry carboh,_vd.rate or protein ingestion. (29) 

Eimsworth found that repeated small intravenous doses of carbohydrate 

caused an increased insulin Sf'nsitivity. (:31) The -pos;;ibility exists tha.t 

continued stimulation of bet.c-cells may lead to their exhaustion. How

ever, Beaser re!)orted that after 6-10 months of therapy with Orina.se, 

several diabetic patients were return~d to their previous insulin dosage, 

indicating no loss of Islet cell function. (72) It has also been noted 

that "most materials which st i nulate -:.nsulin secretion will, when given 

over a :period of time, stimula·;e the p:rowth of the Islets in the rat." (3) 

I .;, 
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Administration of BZ55 to rats 'l\ras observed to cauee an increase in 

Islet size. (80) It has al~o been renorted that a diminution of beta

cell granulation occur:r-ed frllow1D€ a.d.m:i.nistration of the 1ulfonylureas. 

(64, 90) This finding was interpreted as indicating increased insulin 

productiona The observation that t;lbutamide has no effect in pancreatec

tomized animals coupled with the fact that jubenile diabetics generally 

do not respond is certainly ~ompatible with the idea that endogenous 

pancreatic insulin must be p:·esent !f sulfonylureae are to exert 

hypoglycemic action. (68, 79. 80, 81) tt should be recalled that both 

depancreatized and juvenile ciabetics generally use a.bout 4o units of 

insulin per day, and that the !)8.?lcreas of the juvenile diabetic often 

shows complete fibrosis or hyalinization of the Islet.eof Langerhans. 

The effects of tolbutamiie on the deposition of liver glycogen, as 

mentioned earlier, are compattble with the theory of an increased 

production of insulin, as are the hi~tochemical and histologic studies 

of liver biopsies re~orted in this ,2per~ While all liver s~ecimens 

ap~eared to be within norma.l :imits, it is interesting to note that the 

patient receiving tolbutamide for the shortest period of time, 20 days, 

had thA most fatty infiltratlon and t~e least glycogen. while the liver 

of the !)8,tient receiving tolbu~amide ~or the longest period of time, 

113 days, had the least fatty ~nfiltrntion and the most glycogen. The 

liver of the patient receiving Orinase for 26 days was approximately 

intermediate between the other two, but closer in appearance to the 

liver of 20 days therapy. See Figs~ 10-15. 

On~ observation that seem€ to be ~om:i_::atible with any of the Rbove 

SU;-;ge,sted. m~ch2.nisms of action 1f tolb"1tamide is t};.at a number of patients 

who recieived a course of oral sllfonylurea therapy had no apparent. need 

for inculin after the sulfonylu:•ea was discontinu~d. (8?, 88) 
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The -phenomenon which i1 not rf>adily understandable in the light of 

any one of the hypotheses a:one is that tolbutamide ruay replace 30-35 

units of insulin in some '!)a.tients, 9.nd u:p to 1500 units per day in others, 

as seen in a lipoatrophic diabeticQ 

It would seem that the sulfonylureas are capable of exerting a hypo

glycemic effect in more than one manner. At the present time, however, 

the preponderance of evidenc,~ seems to fav0r the mechanism of an increased 

insulin production, in all p,·obabil:lt.;r by the beta-cells of the Islets 

of Langerhans. This and the other suggested mechanisms will be more 

clearly defined only after a great deal more work both with insulin and 

the or~l ny-poglycemic agents. 

i1~1 
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~UMMARY 

1. A series of six adult diabetic ?atients ranging in age from 54 to 

74, with newly discovered ani long ~tanding cases of diabetes is presented. 

The patients had previously )een controlled with diet regulation and 

insulin dosages of from 10 t1 35 un.!-ts. All of these patients were placed 

upon an oral sulfonylurea (O .. inaae) routine. Of these patients, 5 had 

had positive Orinase test ref-:ponses. while 1 had not. 

2. Between 1.0 and 1.25 gra~a of Orinase per day were required in addition 

to diet regulation for adeqUflte control of the diabetes. 

3. Liver biopsies were ta.ken from three patients after 20, 26. and 113 

days of Orinase therapy, resp~ctivel7. All specimens showed normal 

histologi.c and histochemkal '.glycogen and lipid) appearance. 

4. Liver function tests were performed on all patients. No abnormalities 

attributable to Orinase could be demcnstrated. 

5. No untoward side reaction~ were obseNed in any of the patients on 

Orina.se therapy. 



CONCLUSI;JNS 

1. Tolbu.tamide is a suitable oral 1'.lypoglycemic agent for selected, 

adult diabetic patients. 
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2. Tolbutamide plus diet re~ation will replace at least 35 units of 

insulin. 

3. Duration of the diabetes is apparently not well correlated with 

success or failure of tolbutA.mide therapy. 

4. The oral Orinase test is not a completely accurate criterion for 

prejudging the efficacy of tclbuta.mide thera:py. 

5. The absence of a history of ketosis favors chances of the success

ful use of tolbutamide. 

6. The incidence of untoward side effects is less than 1%. 

7. Orinase does not cause ab11ormali -;ies to a:ppear in selected hepatic 

liver function tests. 

8. Orinase does not cause ab 01ormal !1istologic appearance of the liver. 

9. The content and dhtribut'.on of :.i:pid and glycogen in the liver of 

the ~atient on Orinase therap;" are comparable to those of diabetic patients 

well controlled by insulin. 

10. It is suggested that OrinF se acts by stimulating the beta-cells of 

the !)ancreas. 



FIG. 1 J. F. 
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FIG. 3 L.S. 
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FIG. 4 A.H. 
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FIG. 5 J .A. 
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FIG. 6 M.D. 
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EXPLANATION OF PHOTOMICROGRAPHS 

PLATE I 

Hemato:17lin-eoain stain 

It is readily seen that the tissues pictured are essentially normal. 

J.1. has a few more fat vacuoles than has M.B., while A.H. shows

none. x220 
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PLATE 11 

�est•s carmine stain for glycogen 

A.H. is seen to have the greatest smount of glycogen with rather 

distinct granules of the :material. J.T. shows the least gl�oogen 

deposition. and M.B. has only a small amount more. The non-stain

ing lipid vacuoles (A) and intra-nuclear vacuoles (B) are apparent. 

:x:420 

JO 



PLATE III 

011 red O stain for lipids 

The greatest droplet size an,l concentration are seen in association 

with the liver of J.F. The :east amount of lipid is seen in the 

photomicrograph of the liver specimen taken from A.H. The lipid 

content ot the liver of M.B. ia between the other two in density, 

but lies closer to that of J.F. x420 

Jl 
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PLATE I 

FIG. 7 J .F. FIG. 8 M.B. 

FIG. 9 A.H. 
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PLATE II

FIG. 10 J.Fo FIG. 11 MoBo 

IG. 12 A.H. 



PLATE III

FIG. 13 J.F. 

FIG. 15 A .. Ho 

FIG 14 oB. 
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