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Early plasma protein and mineral changes after
surgery: a two stage process
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SUMMARY Sequential changes in albumin, transferrin, a,-acid glycoprotein, C reactive protein,
fibrinogen, copper, iron, and zinc in plasma up to 24 h after hysterectomy were measured. No
increases in the concentrations of the acute phase proteins a,-acid glycoprotein, C reactive
protein, and fibrinogen were observed until 6 h after the skin incision. These increases were
preceded by significant falls at 2-4 h, and this was shown also by albumin, transferrin, iron, zinc,
and copper. The ratios of iron and zinc to their binding proteins, transferrin and albumin, did not
decrease until 4-6 h and their concentrations remained low for at least 24 h. These patterns
suggest that at least two mechanisms operate after trauma. The early fall in the concentrations of
the proteins in plasma is consistent with a prompt increase in microvascular permeability. The
later decrease in binding of the metals iron and zinc to their transport proteins and the increase in
concentrations of the acute phase proteins could be initiated by a common mediator.

The acute phase response is a non-specific response
to the stimulus of tissue injury or infection.2 Several
organs and tissues are affected, including the liver,2
bone marrow,3 muscle,4 pancreas,' and
hypothalamus.6 Studies on experimental animals
have led to the suggestion that one mediator is
responsible for the various effects on different
organs.7' Several names have been applied to this
mediator: endogenous pyrogen,9 leucocytic
endogenous mediator,"' lymphocyte activating fac-
tor," and interleukin 1.2T2he last is the current
accepted name for the mediator. Because of difficul-
ties in purification, much early experimental work
was carried out with crude preparations of inter-
leukin 1.13 14 Subsequently, it has been suggested
that interleukin 1 may be a group of closely related
molecules,'5 and that there may be several
mediators responsible for the pattern of the acute
phase protein response, each with its own predo-
minant target organ and function.'6
We have shown previously' that there is a delay of

6-8 h after tissue injury before there is any increase
in concentration of acute phase proteins. This delay
is compatible with the hypothesis that a mediator
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such as interleukin 1 is necessary for the acute phase
protein response to occur. We now report additional
observations of changes in some components of the
blood during the first few hours after tissue damage,
which give an indication of whether it is likely that
more than one mediator is concerned.

Material and methods

Thirteen patients undergoing hysterectomy were
studied. None had a C reactive protein concentra-
tion greater than 10 mg/l before operation and none
had signs of infection or systemic disease. The ages
of the women ranged from 30 to 55 years (mean
41-7). Halothane was used as anaesthetic with or
without additional epidural analgesia. All opera-
tions were performed before 12-30 pm, with a max-
imum blood loss of 640 ml (mean 320 ml). Samples
of venous blood (15 ml) were taken immediately
before the operation and at two hourly intervals
thereafter until 12 h after the operation. Additional
blood samples were taken at 24, 48, and 120 h.
Plasma (EDTA) and serum were separated by cen-
trifugation as soon as possible and stored at -20°C
until assays could be carried out. All samples from
one patient were assayed within the same batch for
all tests.
End point nephelometry' was used to deternine

C reactive protein (above 10 mg/1), a,-acid glyco-
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protein, and transferrin concentrations. The within
batch coefficients of variation (CV) for
nephelometric assays were less than 5%. Concentra-
tions of C reactive protein below 10 mg/l were
determined by radioimmunoassay using a mod-
ification of the methods of Claus et all' (within batch
CV 11 8%). Albumin was determined by the
bromocresol green method'" (within batch CV
14%). Cortisol was determined by the fluorimetric
procedure of Spencer-Peet'" (within batch CV 3-3%
at 675 ,um/l and 8 4% at 231 ,m/1).

Fibrinogen was assayed by measuring the fibrin
clot using the method of Blomback20 (within batch
CV 5-9%). Iron was measured colorimetrically
using the method of Henry2' (within batch CV less
than 3-7%). and zinc and copper were measured by
automated atomic absorption 2 (within batch CV of
2-7% for both assays). Packed cell volume was
measured using a microcentrifuge and changes in
protein concentration due to fluid shifts were cor-
rected by normalising the packed cell volume to that
before operation using the calculation:

Pn= Ps x 1 Vt
1 - Vo

where Pn = normalised protein concentration, Ps -
protein concentration of sample, Vo = packed cell
volume at time 0, Vt = packed cell volume of sam-
ple.

Statistical analysis was carried out by paired t
tests.

Results

In all patients studied the packed cell volume fell
after operation. illustrating the necessity to correct
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Fig. 2 Changes in protein concentrations after operation.

for haemodilution. With the exception of cortisol, all
the variables described here have been corrected for
such dilution. A check of the suitability of this cor-
rection was made using a computer model (Fleck A,
Colley CM, Clark B, unpublished data) which indi-
cated that up to 6 h after operation the average error
in corrected values was less than + 1 %.
The general pattern of the changes in C reactive

protein, a,-acid glycoprotein, fibrinogen, and cor-
tisol are similar to those described previously;' as
before, zero time was taken as the initial skin inci-
sion. The peak concentration of cortisol occurred at
6-8 h, and there was a delay of 6-8 h before the
concentrations of the proteins C reactive protein,
a-acid glycoprotein, and fibrinogen began to
increase. Peak C reactive protein concentration
occurred at 48 h and both a,-acid glycoprotein and
fibrinogen were still considerably raised at 120 h.
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Fig. 1 Changes in protein concentrations after operation.
C reactive protein (CRP) was increased to 85 mgll at 24 h.
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Two hours after the operation, however, the con-
centration of a,-acid glycoprotein was significantly
less than the preoperative value (p < 0001) and the
concentration remained lower than the zero time
value until 6-8 h, after which the concentration
increased (Fig. 1). This fall in concentration before
the rise was also noted for fibrinogen (significant at
4 h, p < 0.02); the concentration remained low until
6-8 h, after which it increased (Fig. 1). The concent-
ration of C reactive protein fell slightly at 2-4 h, but
this was not significant, and after a delay of 6-8 h the
concentration increased sharply (Fig. 1).
The concentrations of albumin and transferrin

were also reduced at 2 h (p < 001 and p < 0001
respectively, Fig. 2). In contrast with the acute phase
proteins the concentrations of albumin and transfer-
rin remained decreased for at least two days, after
which there was some increase towards the
preoperative values.
The concentrations of both iron and zinc fell

rapidly after operation. Zinc reached a minimum at
1O h (Fig. 3), but the fall was significant at 2 h (p <
005). The concentration of zinc remained low for at
least two days and approached the preoperative
value after four to five days. Iron reached a
minimum 12-24 h after operation (Fig. 3); the
decrease was highly significant by 6 h (p < 0001).
The concentration of iron was still considerably
decreased four to five days after operation.
A significant decrease (p < 0.01) in the concent-

ration of copper was seen at 2 h (Fig. 3). This fall
was not as pronounced as that seen for iron and zinc,
and at four to five days the concentration was
significantly increased (p < 000 1) compared with
the value at zero time.

Discussion

The 6-8 h delay before the increase in concentra-
tions of the acute phase proteins after moderate
surgery' was again seen in this study. The pattern of
change in plasma cortisol was also the same as that
previously reported after herniorrhaphy.' It is there-
fore likely that the general pattern of changes in C
reactive protein, fibrinogen, and a.-acid glycopro-
tein is the same after different types of operation.
Plasma cortisol was measured because of previous
reports that epidural anaesthesia does not provoke
the same degree of rise of plasma cortisol as more
widely used procedures23 and because it has been
suggested that cortisol is essential for the synthesis
of acute phase proteins by the liver.24 25 Six to eight
hours after the initial skin incision the concentration
of C reactive protein rose rapidly, reaching a peak at
48 h and then falling quickly again towards the value
before operation. Fibrinogen and a,-acid glycopro-
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Fig. 4 Iron: transferrin ratio after operation.

tein concentrations both rose after the same lag
period as C reactive protein, with both proteins
reaching a plateau at about 120 h. The 6-8 h delay is
compatible with the hypothesis that interleukin 1 is
an obligatory intermediate for the acute phase pro-
tein response in man.

This does not, however, explain the observation
that all proteins measured, with the exception of C
reactive protein, showed a significant decrease 2-4 h
after operation. Lamy et a126 have shown a fall in
a,-antitrypsin .after operation, and they suggest that
this fall is due to the deposition of the protein at the
site of injury. In this study, however, we noted a
decrease in concentration of several proteins.
Although such a decrease in concentration may be
due to consumption of protein-for example,
fibrinogen conversion to fibrin-the fact that the
proteins measured in this study showed a significant
fall raises the possibility of an additional mechanism.
As reported elsewhere the transcapillary escape rate
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of proteins is. increased in chronic illness and rises
within hours of cardiac surgery.27 We suggest that
the early fall in plasma protein concentrations noted
here is due to a rapid increase in transcapillary
escape rate. The fall in plasma proteins cannot be
explained by changes in posture as the patient was
recumbent before operation and for at least 12 h
after surgery; nor could it be due to changes in
synthesis or catabolism because the changes in con-
centration were too rapid. Although infusion of fluid
will dilute the plasma proteins, the rate of infusion in
these patients (average 320 mlIh) could not account
for more than 1*5% of the early fall in cor-
rected concentration of the proteins measured
(Fleck A, Colley CM, Clark B, unpublished data).
We think it unlikely that anaesthesia could be a
significant factor in the fall in concentration of some
of the plasma proteins reported here. Firstly, we
have previously reported that less serious surgery
leads to a similar acute phase response but no fall in
albumin.' Secondly, decreases in albumin concentra-
tions have been noted after many forms of acciden-
tal trauma and elective surgery.28 The temporal dif-
ferences suggest that different mediators may be
responsible for the general decrease and for the
acute phase response.
Serum iron is mostly bound to transferrin,2' and

about 65% of plasma zinc is bound to albumin and
35% to a2-macroglobulin.3" The amount of zinc
bound to a2-macroglobulin is constant, at about 1
mole zinc/mole a2-macroglobulin3 and this zinc is
metabolically unavailable.
As we anticipated from the decrease in transferrin

and albumin, early decreases in the concentrations
of serum iron (significant at 6 h) and zinc (significant
at 2 h) were seen after operation. The proportion of
iron bound remained constant for 4 h, however; at
6 h the iron bound to transferrin was decreased (Fig.
4). These observations are consistent with a prompt
increased loss of transferrin from the vascular sys-
tem, due to a rise in transcapillary escape rate, with a
concomitant fall in plasma iron. Subsequently, at
about 6 h after operation iron begins to be removed
from the transferrin molecule. Similarly, the zinc to
albumin ratio is constant for 4 h after operation, and
at 6 h the zinc bound to albumin decreases (Fig. 5).
The timing of the changes in protein-bound iron and
zinc appears to be similar to that of the rise in acute
phase proteins, which may indicate a common
mediator for both processes. This decrease in iron
and zinc is consistent with evidence that iron and
zinc are taken up from the blood by the liver after
stimulation by interleukin 1 .32 This has led to the
suggestion'0 that measurement of the early decrease
in zinc could be used as a measure of interleukin 1
activity. We suggest, however, that owing to the

increase in transcapillary escape rate, the early fall
in zinc cannot be used as an indicator and only
measurements made after 6 h may indicate inter-
leukin 1 activity.
Plasma copper is almost completely bound to

caeruloplasmin, and we assume that the drop in
copper (Fig. 3) was due to a fall in caeruloplasmin
caused by an increase in transcapillary escape rate.
Caeruloplasmin is an acute phase protein and the
rise in copper seen at four to five days was probably
due to the rise in the carrier protein.
Thus we conclude firstly that at least two separate

mechanisms operate after trauma. Initially, there is
a prompt increase in vascular permeability. This is
followed by production of interleukin 1, which has at
least two different effects on the liver-synthesis of
acute phase proteins and uptake of iron and zinc.
Secondly, there is as yet no valid measure of the
effects of interleukin 1 on plasma proteins or protein
bound elements such as iron or zinc in the period of
0-6 h after the initial tissue damage.
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