
Ai ABSTRACT OF 'l'flE TBESIS OF 

KENIETH STANTON JOflES M.S. VET. EED. 
____ - - for t- ------ 

(Neie) (Degree) (IIaj.r) 
April lO, 1942 

DOEte Theis presented --------------- 
TkIL HOLE OF HISTAL1INE IN BOVINE MASTITIS 

Ti tie ------------- - --------- - -------------------------------- - 

::;;;::;:;;::;;:;: - .. - -- 
C/ Major professor) 

Mastitis is considered from the standpoint of the permeability of capillaries and the hemogrom manifest during the syndrome of acute mastitis. Capillary permeability is studied by the intravenous injection of a dye not readily eliminated from the blood stream and the secretion from the 
:. normal and inflamed observed for the appearance of the dye. Capillaries in quarters showing clinical manifesta- tions of mastitis were found to be more permeable to the dye. Histamine, a product formed during protein catabolism, knovm to have the ability of increasing capillary permeability, was found in both mastitic and normal milk. Histamine was found in much greater quantities in mastitic milk than normal milk. 

Hemogranis, body temperature and histamine deter- nilnations were made during the progress of an acute attack of mastitis. An attempt was made to reconstruct the hemograin and udder condition by intravenous injection and intrainnary infusion of histamine. Histamine was found to possess a strong chemotactic action when injected intravenously, aub- cutaneously, and when infused through the teat canal into the mammary gland. Histamine buffered to pH 6.2 produced quite a severe reaction when infused through the teat canal into the maiary gland. The gland became extensively swollen in 15 minutes, Blood plasma was present in the 
mammary secretion and the chlorine titre and pH were in- creased. 

Histamine is imown to be formed in the digestive tract by the action of bacteria which has the ability to decarboxylate the essential amino acid histidine. In an attempt to establish the source of the histamine found in milk, determinations were made on ingesta, blood and milk of animals fed grain rations with various percentages of dry protein. A correlation was noted between the ingesta, blood and milk histamine, Histamine deteninations were also made on placental and chorion tissué and amniotic fluid. 
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TI ROLE OF HISTANII'1E IN BOVIIIE MASTITIS 

The altered secretion from the diseased udder 

has heretofore been extensively studied with the view 

in mind of establishing means of detecting pathological 

processes in the quarter at an early stage ïn the dis- 

ease. Therefore, much is known about the various 

physical and chemical changes in the milk itself. That 

milk considered to be apparently normal has a chlorine 

titre expressed as NaC1 below 150 milligrams per 100 

cubic centimeters, a pH range between 6.2 and 6.9, a 

leikocyte count of less than 150,000 per cubic centi- 

meter and is devoid of the usually pathogenic bacteria 

is common knowledge. The secretion from the diseased 

udder shows a variation from that considered to be nor- 

mal. What are the processes which cause this altered 

secretion? Why is there an increase in the chlorine 

titre from the usual 80 to 150 milligrams per cubic 

centimeters to a titre approaching that of the blood 

itself? Is it due to the rupture of the capillaries 

and if so, why are the other constituents of the blood 

not present in appropriate proportions? 

Is it due to an increased permeability of the 

capillaries, and if so, what is the cause of this in- 

creased permeability? Milk usually has a pH range be- 

tween 6.2 and 6.9 but at a time of acute or subacute 

infimmuation the alkalinity is increased. Is this due 



to the entrance of the various buffer combinations of 

the blood into the milk or to decomposition of the 

parenchnnal tissue or the decomposition of the milk 

itself? 

Leucocyte counts in the chronic to the acute 

conditions increase freq.uently to millions per cubic 

centimeter in contrast to less than 150,000 per cubic 

centimeter occurring usually in the milk. Is there a 

chemotatic substance present in the pathological pro- 

cesses which has the ability to extract large numbers 

of these cells from the circulating blood? 

In this work an attempt is made to explain some 

of the processes and predisposing factors concerned with 

inflammation of the udder. It was felt that much could 

be learned if a substance could be found in mastitic 

milk capable of causing the syndrome of mastitis. 

Histamine is known to play an important role in 

capillary permeability and also to possess a chemotatic 

action. For this reason histamine determinations were 

made on mastitic and normal milk and a study made of the 

action of histamine when infused into the maim.ary gland 

and injected into the blood stream. Histamine deter- 

minations were made on the blood, milk and ingesta when 

animals were fed rations containing various percentages 

of dry protein. Histamine determinations were also 
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made on the placenta, chorion and amniotic fluid 

from a cow following normal parturition. 

Review of Literature 

Pouden and eiiner(6) demonstrated an irritant 

action of whey when injected into the manrniary gland. 

They found whey to be irritating to the mammary tissue 

and the intensity of the response proportional to the 

quantity injected. They attributed the irritating 

substance to products of streptococcal growth with 

which the milk was inoculated or to the resulting pH 

the whey which was 4.4 and is imown to be quite 

irritating to udder tissue. Natural occurring 

enzpnes may be responsible for some of the changes in 

the incubated milk from which the whey was obtained. 

Schsib, Stark and Guthrie(), writing upon the effect 

of natural milk enzymes upon the keeping quality of 

butter, state that pasteurization temperatures equiva- 

lent to 1650 centigrade for 30 minutes were required 

to destroy the harmful natural enzymes of milk. 

Rocha, Silva and Dragstedt(8) state that in- 

creased capillary permeability due to tissue extracts 

as indicated by the trypan blue test can be accounted 

for by the histamine content of the exiidate. Menkin5) 
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isolated a nitrogenous substance from tissue exudates 

which he termed leukotaxine which not onlr increased 

capillary permeability but had a chemotatic factor 

which caused a diapedess of polnorphonuclear leuko- 

cytes. Silva and Dragstedt(8) state that a number of 

biological substances which have the property of 

liberating histamine from living tissue produce 

positive trypan blue tests in rabbits and no sub- 

stance imown to have this property has been found to 

give a negative test. 

Histamine was first isolated from ergot by 

Barger and Dale(2). Its formation through the action 

of putrefactive bacteria was first described by 

Ackerman2. Histamine is formed by the decarboxyla- 

tion of the essential amino acid, histidine. There is 

present in the intestines and kidneys an enzime(), 

histidine decarboxylase, which can change histidine to 

histamine. It has further been shown by other investi- 

gators(2) that a bacillus is present in the intestinal 

contents capable of decarboxylating histidine. 

Methods 

In this work numerous hemograms were made. 

Blood from the jugular vein was used for both total 



and differential leucocyte counts. Five cubic centi- 

meters of blood viere removed and blood snears for 

differential counting were made, the rest being used 

for a total leucocyte count, Sodium citrate was used 

to prevent clotting. The samples were taken to the 

laboratory where total leucocyte counts were completed 

within 15 minutes of the time they were drawn. All 

total leucocyte counts were made with a Bright-Line 

Improved Neubauer haemocytometer and dilutions were 

made with a Yankee Certified diluting pipette. Slides 

were stained with Wright's stain for differential counts. 

The chlorine titre of the milk was determined 

by titrating the milk with a standard silver nitrate 

solution using potassium chromate as an indicator. 

The presence of leucocytes in the milk is a 

comparative estimate made by a microscopic examination 

of the methylene blue stained milk smear. 

All pH determinations were made with a Bec1nan 

pH meter. 

Histamine determinations were made by the 

Department of Chemistry, Oregon State College. 

Spectrophotelomnetric determinations were made and a modi- 

fication of the Fubrman(3) method was used. Histamine 

solutions of known concentration were extracted and the 



reproducibility and accuracy of the method determined. 

Reproducible results were obtained ïn all cases and the 

error for determining one part in a million was found 

to be 3 percent. Histamine will be expressed as 

milligrams histamine dihydrochioride per 100 cubic 

centimeters unless otherwise stated. 

Pro ce dure 

The trypan blue test(8) is used experimentally 

in rabbits as a means of measuring capillary permea- 

bility. The substance to be tested is injected ïntra- 

dermally and ten cubic centimeters of a 1 percent trypan 

blue solution injected into the ear vein. A positive 

reaction is manifest by the dye appearing around the 

site of injection. It was thought a modification of 

this test might be applicable to a study of permeability 

of capillaries ïn the udder. 

A Jersey cow which was practically dry developed 

a subacute mastitis in one quarter. Five milligrams 

histamine dihydrochioride buffered to 6.4 was iniused 

into another quarter and 20 cubic centimeters of 2 per- 

cent solution of trypan blue injected into the jugular 

vein. The dye appeared in the secretion of the 

mastitic quarter and the histamine injected quarter, 
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15 minutes arter injection and persisted for 36 hours 

although completely milked several times. The dye 

did not appear in the other quarters. At the end of 

48 hours the mastitic quarter was still voiding 

trypan blue while the histamine-injected quarter was 

negative. 

Three other cows in milk production which were 

manifesting clinical symptoms of subacute mastitis in 

5 quarters were given 20 cubic centimeters of a 2 

percent solution of trypan blue intravenously. The 

dye appeared in the secretion of all 5 quarters in 

15 minutes after injection and in some instances 

persisted for as long as 2 weeks. The dye could not 

be detected macroscopically in the apparently normal 

quarters. 
Since it k(8) that histamine plays an 

important role in permeability of capillaries, it was 

thought advisable to see if histamine could be estab- 

lished as an integral part of inflanimation of the 

udder. Again, as in other examinations for mastitis, 

we must resort to analysis of the altered secretIon, 

realizing that if histamine is a product concerned in 

the pathological processes and escapes in the udder 

secretion vie will have an unmown dilution factor as 



LS 

it wïll be necessary to express histamine as milli- 

grams per loo cubic centimeters ol' the mammary 

secretion. 
Histamine determinations were made on nineteen 

samples of mastitis milk from eight different cows and 

fourteen different quarters. The results of these 

determinations are found in figure 1. 

Figure 1 

Cow and Visible Condition Condition of 
quarter of Sample quarter 

582-2 Straw-colored serum 
Yellow clots swelling 

582-2 Straw-colored sertnn Acute swelling 
Yellow clots 48 hours later 

582-3 Apparently normal Acute swelling 

582-3 Apparently normal Acute swelling 
48 hours later 

355-1 Straw-colored Swelling 
Homogenous 

355-2 Straw-colored 
Homogenous 

355-3 Apparently normal 

355-4 Apparently normal 

Haag Straw-colored 
Yellow clots 

Green 2 Straw-colored 
Yellow clots 

Swelling 

Swelling 

Slight swelling 

Acute swelling 
Dry cow 

Hi st amine 

0,6 

o io 

.175 

0.025 

0.075 

0.05 

0.025 

o 00 

0.15 

0.2 



Figure 1 (continued) 

Cow and Visible Condition Condition of Histamine 
quarter of Sample quarter _________ 

Green 2 Straw-colored Acute swelling 0.05 
Yellow clots 24 hours later 

Green 2 Straw-colored Acute swelling 0.075 
Yellow clots 48 hours later 

Green 2 4 days after Swelling sub- 0.05 
Novoxil infusion sided, Novoxil 

infused 

156-4 Pus Injured teat 0.00 
long standing 

725-2 Tissue debris Atrophy 0.00 
Coagulated 

725-3 Tissue debris Atrophy 0.00 
Coagulated (chronic) 

368-]. White stringy Atrophy 0.00 
(chronic) 

388-2 White stringy Atrophy 0.05 
(chronic) 

388-4 Straw colored serum Hypertrophy 0.15 
Yellow clots (chronic) 

Histamine deteimiinations were also made on eight 

samples of milk thought to be normal. Four samples were 

taken, one from each quarter of cow number 134, a Jersey 

in her sixth lactation which had always been negative 

on all previous routine chloride, pH and microscopic 

examinations. Four samples were taken from cow 

number 746, an Ayrshire first-calf heifer which had been 
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fresh about three months. The results can be found 

in figi.re 2. 

Figure 2 

Cow and Chlorine pH Bacteria Leukocyte Histamine 
quarter titre ________ _________ _________ 

134-1 192 6.7 - - 0.0 

134-2 192 6.68 - - 0.0 

134-3 160 6.7 - - 0.0 

134-4 224 6.92 - - 0.05 

746-1 144 6.55 - - 0.00 

746-2 128 6.52 - - 0.075 

746-3 144 6.58 - - 0.05 

746-4 144 6.7 - - 0.05 

Cow number 582 (Figure 1) was observed from the 

onset of the acute attack and a more complete history 

and blood pictures obtained. This attack occurred durin 

her sixth lactation. She had manifest clinical symptoms 

previously during her third lactation. During 313 days 

of her fifth lactation she produced 529 pounds butter- 

fat and had produced 1569 pounds of milk in August pro- 

ceding the acute attack in September. The grain ration 

a week previously had been increased from lO pounds to 

14 pounds daily and the formula changed from 10.5 
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to 14 percent dry protein. An extensive acute swelling, 

very hard and painíul, developed in the right rear 

quarter and the milk changed to a straw-colored secre- 

tion with yellowish clots and numerous polymorphonu- 

clear leucocytes. The secretion at the time was nega- 

tive for bacteria as determined by the direct 

microscopic examination of stained smears from 24-hour 

incubated samples. She was off feed and there was atony 

of the ruinen. Streptococcal organisms had been observed 

sporadically in routine previous and subsequent exam- 

inations. There was some swelling of the other quarters 

at the time but they did not reach the extensive painful 

extreme that was manifest in the right rear quarter. 

Figure shows the blood picture and body 

temperature during the progress of the disease. The only 

treatment vzas frequent milking. No medicinal ageit s 

were used. 

The first blood examination presented a leuko- 

penia with a low neutrophil count. The second day 

there was an increase in leukocytes with the increase 

being accounted for by the appearance of numerous 

eosinophils. The percentage of lymphocytes had de- 

creased, but due to the increase in total leukocytes 

the number of lymphocytes per cubic millimeter of blood 
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remained about the same, The neutrophils were 

practically absent from the circulating blood at this 
time. The body temperature on the second day had 

dropped from 105.6 of the preceding day to 102.2. 

Ssmples of milk taken on the second day from the 

right rear and left rear quarters contained .6 and .175 

milligrams histamine dihydrochloride per 100 cubic 

centimeters respectively. Histamine determination on 

the venous blood at this tinie revealed .05 mi11iranis 

per 100 cubic centimeters. The next two blood examina- 

tions, made September 26 and 28, show a gradual increase 

in the total leukocyte count with the appearance of the 

young immature neutrophils in the blood stream. 

Histamine determinations on September 28, were 0.1 and 

.025 milligrams per 100 cubic centimeters respectively 

for right rear and left rear quarters. The blood 

picture on September 29 showed a leukocytosis said the 

increase ïn total cells due to the young immature 

neutrophils. The leukocytosis increased until October 4, 

the eleventh day of the disease, when a total 32,780 

cells per cubic millimeter of blood were present. 

Abortion took place on the tenth day of the 

disease and since the cow was negative for Bang's dis- 

ease and pyoinetria was not present and prompt involu- 



tion took place it was thought the abortion was 

secondary to the mastitic processes. 

The blood picture of 582 suggests the possi- 

bility of there being a chemotactic substance present 

in the pathological process capable of attracting 

neutrophils from the blood stream in large numbers 

and when absorbed into the blood stream has the 

ability to stimulate the bone marrow in the production 

or freeing of immature cells into the circulating 

blood. 

It is felt that the knowledge of the action of 

histamine in the bovine is quite limited. Experiments 

were undertaken to determine the chemotactic action of 

histamine when injected intravenously or subcutaneously 

and when infused throug. the teat canal into the 

mammary gland. Histamine, either the dihydrochioride 

or basic histamine, when injected intravenously or 

subcutaneously, in five milligram doses is followed by 

a severe general reaction of short duration. Some of 

the clinical manifestations which are quite constant 

are couglaing, dyspnea, lacrimation, atony of the runen, 

defecation, muscular tremors and anorexia. Complete 

recovery usually occurs in fifteen or twenty minutes 

at which time the animal resumes eating. 



Temperature 

Total count 

Eos inophil 

Basophil 

Myelocyte 

Juvenile 

Stabs 

Segment ed 

Monocyte 

Lymphocyte 

Blood 
Histamine 

Milk 
Histamine 

Figure 3 

9-24-41 9-25-41 9-26-41 9-28-41 9-29-41 9-30-41 10-4-41 10-6-41 

105.6 102.2 102 102 101 101.2 
Q) 

101 100.8 101 

1300 4575 6000 7800 12850 13150 18550 32780 17300 

10 63 45.5 19 5.5 1 1 

2 1 .5 1.5 

5 2.5 1 

2 31 16 13 3 1 1 

10 2 14 37 33 29 38 46 

1 .5 1 1.5 17 31 33 28 

7 1 6 3 6 1.5 2 2 3 

73 33 43 27 32 33 30 30 21 

.05 

Right Right 
rear rear 

.6 .1 
Left Left 
rear rear 
.175 .025 

I-a 
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Figure 4 shows the blood picture after injec- 

tion of histamine dihydrochloride and the basic his- 

tamine. Eight cows were used. Four of the cows, 

Fawn (Figure 4a), Blackie (Figure <ib), Number 177 

(Figure 4e), and Number 49 (Figure 4d), were two-year- 

old heifers. Fawn and Blackie were in a fat condi- 

tion, Number 177 and Number 49 were in a good 

condition and to ali outward appearances they were all 
apparently normal and had no past history of disease. 

The other four cows were mature cows which had been 

used for various experimental purposes. The holstein 

cow (Figure 4e) had been the recipient of many intra- 

mannnary medicinal agents and bacterial cultures. The 

Jersey (Figure 4f) was a ruinen fistula cow used for 

experimental purposes. She had been obtained because 

of severe inastitic processes which had rendered her 

valueless as a milk producer. Cow number 100 (figure 

4g) had a previous mastitis history and one toe had 

been removed surgically because of an infection which 

had developed into a septicemia. Cow number 156 

(Figure 4h) had injured one teat and had been permitted 

to go dry in the one quarter. She had no other history 

of dïsease. All animals responded with a leucocytosis 

following histamine injection. In most instances the 
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height of the leucocytosis was reached about 3 hours 

a.fter injection. In all instances tI leucocytosis, 

to a great extent, can be accounted for by the 

increase in the nuniber of neutrophils and these 

appeared in the younger, more immature forms. This 

gives evidence that histamine has the ability to 

stimulate the production of or to free the more 

fliunature neutrophils from the red bone marrow in the 

bovine. 



Figure 4 (a) 

Fawn Helfer - 5 milligrams basic histamine intravenously 

Pre-injectlon Post-injection 

--- 
----Ä-T.----iT-r.f;--i P.M. lÄ.M. 12 No&n 2 P.M. 4 io 

Total 9,825 8,250 7,700 7,250 8,350 lO,7OO 17,750 17,900 11,925 
count C) 

Eosinophil 7 13 2 16 10 13 5 6 

Basophil 2 1 1 

. 

Myelocyte 

Juvenile 

Stabs 1 2 2 3 1 12 13 10 

Segmented 7 13 21 21 6 29 34 21 

Monocyte 8 6 3 10 5 4 6 1 

Juvenile '78 '71 75 53 78 52 41 61 

I-b 



Figure 4 (b) 

Blackie - 5 mIlligrams basic histamine intravenously 

Pre-Injection Post-In jectïon 
Time 

g A.M. 11 AM. 1 p.M 3 P.M. 10 A.M. 12 noon2 P.M. 4 PM. 

Total count 11,425 10,900 11,800 10,850 11,300 18,900 16,500 16,300 12,050 

Eoslnophil 8 9 11 7 12 8 12 12 9 
r1 

Basophil 1 1 

Myelocyte 

Juvenile 2 

Stabs 1 2 1 17 9 5 6 

Segmented 8 7 11 4 3 22 28 20 13 

Monocyte 6 3 7 1 3 4 4 4 4 

Lymphocyte 77 79 71 89 87 50 48 65 70 



Figure 4 Cc) 

Cow 17? - 5 milligrams basic histamine intravenously 

Time 

9:30 10:30 11:30 12:30 1:30 2:30 3:30 

Total Leuco- 9,500 9,350 7,150 9,800 10,100 9,500 900 
cyte Count 

o 
Eosinophils 15 7 

Basophils 
o 

.t-I 

Myelocytes 

Juveniles 

Stabs 2 7 . 

Segmented 12 7 

Monocytes 3 5 

Lymphocytes 68 74 

8 9 8 5 4 

2 

2 12 20 6 6 

1]. 6 5 12 12 

1 1 2 1 1 

78 71 65 76 75 



Figure 4 (d) 

Cow 49 - 5 milligrams basic histamine intravenously 

Time 

9:30 10:30 11:30 12:30 1:30 2:30 3:30 

Total Leuco- 9,600 9,450 9,200 11,350 11,050 13,700 11,550 
cyte Count 'g 

4.) 

Eosinophils 11 4 9 8 5 6 6 

Basophils 2 

Myelocytes 
0 

Juvenile 

Stabs 1 3 9 11 14 21 12 

Segmented 14 2 17 7 12 12 8 

onocytes 2 3 2 2 2 1 

Lymphocytes 70 88 63 72 67 61 73 



Figure 4 (e) 

Holstein - 5 milligrams histamine dihydrochioride subcutaneously 

Time 

7:30 A.M. 8:15 A.M. i00 A.M. 11:00A.M. 3:00 P.M. 

Total white 9,980 Histamine 14,000 11,860 13,700 
count injected 

Eosinophil 33 24 24 24 

Bas ophil 

Myelocyte 

Juvenile 

Stabs 18 14 27 30 

Segmented 11 14 14 11 

Monocyte 3 5 4 3 

Lymphocyte 35 43 31 32 

I-' 



Figure 4 (f) 

Jersey - Ruinen fistula cow - 5 milligrams histamine hydrochloride intravenously 

Time 

7:30 A.M. 8:15 4LM. 10 A.M, 11 A.M. 3 P.M. 

Total white 8,460 Histamine 12,520 12,000 12,425 
count injected 

Eosinophil 17 20 19 12 

Basophil 

Mye lo cyte 

Juvenile 

Stabs 18 
5 21 23.5 

Segmented 9 9 7 14 

Monocyte 9 9 7 5.5 

Lymphocyte 47 57 46 45 
to 
to 



Figure 4 (g) 

Cow loo - 5 milligrams basic histamine intravenously 

Total Leuco- 
cyte count 

Eosinophils 

Basophils 

lclyelocyte s 

Juvenile 

St ab s 

Segmented 

Monocytes 

Lyniphocyte s 

Time 

9 A.M. II A.M. 1 P.M. 3 P.M. 10 A.M. 12 Noon 2P.M. 4 P.M. 

8,600 7,900 8,850 9,100 8,750 8,175 9,450 9,650 

19 23 23 32 17 

6 8 3 2 5 

10 15 21 11 24 

4 1 4 1 4 

6]. 53 49 54 49 

o 
-p 
C) 

Q) 

s:1 

o, 

-p 
O) 

'r-I 

13 20 21 

4 22 15 

12 10 11 

1 1 7 

70 47 46 



Figure 4 (h) 

Cow 156 - 5 milflgrams basic histamine intravenously 

Total Leuco- 
cyte count 

Eo s inophils 

Ba s ophi].s 

Myelocytes 

Juveniles 

Stabs 

Segmented 

Monocytes 

Lymphocytes 

Time 

9 A.M. 11 A.M. 1 P.M. 3 P.M. 10 A.M. 12 Noon 2 P.M. 4 P.M. 

6, 150 5,400 8,500 7,400 7,525 8,700 12,100 10,200 

14 14 15 12 17 

i 

10 7 8 9 5 

13 19 15 14 18 

9 6 6 4 6 

54 54 56 60 54 

rd 
o) 

4) 
C) 

G, 

rl 

G) 

4) 
Q) 

.rl 

[1 7 

37 44 29 

21 21 28 

4 5 5 

32 30 31 
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Five milligrams histamine dihydrochioride 

(Figure 5) buffered to pH 6.4 in 5 cubic centi- 

meters of distilled water was infused througì the 

teat canal into each of three quarters of cow 

number 156 and 5 cubic centimeters basic histamine 

buffered to pH 6.4 in 5 cubic centimeters distilled 

water into each of four quarters of cow number 582. 

Prompt swelling of all infused quarters took place. 

In 4 minutes a hard mass 4 inches in diameter 

could be palpated in each quarter. In 15 minutes 

the entire udder was quite firm and hard. Pain 

was evinced by the animal striking at the udder 

with the rear feet. The hard painful swelling sub- 

sided in about 12 hours and the udders although 

somewhat larger, resumed their original elasticity. 

Essentially the seine blood picture was mani- 

fest in both animals after the first fifteen minutes. 

In cow number 156 there was a leukopenia 15 minutes 

after injection with the reduction being accounted 

for by the lowering in the percentage of granu- 

locytes. This was followed by a leucocytosis which 

reached its height about 3 hours after the udder 

infusion. In both instances the leucocytosis was 
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accounted for br the entrance of immature neutrophils 

into the blood stream. 

It will be noted that cow number 156 did not 

receive as much available histamine as cow number 582 

due to the fact that 5 milligrams histamine dihydro- 

chloride was iníusecl into each of three quarters of 

cow number 156 while 5 milligrams of the synthetic 

basic histamine was iníused into each of four quarters 

of cow number 582. 



Figure 5 (a) 

Cow 156 - 5 milligrams histamine dihydroch].oride in 5 cubic centimeters distilled 
water buffered to pH 6.4 infused into each of three quarters. 

Total count 

Eosinophil 

Basophil 

Myelocyte 

Juvenile 

Stabs 

Segmented 

Monocyte 

Lymphocyte 

Pre-Infusion 15 minutes 
0 

6,850 5,000 

16.5 7.5 

o 

Time 

1 hour 

6,400 

6.5 

hours 

8,450 

2 

3 hours 5 hours 24 hours 

10,650 

3 

8,850 

4 

2 

8,900 

10 

24 12.5 12.5 42 46 42 22 

8.5 13 13.5 21 12 16 21 

15.5 13 8 9 7 3 4 

35.5 54 59.5 26 32 33 43 



Figure 5 (b) 

Cow 582 5 millIgrams basic histamine In 5 cubIc centimeters distilled water buffered 
to 6.4 infused Into each of 4 quarters. 

Time 

Pre-Infuslon 15 minutes _l hour l hours_iours 5 hours__ç 
Total count 7,250 11,000 8,950 11,300 14,250 13,800 8,350 

Eosinophll 24 21 15 13 9 9.5 23.5 

Basophil .5 

Myelocyte 

Juvenile 2 

Stabs 8.5 18.5 17 25 31 38.5 10 

Segmented 18 12 16 16 9 14 16 

Monocyte 2.5 2 5 6 1 3.5 2 

Lymphocyte 47 44.5 47 42 50 33.5 49 
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Figure 6 shows the effect on the Inantnary 

secretion of 5 milligrams basic histamine buffered 

to pH of 6.4 infused through the teat canal into 

the mrnimary gland. Chlorine titre, pH, and compar- 

able leucocytic estimates were made on the milk 

before and after infusion, There was an extensive 

swelling of the infused quarters which attained its 

maximum about 15 minutes after infusion when the 

entire quarter was involved. A marked rise in 

chlorine titre and pH was manifest following in- 

fusion. The sample taken 30 minutes after 

infusion clotted within 15 minutes after being 

removed from the quarter. Clotting could be prevent- 

ed by the use of sodium citrate. No red blood cells 

could be detected by centrifuging the samples. 

There was an increase in leucocytes in the 

milk of cow number 582 one hour after infusion which 

was persisting 36 hours after infusion. 

No change could be noted in the number of 

leucocytes present in the secretion from cow 

number 156 with the exception that they were absent 

during the first hour after infusion. 
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Figure 6 

Cow 532 quarter 2 Cow 156 quarter 2 

Time pH Chlorine Leuco- pH Chlorine Leuco- 
titre cytes titre cytes 

Pre- 
infusion 160 + 6.54 176 + 6,6 

5 milligrcins basic histamine buffered to pH 6.4 

Po st- 
infusion 

15 
minutes 336 4 6,75 496 - 6,9 

30 
minutes 304 + 7,15 432 - 7,3 

45 
minutes 272 + 7.2 368 7.28 

1 hour 272 ++ 7.25 368 - 7.3 

16 hours 224 7.05 256 f 7,22 

24 hours 304 +++++ 6.75 208 + 7,1 

36 hours 224 7.00 160 + 6.7 

It is a coninion observation of dairymen that 

feeding of high protein feeds predisposes udder 

troubles, Udal110) states that forced feeding to 

attain maximum production may result in acute activity 

and the most important part in treating the acute case 

of mastitis is to withdraw or greatly reduce the grain 
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ration and to practice constant milking once every 

one or two hours, 

Akerblom(1), working with laminitis in 

horses, found some horses to be resistant to lamm- 

itis even when Led rye till they could eat no more, 

but when given orally, 500 cubic centimeters of a 

culture of Bacillus Coli, imown to have the power 

of decarboxylating histidine, subsequent large feeding 

of rye and culture produced laminitis. He concludes 

that laaninitis is essentially a "histaminosis." 

of the trpe of de- 

carboxylating histidine were found by A.kerblom in 

about 50 percent of normal horses examined. 

The udder of the dairy cow is a highly 

specialized organ which is being developed and main- 

tamed to a point of niaximimi production and is so 

situated to be vulnerable to all changez of an 

environmental nature and surely any substance carried 

in the blood stream capable of altering the capill- 

aries of the udder in any way would have a direct 

bearing on the health of the gland as a whole. 

Experiments were attempted to see if the 

histamine content of the ingesta, blood arid milk could 
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be raised by the feeding of a high protein diet, Two 

cows were used in the experiment. One, a Jersey cow 

with a rtien fistula, and cow niunber 336, a Holstein, 

having no past history of mastitis and producing 

between 50 and 60 pounds of milk daily. Both cows 

were given the same Leed and the different rations 

were changed at the sane time, Liquid ingesta 

samples were taken from the reticulinu of the Jersey 

ruinen fístula cow, Blood from both the inannnary and 

jugular vein as well as composite milk samples from 

all four quarters 336 were secured. 

Coagulation of the blood was prevented with sodi 

citrate and all samples were inimediately taken to the 

Department of Chemistry for histamine determinations. 

Both cows were fed clover hay, corn silage and the 

various grain rations. 

A grain ration containing 11.03 percent dry 

protein was fed 4 days and histamine determinations 

made on blood, milk and ingesta samples. Blood and 

milk were negative for histamine, while .20 milligram 

per 100 cubic centimeters were found in the ingesta. 

The grain ration was changed to one containing 14.90 

percent dry protein and fed 4 days. Samples were 

taken for histamine determinations. The ingesta 
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histamine increased to .55 inillirams per loo cubic 

centimeters and .025 milligrams per 100 cubic centi- 
meters were present in all the samples from the 

jugular vein, maimnary vein and milk. 

The grain ration was again cbanged to one 

containing 23.21 percent dry protein and fed for 

6 days, when samples were taken for histamine 

determinations. The ingesta sample had again in- 

creased to .575 milligrams per 100 cubic centimeters. 

The milk and the blood from the jugular vein were 

negative but tth blood from the anterior inanimary 

vein still maintained .025 milligrams per 100 cubic 

centimeters. 

The same grain ration was maintained for 
another 5 days and samples again taken for hista- 
mine determinations, The Inge sta histamine had 

dropped to .175 and all samples of milk and blood 

were negative. 

It is realized that this is only one experi- 

ment, but it is felt that it merits repeating and 

further investigan on. It is interesting to note the 

correlation of the histamine titre progressively 

throughout the experiment. 
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Figure 7 

11-5-41 

Started feeding ration Number 1 containing 11.03 per- 

cent dry protein 

11-9-41 

Cow MaterIal Source 

336 Blood Jugular vein 

336 Blood Anterior marrmiary vein 

336 Milk All four quarters 

Jersey Ingesta Reticulum 

Hi st amine 
determinat ion 

0.00 

0.00 

0.00 

0.20 

After securing samples, the grain was changed to ration 
Number 2 containing 14.90 percent dry protein. 

11-13-41 

Cow Material Source Histamine - _________ _______ determination 

336 Blood Jugular vein 0,025 

336 Blood Anterior mwmnary vein 0.025 

336 Mïlk All four quarters 0.025 

Jersey Ingesta Reticulum 0.55 

After securing samples, the grain was changed to ration 
Number 3 containing 23.21 percent dry protein. 

11-19-41 

Cow Material Source Histamine 

_________ _______ determination 

336 Blood Jugular vein 0.00 



Figure 7 (Continued) 

Cow Material 

336 Blood 

336 Milk 

Jerser Ingesta 

Same grain ration 

11-24-41 

Cow Material 

336 

336 

336 
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Source Histamine 

_________ _______ determination 

Anterior mammary vein 0.025 

All four quarters 0.00 

Reticulum 0.575 

continued. 

Source Histamine 

_________ _______ determination 

Blood Jugular vein 0.00 

Blood Anterior mammary vein 0.00 

Milk All four quarters 0.00 

Jersey Ingesta Reticulum 0.175 

Clinicians recognize a relation between severe 

acute affections of the uterus and inflamiation of 

the udder. Sometimes mastitis is associated with sep- 

tic metritis10). Mastitis is most prominent at the 

beginning and end of lactation. At these times 

there is greatest activity in the uterus. At the 

termination of lactation the excretory products of 

the fetus are approaching its maximum. At the 

beginning of lactation the animal is confronted with 



the absorption of the products concerned with 

uterine involution. Histamine determinations were 

made on placenta, chorion and amniotic fluid 

secured from a cow following normal parturition. 

The results can be found in Figure 8. 

Figure 8 

Material Condition 

Placenta Fresh 

Placenta Exposed to air for 
24 hours 

Chorion Fresh 

Chorion Exposed to air for 
24 hours 

nnïotic fluid Fresh 

36 

Histamine per 
loo grams 
tissue 

.4125 

.9575 

.04 

. 145 

. 35/lOO 
cubic centi- 
meters 
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Discussion 

The increase in chlorine titre, leucocytes, 

and pH of mastitis milk implies that there is an 

increased permeability of the capillaries of the 

mammary gland. This is corroborated by the injection 

of a dye into the blood stream, which is not readily 

eliminated, and the secretion of the normal and 

abnormal quarters observed for the appearance of the 

dye. In the quarters manifesting a subacute mastitis, 

the appeared in 15 minutes, while the normal 

quarters remained negative. Other workers have shown 

(7) that the increased permeability of capillaries due 

to tissue extracts can be explained by the presence of 

histamine in the extract or by the ability of the 

extract to liberate histamine in the tissue. Histamine 

was infused into a quarter of the mannuary gland and it 

elicited the same result as a subacute case of mastitis, 

in that the dye appeared in the secretion 15 minutes 

after injecon. 

Histamine determinations were made on the 

secretions of acute to chronically inflamed mammary 

glands. The results ranged from negative to .6 muli- 

grams histamine dihydrochioride per 100 cubic centi- 



meters. It must be remembered that the pathological 

process is in the parenchjn1al tissue and not the 

secretion. The histamine content will be greater in 

the tissue than the secretion due to the diluting 

action of the secretion. It will be noted that the 

content is highest in the acutely-in±lamed gland while 

the atrophied glands voiding tissue debris and leuco- 

cytes were negative. 

Histamine determinations were made on samples 

of milk which were apparently normal. These were 

obtained from cows which had been under observation 

since the time of first calving and had always been 

apparently normal. Histamine titres were found to 

range from negative to .075 milligrams per 100 cubic 

centimeters. 

Hemogram, body temperature, and histamine 

determinations were made progressively during an acute 

attack of mastitis. At the onset of the disease there 

was a marked leukopenia signifying there was a chemo- 

tactic substance present in the niaìmnary gland capable 

of removing leucocytes from the blood stream. The 

leu..kopenia was followed by a leucocytosis with the 

increase being accounted for by the presence of young 
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iimnature neutrophils from the bono marrow. 

The idea suggested itself that maybe this 
saine substance which attracted the leucocytes to the 

inanimary gland when absorbed into the blood stream 

might also stimulate the freeing or production of 

young neutrophils from the blood stream. 

The chemotactic action of histamine was 

studied and it was found to possess a strong cheino- 

tactic action when injected intravenously or sub- 

cutaneously. Its action was quite pronounced on 

the granulocytes and the younger neutrophils in 

particular. 
Histamine was infused into the udder and 

progressive heinograins made. In one animal, cow 

number 156, which received 15 milligrams of histamine 

dihydrochioride, there was a slight leukopenia in 

15 minutes. The percentage of granulocytes vías less 

in the circulating blood and since the maimnary glands 

were extensively swollen it is logical to assume they 

were present in the gland. This was followed by a 

leucocytosis. 
Cow number 582 was given 20 milligrams of basic 

histamine, received 2.1 times as much avaïlable hista- 
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mine as did cow nuniber 156, which received 15 milli- 
grams histamine dihydrochioride. 

In both animals the histamine buffered to 

pH 6.4 incorporated in distilled water (a milligram 

per cubic centimeter), produced a leucocytosis when 

infused into the maniniary gland. The leucocytosis was 

at its maximum 3 hours after infusion and increase 

of granulocytes was responsible for t1 leucocytosis. 

Studies were made on the secretion of the 

mammary glands after inftsion of 5 milligrams basic 

histamine buffered pH 6.4 in 5 cubic centimeters of 

distilled water. A diffused swelling 4 inches in 

diameter was present in four minutes after infusion. 

The entire quarter was swollen in 15 minutes. The 

chlorine titre and hydrogen ion concentration in- 

creased. The samples taken 30 minutes to one hour 

after infusion clotted in 15 minutes and clotting 

could be prevented by the use of sodium citrate, 
a common blood anti-coagulant. This indicates the 

increased chlorine titre and pH of the secretion can 

be increased by the entrance of blood plasma into the 

secretion. 
Since histamine was present in apparently 
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normal milk where there was no evidence, either 

present or past, of inf1ainnation, it was thought 

that probably the histamine content could be altered 

by the feeding of a high protein diet. It has been 

an observation of clinicians and dair,rnen that a 

high protein diet predisposes mastitis. A close 

correlation was observed between ingesta, blood and 

milk histamine when diets with varying amounts of 

protein were fed. This experiment merits further 

investigation. 
Clinicians also recognize a relation between 

inflaaìnnation of the udder and mastitis and that 

mastitis is most prominent at the beginning and end 

of lactation. Histamine determinations were made on 

the placenta, chorion and amniotic fluid. The con- 

centrations were found to be quite high and to in- 

crease with putrefaction. It is logical to assìrnie 

that the absorption of histamine from the uterus and 

the digestive tract can play an important role in the 

predisposition to mastitis. 
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Sunnuary 

Mastitis is considered from the standpoint 

of the permeability of capillaries and the hemograni 

manifest during the syndrome of acute mastitis. 

Capillary permeability is studied by the intravenous 

injection of a dye not readily eliminated from the 

blood stream and the secretion from the normal and 

inflamed quarter observed for the appearance of the 

dye. Capillaries in quarters showing clinical mani- 

festations of mastitis were found to 

to the dye. 

Histamine, a product formed during protein 

catabolism, known to have the ability of increasing 

capillary permeability, was found in both mastitic 

and normal milk. Histamine was found ïn much greater 

quantities in mastitic milk than normal milk. 

Hemograms, body temperature and histamine 

determinations were made during the progress cf an 

acute attack of mastitis. An attempt was made to 

reconstruct the hemogram and udder condition by intra- 

venous injection and intrannnary infusion of histamine. 

Histamine was found to possess a strong chernotactic 
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action when injected intravenously, subcutaneously, 

and when infused through the teat canal into the 

niaimnary gland. Histamine buffered to pH 6.2 produced 

quite a severe reaction when infused through the teat 

canal into the inannary gland. The gland became 

extensively swollen in 15 minutes. Blood plasma was 

present in the mammary secretion and the chlorine 

titre and pH were increased, 

Histamine is imown to be formed in the diges- 

tive tract by the action of bacteria which has the 

ability to decarboxylate the essential amino acid 

histidine. In an attempt to establish the source of 

the histamine found in milk, determinations were made 

on ingesta, blood and milk of animals fed grain rations 

with various percentages of dry protein. A correlation 

was noted between the ingesta, blood and milk hista- 

mine. Histamine determinations were also made on 

placental and chorion tissue and amniotic fluid. 
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