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The site of synthesis of antihemophilic factor (AHF, F VIII) has been the subject of 
numerous studies. The liver1, spleen2, kidneys3, reticuloendothelial cells (REC) 4, 
leukocytes5-6 and lymphocytes7-8 have all been implicated in the synthesis of F VIII. 
In recent years the synthesis of the high molecular weight subcomponent of F VIII 
(F VIII R: AG) has been shown to be localized on the vascular endothelial cells. 
However, the site of low molecular weight subcomponent (F VIII: C) synthesis is not 
yet known9'10. Several studies on laboratory animals and human beings have sug­
gested the spleen plays an important role in F VIII synthesis or in its storage2'11‘13. 
The primary purpose of the present study was to elucidate the relationship between 
the spleen and F VIII. Other coagulation factors were also determined to see wheth­
er changes in these factors correlated with changes in AHF activity.

Material and Methods

The studies were carried out on samples of splenic arterial and venous blood from 
twelve patients undergoing splenectomy and 20 dogs.

The ages of the patients ranged between 3 and 29 years. Three patients had idio­
pathic thrombocytopenic purpura (ITP), 2 Cooley's anemia, 1 congenital sphero­
cytosis, 3 cirrhosis, 1 hydatid cyst of the spleen, 1 Gaucher's disease and 1 hyper- 
splenism of unknown etiology.

In this study peripheral venous blood was obtained before and during fluothane 
anesthesia and after laparotomy while the patients were under anesthesia. Splenic 
arterial and venous blood samples were also obtained from the patients who under­
went therapeutic splenectomy.

Mongrel dogs weighing between 14 and 25 kg were employed for sham operations. 
Blood samples were obtained from every animal under the same conditions as 
described above for the patients, except that nembutal anesthesia (30 mg/kg) was 
used. In 10 of 20 animals, after blood samples were obtained as described above.
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0.014 mg/kg adrenaline (6.6 mcg/ml) was injected into the splenic artery, and blood 
samples were obtained from the splenic vein within 3 and 7 minutes and from the 
splenic artery 5 minutes following the adrenaline injection. The values for procoagu­
lant activity of F VIII and other coagulation factors obtained from splenic venous 
blood at 3 and 7 minutes did not show any statistically significant differences. For 
the statistical analysis the values obtained at 3 minutes were used.

For the human coagulation studies 9 volumes of blood were added to one volume of 
0.1 M sodium oxalate. After separation of plasma, factor I, II, VIII, V, Vll/X, and X 
levels were assayed14"16 and factor activities expressed as percent of controls. One 
unit of factor activity is defined as the amount of factor present in one milliliter of 
normal mixture human plasma. The same method was employed for the animal 
studies except that the test plasma used in determination of mixtures of F II, F V, 
F Vll/X was obtained from four normal dogs. For deterrhination of F VIII concentra­
tion in dogs, F Vlll-deficient plasma and substrate plasma obtained from human 
beings were used as indicated in previous studies17. For the statistical analysis 
Student's t test was used.

Results

Human Studies.

As seen in Table I there were no significant differences between factor VIII levels in 
the splenic artery and vein or between these and peripheral blood, either before or 
during anesthesia. Nor were there significant differences between the levels of the 
other coagulation factors.

TABLE I

Comparisons of Coagulation Factors of Splenic Arterial and Venous 
Blood and Peripheral Blood Before and During Anesthesia in Humans 

(X ± SD)

No statistically significant difference was found between samples for any of the above factors (p > 0.05).

Coagulation 
factors %

Peripheral blood 
before anesthesia

Peripheral blood 
during anesthesia

Splenic arterial 
blood

Splenic venous 
blood

F VIII 102 ± 58 88 ± 41 109 ± 34 103 ± 45
F I (mg/dl) 293 ± 72 295 ±74 283 ± 87 281 ± 62
F II 77 ± 23 70 ± 24 76 ± 22 77 ± 20
F V 106 ±.20 91 ±26 99 ± 17 105 ± 25
F Vll/X 73 ± 18 71 ± 17 70 ± 16 70 ± 20
FX 65 ± 19 70 ±17 75 ± 22 75 ± 21
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Anima! Studies.

As in the human study, factor VII levels in the splenic artery and vein in the periph­
eral blood in dogs before and during anesthesia were not significantly different 
(p > 0.05) (Table II). Levels of the other coagulation factor values in the splenic 
artery and vein and the peripheral blood likewise were not significantly different 
from each other (p > 0.05).

TABLE II

Comparison of Coagulation Factors of Splenic Arterial and Venous 
Blood and Peripheral Blood Before and During Anesthesia in Dogs 

(X ± SD)

Coagulation 
factors %

Peripheral blood 
before anesthesia

Peripheral blood 
during anesthesia

Splenic arterial 
blood

Splenic venous 
blood

F VIII 119 ± 37 109 ± 35 126 ± 32 112 ± 25
F 1 (mg/dl) 415 ± 111 404 ±82 390 ± 94 396 ± 0
F II 85 ± 23 81 ± 15 83 ± 23 82 ± 20
F V 83 ± 13 83 ±14 85 ± 12 85 ± 15
F Vll/X 108 ± 18 109 ± 19 111 ± 26 107 ± 22
FX 77 ± 20 69 ±17 75 ± 17 75 ± 15

No statistically significant difference was found between the values of any of the above factors (p > 0.05).

As seen in Table III, statistically significant increases in F VIII levels were observed in 
the splenic vein and peripheral blood following adrenaline injection into the splenic 
artery in dogs (p < 0.02). Although F VIII levels in the splenic artery were also found 
to be slightly elevated after adrenaline injection, the difference was not statistically 
significant (p > 0.05). Factor VIII activities of peripheral blood, splenic artery and 
veins following adrenaline injection did not differ significantly from each other.
Values obtained for other coagulation factors in the venous blood of the spleen 3 
minutes after adrenaline injection and in the arterial blood of the spleen 5 minutes 
after adrenaline injection were not significantly different for any of the factors stud­
ied (p > 0.05). After injection of adrenaline a significant increase was seen in the 
splenic artery only for the factor Vll/X complex (p < 0.01) (Table IV). Significant 
increases of factors II, V, Vll/X and X were observed in the splenic vein after adren­
aline (p < 0.02). Factor X values also increased in peripheral venous blood after 
adrenaline injection.

Discussion

The site of synthesis and storage of factor VIII has provoked a variety of opinions 
and circumstantial evidence. The spleen has been thought to be a major site of fac-
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TABLE III

Factor VIII Levels in the Samples from 10 Dogs Before and 
After Adrenaline Injection

(X ± SD)

Peripheral Splenic Splenic
venous blood arterial blood venous blood

F VIII %
(before adrenaline) 109 ± 35 126 ± 32 112 ± 25

F VIII %
(after adrenaline) 158 ±31 150 ± 35 149 ±38

P < 0.02 > 0.05 < 0.02

tor VIII synthesis by various authors2,11'13,18. Although F VIII synthesis has also 
been thought to occur in the liver1, kidneys2, leukocytes5,6 and lymphocytes7,8, 
other studies have cast doubt on the likelihood of synthesis in these organs 19,2°.

In the present study the synthesis and storage functions of the spleen have been 
investigated. Factor VIII levels in the splenic artery and vein in bdth patients and 
dogs showed no significant difference (Tables I, II). These findings suggest that the 
spleen cannot be the organ of synthesis of factor VIII.

Structural malformations of the spleen have been reported in all the patients except 
those with ITP. It is also known that increase in plasma volume parallels increase in 
size of the spleen21. Since our aim was to compare the levels of coagulation factors 
in the arterial and venous blood of the spleen, dilution of these factors, which may 
have some relation to the size of the spleen would not affect the results in any way, 
and similarly, the effect of the normally or abnormally functioning spleen on the 
concentration of the coagulation factors would not change the results. In all of the 
patients, except the ITP cases, blood transfusions were given prior to obtaining 
blood samples for coagulation studies. Since it affects the arterial and venous blood 
of the spleen in the same way, hemodilution does not change the results. The ani­
mals studied had normal spleens and received no blood transfusions.

Coagulation factors were determined in the peripheral blood before and during 
anesthesia to determine the effect of anesthesia and light anoxia and to compare 
the peripheral blood values with those of splenic arterial and venous blood. It was 
observed that anesthesia and questionable oxygenation changes had no significant 
effect on the levels of coagulation factors (Tables 1,11).

In recent years, the effect of adrenaline on factor VIII levels has been investigated in 
human beings and animals. Thus adrenaline has entered the group of factors report-



TABLE IV

Coagulation Factor Levels in Samples Obtained from 10 Dogs Under Anesthesia Before and 
After Adrenaline Injection

(X ± SD)

• The difference in values obtained before adrenaline injection is statistically significant (p > 0.02).

Peripheral blood Splenic arterial blood Splenic venous blood

Coagulation before after before after before after
Factors % adrenaline adrenaline adrenaline adrenaline adrenaline adrenaline

F I (Mg/dl) 385 ±84 368 ± 97 383 ±117 489 ± 181 438 ± 91 475 ± 100

F II 85 ± 12 98 ± 22 86 ± 13 99 ± 9 82 ± 9 106 ± 23’

F V 85 ± 11 100 ± 18 86 ± 11 97 ±0 89 ± 13 106 ± 14’

F Vll/X 99 ± 7.0 106 ± 11 94 ± 12 108 ± 14* 92 ± 9 115 ± 15’

FX 75 ± 12 90 ± 15* 79 ± 14 93 ± 15 79 ± 10 101 ± 21’



148

ed to have increased the factor VIII level22'24. Forwell and Ingram indicated that 
adrenaline was effective during the early stages of blood coagulation26 Later Ingram 
showed adrenaline to be the cause of the increase in factor VIII level26. Although 
the mechanism of the increase of factor VIII by adrenaline is not understood very 
well, it is probably related with the spleen. In splenectomized animals and human 
beings increase of the factor VIII level following intravenous adrenaline has not been 
observed12-27.

In the present study, no significant difference was observed in the factor VIII level 
between arterial and venous blood of the spleen following the injection of adrenaline 
(Table II). The difference between the factor VIII levels of venous blood of the 
spleen, before and after adrenaline injection, was found to be significant (Table III). 
These findings suggest that the spleen functions as a storage organ for this factor. 
As indicated previously, the difference between factor VIII levels in the peripheral 
venous blood, before and after injection of adrenaline, was statistically significant 
(Table III). Investigation of the causes of the increase in factor VIII level of the 
peripheral blood, despite the lack of a significant increase in the artery of the spleen, 
will enhance our knowledge in this area.

In our study, when the synthesis functions of the other coagulation factors (I, II, V, 
Vll/X, X) in the spleen were investigated in humans and animals, no evidence of 
splenic synthesis was found (Tables I, II). However, the values of factors II, V, 
Vll/X, X in the blood of the spleen taken from animals before and after adrenaline 
injection indicated a significant increase (Table IV). These findings suggest a stor­
age function of the spleen for those factors.

Summary

The relationship between coagulation factors and the spleen was investigated. The 
data suggest that factor VIII and other coagulation factors (F I, II, V, Vll/X, X) are 
not synthesized in the spleen. However the spleen has a storage function for F VIII 
and some other factors such as F II, V, Vll/X, X. It has also been found that anes­
thesia has no effect on the levels of the coagulation factors.
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