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Evaluation of Plasma Cytokine Levels in Mesobuthus Eupeus (Scorpionida:
Buthidae) Scorpion Envenomation in Rats Treated With Polyvalent
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Background: Previous studies have demonstrated that scorpion venom increases blood levels of some cytokines, including Interleukin-1
(IL-1), Interleukin-6 (IL-6), and Tumor Necrosis Factor-alpha (TNF-α) in experimental model of scorpion envenomation in laboratory
animals.
Objectives: This study aimed to measure circulating cytokines levels in rats after envenomation with Mesobuthus Eupeus scorpion and
to compare the ﬁndings in rats treated with polyvalent antivenom to evaluate the role of routine treatment in scorpion envenomation.
Materials and Methods: For the present research, the venom of Mesobuthus eupeus scorpion was extracted by electric shock and then
intraperitoneally injected (1.5 mg/kg) into 2 groups (V: venom group and AV: antivenom group) of 36 Wistar rats each weighing 200 ± 10 g.
Additional 36 rats were considered as control group (group C) and were intraperitoneally (ip) injected with 50 μL saline solution. Group
AV were injected ip, with polyvalent antivenom 2.5 ml/kg, 30 minutes after envenomation. Heparinized blood samples were collected by
heart puncture at diﬀerent time periods (1, 3, 6, 12, 24, 48, and 72 hours) after venom injection for determination of the levels of plasma
cytokines, including IL-1α, IL-6, and TNF-α by Ray Biotech speciﬁc ELISA kits for rats.
Results: IL-1a, IL-6, and TNF-α levels were signiﬁcantly increased in 3 hours after envenomation in both groups (V and AV), but the intensity
of increase in AV group was less than the other group, i.e. moderate elevation of cytokines occurred after treatment with polyvalent
antivenom. At next time points, gradually decreasing amounts of cytokines were seen.
Conclusions: Our data suggest that using polyvalent antivenom in short time after envenomation could reduce the inﬂammatory
responses related to the systemic changes during the elevation of cytokines in scorpion envenomation.
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1. Background
Scorpion envenomation is a common medical problem
in many tropical and subtropical countries, and an important cause of morbidity and mortality, especially in
children. Mesobuthus eupeus is one of the important scorpion species in Iran. The injection of toxins from several
scorpion species in animal models induces several disturbances in diﬀerent organs and systems. Envenomation
with scorpion venom in experimental animals produce
systemic eﬀects with signs and symptoms similar to those
observed in human envenomation such as fever, salivation, lachrymation, increased gastrointestinal tract mobility, cardiac and respiratory arrhythmias, arterial hypertension followed by hypotension, cardiac failure, pulmonary
edema, and shock. These features have been traditionally
explained by the eﬀects of neurotransmitters released by
the scorpion venom, but the release of mediators of the
systemic inﬂammatory response syndrome may also play
an important role (1, 2).
Activation of the immune system in patients envenomed

by scorpion stings was recently reported with an increase
in the serum levels of Interleukin-6 (IL-6). The serum levels
of this cytokine remained elevated up to 6 hours after the
bite and no correlation among the severity of envenoming
and IL-6 levels has been observed (3). The cytokines play
an important role as mediators of the systemic inﬂammatory response syndrome (SIRS) and may have the prognostic value. A strong correlation among increased levels
of acute-phase cytokines (TNF-a, IL-1a, and IL-6) and a poor
prognosis has been reported in patients with septic shock.
IL-1a and TNF-α induces fever, slow-wave sleep, synthesis of
hepatic acute-phase proteins the release of neutrophils,
ACTH, cortisol, and insulin. Despite several clinical features of SIRS observed in patients, particularly children,
little is known about the participation of cytokines in the
pathophysiology of scorpion envenoming with systemic
manifestations following scorpion stings (1, 4)
Interleukin-1 (IL-1) is one of the ﬁrst cytokines ever described. Its initial discovery was described as a factor that
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could induce fever, control lymphocytes, increase the
number of bone marrow cells, and cause degeneration of
bone joints. It was around 1984-1985 when scientists conﬁrmed that IL-1 was actually composed of two distinct proteins, now called IL-1α and IL-1β. These belong to a family
of cytokines known as the interleukin-1 superfamily. Interleukin-6 (IL-6) is a multi-functional cytokine that regulates
immune responses, acute phase reactions, and hematopoiesis. It may play a central role in host defense mechanisms. IL-6 is usually not produced constitutively by normal cells, but its expression is readily induced by a variety
of cytokines, lipopolysaccharide, or viral infections. IL-6 is
a pleiotropic cytokine produced by a variety of cells. It acts
on a wide range of tissues, exerting growth-induction and
diﬀerentiation, respectively, depending on the nature of
the target cells.
Tumor necrosis factor alpha (TNF-α) is a potent mediator
of immune and inﬂammatory responses. TNF is produced
by many activated cell types, including monocytes, macrophages, astrocytes, granulocytes, T and B lymphocytes, NK
cells, keratinocytes, ﬁbroblasts, and certain tumor cells.
TNF exerts many regulatory inﬂuences on the activation,
growth, and diﬀerentiation of leukocytes and other cells.
In vivo, TNF serves as a primary mediator in protective immune responses against microbial and viral pathogens.
However, TNF has also been implicated as a central mediator in several pathologic responses, including septic
shock, cachexia, and autoimmune diseases.

2. Objectives
This study aimed to measure circulating cytokines levels
in rats after envenomation with M. eupeus scorpion and to
compare the ﬁndings in rats treated with polyvalent antivenom to evaluate the role of routine treatment in scorpion envenomation.

3. Materials and Methods
3.1. Venom
Freeze dried M. eupeus scorpion venom was purchased
from Razi Vaccine and Serum Research Institute, Ahvaz,
Iran. It was collected by electrically stimulating the telson
of scorpion. The venom was dissolved in 0.9% sodium chloride solution to a proper concentration.

3.2. Antivenom
The polyvalent antivenom was produced by Razi Vaccine
and Serum Research Institute. It comprises a puriﬁed solution with F (ab) 2 fractions of equine immunoglobulin,
speciﬁc for venoms of 6 species of medically important
scorpion species in Iran, including Odontobuthus doriae,
Mesobuthus eupeus, Androctonus crassicauda, Buthotus (Hottentota) saulcyi, Buthotus sach and Hemiscorpius lepturus.
Polyvalent scorpion antivenom was prepared in horse hyperimmunized with crude venom of M. eupeus by the Razi
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Institute for Serums and Vaccines, Iran, and used according to the manufacturer instructions.

3.3. Animals
A total of 108 healthy (3-4 month age) male Wistar rats
weighing 200 ± 10 grams were purchased from the laboratory animal house of Ahvaz Jundishapur University of
Medical Sciences, IR Iran, and were maintained at controlled temperature (23-25°C) and humidity (E40%) with
a 12:12 lightness/darkness cycle. They received a standard
pellet food and tap water free ad libitum. For the present
research, M. eupeus scorpion venom was intraperitoneally
injected (1.5 mg/kg) into 2 groups (V: venom group and AV:
antivenom group) of 36 each Wistar rats weighing 200 ± 10
grams. Additional 36 rats were considered as control group
(group C) and were intraperitoneally (ip) injected with 50
μL saline solution. Group AV were injected ip with polyvalent antivenom 2.5 ml/kg, 30 minutes after envenomation.
Heparinized blood samples were collected by heart punctures at 1, 3, 6, 12, 24, 48, and 72 hours after venom injection
for determination the level of blood plasma cytokines. The
plasma levels of IL-1α, IL-6, and TNFα were assayed by ELISA
method using Ray Biotech rat speciﬁc kits according to the
manufacture guide as follows:
1. Prepare all reagents, samples and standards as instructed.
2. Add 100 μL standard or sample to each well. Incubate
2.5 hours at room temperature or overnight at 4°C.
3. Add 100 μL prepared biotin antibody to each well. Incubate 1 hour at room temperature.
4. Add 100 μL prepared streptavidin solution. Incubate 45
minutes at room temperature.
5. Add 100 μL TMB one-step substrate reagent to each
well. Incubate 30 minutes at room temperature.
6. Add 50 μL stop solution to each well.
7. Read at 450 nm immediately.
Calculate the mean absorbance for each set of duplicate
standards, controls, and samples, and then subtract the
average zero standard optical density. Plot the standard
curve on log-log graph paper or using SigmaPlot software,
with standard concentration on the x-axis and absorbance
on the y-axis. Draw the best-ﬁt straight line through the
standard points.

3.4. Statistical Analysis
Statistical analysis was performed using Analysis of Variance (ANOVA) and Student t test by SPSS Software version
16 (SPSS, Inc., Chicago IL, USA) to compare the data from the
controls with those from the envenomed rats with or without treatment. The cytokines level measurements were expressed as the mean ± standard error of mean (SEM). The
statistical signiﬁcance of diﬀerences within groups was
analyzed by using Student t test. Variations among diﬀerent groups were analyzed by using the Tukey-Kramer rank
correlation coeﬃcient. Values of P < 0.05 were considered
signiﬁcant.
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4. Results
Venom injection caused signiﬁcant (P < 0.05) increase in
IL-1α, IL-6, and TNF-α level at 3 hours after envenomation.
There was also an increase of these cytokines in polyvalent
antivenom treated group compare to the control, but the
elevation of cytokines was less than venom group. Gradually, the cytokines level will decrease after 3 hours and
reach the normal range at the end stage of the study, 72
hours after envenomation (Figures 1, 2 and 3).
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Figure 1. Circulating Levels of Interleukin-1α in Diﬀerent Groups After Envenoming by M. eupeus Scorpion Venom
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Figure 2. Circulating Levels of Interleukin-6 in Diﬀerent Groups After Envenoming by M. eupeus Scorpion Venom

Control

Venom

Venom& Antivenom

250.00

pg/ml

200.00
150.00
100.00
50.00
0.00
Zero
time

1 hour

3 hour

6 hour 24 hour 48 hour 72 hour

Figure 3. Circulating Levels of TNF-α in Diﬀerent Groups After Envenoming by M. eupeus Scorpion Venom

5. Discussion
Severe scorpion envenoming produces a systemic inﬂammatory response syndrome that may cause shock,
pancreatitis, cardiac dysfunction, and pulmonary disJundishapur J Health Sci. 2015;7(1):e27159

tress (5-8). In the present study, after scorpion envenomation, signiﬁcant elevation in cytokines levels (IL-1a, IL-6
and TNF-a) was seen. Overall, the levels of IL-1a, IL-6 and
TNF-α were increased in envenomed groups (V and AV)
compared to controls. Further studies are needed to provide a more clear view of the mechanism of action of M.
eupeus venom.
Furthermore, severe cases of envenomation also
showed signiﬁcantly higher levels of cytokines compared
to the mild envenomation. The activation and release of
cytokines may play an important role in the pathophysiology of intoxication following scorpion sting and may
account for SIRS manifestations and organ failure following envenomation, besides the direct eﬀect of the venom
and neurotransmitters released by the venom in diﬀerent organs (3, 9, 10).
The levels of these cytokines tended to increase the beginning of envenomation. Signiﬁcantly increased plasma levels were observed at 3, 6, and 12 hours after envenomation. Several studies have emphasized the relevance
of proinﬂammatory mediators, including leukotrienes,
prostaglandins, platelet activating factor, kinins, and
Nitric Oxide in the pathophysiological manifestations of
human and experimental scorpion envenomation (4, 1113).
Tityus serrulatus scorpions are found to nonsigniﬁcantly
increase levels of IL-6, IFN-g, GM-CSF and IL-10 in patients
with mild to moderate envenomation and signiﬁcantly
elevate IL-1a levels in all cases. Fukuhara et al. (14) showed
that the increased levels of IL-1b, IL-6, IL-8, TNF-α, and IL10 in patients envenomed by Tityus serrulatus were positively correlated with the the severity of envenomation.
These results suggest that the physiophatological manifestation of Tityus serrulatus envenomation may be mediated, at least in part, by the direct action of proinﬂammatory cytokines (TNFα, IL-1b, IL-6 and IL-8) or indirectly by
mediators released by proinﬂammatory cytokines. On
the other hand, IL-10 may down-regulate the release of
proinﬂammatory mediators, consequently reducing the
intensity of the pathological manifestation observed, especially in moderately and severely envenomed patients.
As a corollary, these results indicate that the evaluation
of serum levels of these cytokines, particularly in moderate and severe cases, may be of prognostic value, and the
early treatment of these patients with drugs that inhibit
cytokine production, like glucocorticoids, may have a
beneﬁcial eﬀect. Although we measured IL-6 levels, current consensus favors TNF and IL-l rather than IL-6 as the
key messengers that initiate the inﬂammatory response.
Both cytokines mediate inﬂammatory manifestations by
themselves, but more importantly they induce the secretion of proinﬂammatory cytokines and products, which
amplify and sustain the response. Serum IL-6 levels increase rapidly in acute inﬂammatory and trauma states,
whereas such an increase in serum IL-l and TNF levels is
hardly evidenced (15).
Measurement of serum IL-6 levels, however, frequently
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reﬂects the generation of IL-l and TNF, which are the
strongest introducers of IL-6 (15, 16). Our results suggest that changes in IL-6 levels may be indicative of the
pathophysiology of scorpion envenomation, and may
open the way to the adaptation of novel therapeutic approaches to reduce the damage of scorpion envenomation. Patients with severe scorpion envenoming can
also develop a SIRS-like response that may be involved
in the pathogenesis of shock, cardiac dysfunction, and
pulmonary edema (17). The clinical ﬁndings in these
patients are very similar to those seen in patients with
sepsis, in which the levels of proinﬂammatory mediators (TNF, IL-1, IL-6, PAF and eicosanoids) are altered. Different proinﬂammatory cytokines appear to be directly
involved in the responses occurring after infection
(e.g. sepsis) and may prove to be important in tissue
injury promoted by severe scorpion sting. In contrast,
IL-10 plays a major role by modulating the activation of
cells from monocyte/macrophage lineage and may be
involved in regulation of monokine synthesis (18, 19)
In addition, the measurement of cytokine serum levels may have prognostic signiﬁcance in scorpion sting.
Thus, patients with increased serum levels of IL-1a, IL-6,
IFN-g, and GM-CSF may have a worse prognostic.
We postulate that scorpion venom can induce a systemic inﬂammatory response-like syndrome, which is dependent on the dose of venom delivered to the host by the
sting and also on the time elapsed between the bite and
the onset of symptoms or treatment. It is possible that
the patients with mild to moderate forms of envenoming
could not fully develop SIRS due to the lower amount of
inoculated venom. The eﬃcacy of antivenom to neutralize the circulating venom could also help the organism
to balance its response against the injury. The elevated
levels of cytokines would be only detectable when the
scorpion-induced injury elicited a major host response
as demonstrated, for instance, by a major elevation of serum levels of creatine kinase. This was observed in the patient with severe envenomation, but it is diﬃcult to make
a strong argument based in one patient.
Another studies showed that T. discrepans envenomation induces cytokines, more so at higher venom concentrations and with prolonged envenoming (20, 21). In
the light of our ﬁndings, the pathology of scorpionism
is due to a direct eﬀect of toxins as well as secondary to
the consequent abnormal neurotransmitter release, all
worsened by inﬂammatory factors promoted by any of
these mechanisms.
Abdel-Haleem et al. (22) showed that IL-6, sIL-6R, TNF-α,
chemokine, and RANTES are involved in the pathogenesis
of scorpion envenomation and correlated with its severity. Pioneering work by Lomonte et al. (23) proved an increase in IL6 after snake envenomation. Barraviera (24)
found increased levels of IL6 and IL8, but not of TNF-a and
IL1-b in victims bitten by venomous snakes. Later, Barbouche et al. (25) showed an increase in IL6 and IL1-b levels
in scorpion envenoming.
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Abdoon and Fatani (26) reported that the signiﬁcantly
high serum levels of IL8, TNFα (P < 0.001), and nitric oxide
(P < 0.0001) observed in their study support the evidence
for the role of these potent vasodilators in the terminal
hypotension that is usually observed in humans and animals after envenomation.
Adi-Bessalem et al. (27) in the study of the pathophysiological eﬀects of Androctonus australis hector scorpion
venom, showed that pathophysiological manifestations
of AaHIT envenomation may be mediated sequentially
or simultaneously by cytokines and the complement system, which in turn activate leukocyte to produce tissue
damage.
Jalali et al. (9) in the study of serum TNF-α levels reﬂect
the clinical severity of envenomation following a Hemiscorpius lepturus sting suggest that, unlike M. eupeus, the
toxic manifestations observed following being stung by
H. lepturus are associated with increased serum TNF-α levels and correlate positively with the clinical severity of
the symptoms. Furthermore, serotherapy is only eﬀective
when administered to mild cases of H. lepturus scorpion
envenomation.
Similar results were found by Meki and Mohey El-Dean
(13), who demonstrated IL1-b, IL6, Nitric Oxide and a1-antitrypsin values were higher in severe than in mild cases of
scorpionism, suggesting the involvement of proinﬂammatory cytokines and the, so-called, acute phase proteins
in cases with bad prognosis (28). Increasing evidence
suggests a causal relationship between overproduction
of certain cytokines such as IL6 and both morbidity and
mortality associated with critically-ill patients (13, 29).
We found a positive correlation between increased IL6
level and high levels of amylase in patients with moderate severe envenoming. IL6 is the principal mediator of
acute phase protein response and is an excellent marker
of severity of pancreatitis with peak values (3 to 6 times
baseline). IL6 concentration correlates with pancreatitis
severity and predicts its evolution (30, 31) On the other
hand, basic and clinical advances have provided insights
into the molecular events that link inﬂammation with
blood coagulation and thrombosis. TNF-α and IL1 can
elicit tissue factor production intravascularly, and whenever the tissue factor contacts the blood coagulation is
initiated rapidly. IL6 also stimulates platelet formation
with more sensitivity to thrombin activation and with
increased procoagulant activity (32), which perhaps enhances the eﬀect of anti-coagulant scorpion toxins.
In conclusion, we showed that the elevation of plasma
IL-1a, IL-6, and TNF-α in rats envenomed by M. eupeus scorpion venom were correlated with the time after envenomation. These results suggest that the use of polyvalent antivenom at the short time after envenomation can reduce
the elevation of these cytokines after envenomation. As a
corollary, these results indicate that the evaluation of serum levels of these cytokines, may be of prognostic value,
and the early treatment of these patients with antivenom
may have a beneﬁcial eﬀect.
Jundishapur J Health Sci. 2015;7(1):e27159

Razi Jalali M et al.

References
1.

2.

3.

4.

5.

6.

7.

8.
9.

10.

11.

12.

13.

14.

15.
16.
17.

18.

Amaral CFS. Severe scorpion envenomation by Tityus serrulatus
and the systemic inﬂammatory response syndrome (SIRS). Toxicon. 1996;34(1):12.
Meki AR, Mohamed ZM, Mohey El-deen HM. Signiﬁcance of assessment of serum cardiac troponin I and interleukin-8 in scorpion envenomed children. Toxicon. 2003;41(2):129–37.
Sofer S, Gueron M, White RM, Lifshitz M, Apte RN. Interleukin-6 release following scorpion sting in children. Toxicon.
1996;34(3):389–92.
Amaral CF, Barbosa AJ, Leite VH, Tafuri WL, de Rezende NA. Scorpion
sting-induced pulmonary oedema: evidence of increased alveolocapillary membrane permeability. Toxicon. 1994;32(8):999–1003.
Radha Krishna Murthy K. Hematological changes in acute myocarditis due to scorpion envenoming syndrome. Int J Chem LifeSci. 2014;3(2):1274–84.
Porras JL, Rosillo M, Guirado M. Escorpionismo por T. discrepans Estudio restrospectivo 1983-1988. Arch Venez Pueri. Ped.
1994;57:98–105.
Bucaretchi F, Baracat EC, Nogueira RJ, Chaves A, Zambrone FA,
Fonseca MR, et al. A comparative study of severe scorpion envenomation in children caused by Tityus bahiensis and Tityus serrulatus. Rev Inst Med Trop Sao Paulo. 1995;37(4):331–6.
Rossomando A, Rosillo M, Chaco E. Pancreatitis aguda por emponzon amiento escorpio’nico. GEN Venez. 1997;51:259–62.
Jalali A, Pipelzadeh MH, Taraz M, Khodadadi A, Makvandi M,
Rowan EG. Serum TNF-alpha levels reﬂect the clinical severity of
envenomation following a Hemiscorpius lepturus sting. Eur Cytokine Netw. 2011;22(1):5–10.
Gueron M, Yaron R. Cardiovascular manifestations of severe scorpion sting. Clinicopathologic correlations. Chest. 1970;57(2):156–
62.
Freire-Maia L, de Matos IM. Heparin or a PAF antagonist (BN52021) prevents the acute pulmonary edema induced by Tityus
serrulatus scorpion venom in the rat. Toxicon. 1993;31(9):1207–10.
Teixeira CFP, Galante F, Manzoli S, Steil AA, Jancar S. Inﬂammatory
reaction induced by Tityus serrulatus crude venom (TsV) in the
lung of rats. J Venom Anim Toxins. 1997;3(1):11.
Meki AR, Mohey El-Dean ZM. Serum interleukin-1beta, interleukin-6, nitric oxide and alpha1-antitrypsin in scorpion envenomed children. Toxicon. 1998;36(12):1851–9.
Fukuhara YD, Reis ML, Dellalibera-Joviliano R, Cunha FQ , Donadi
EA. Increased plasma levels of IL-1beta, IL-6, IL-8, IL-10 and TNFalpha in patients moderately or severely envenomed by Tityus
serrulatus scorpion sting. Toxicon. 2003;41(1):49–55.
Dinarello CA, Wolﬀ SM. The role of interleukin-1 in disease. N Engl
J Med. 1993;328(2):106–13.
Bellanti JA, Kadlec JV, Escobar-Gutierrez A. Cytokines and the immune response. Pediatr Clin North Am. 1994;41(4):597–621.
Amaral CF, de Rezende NA, Freire-Maia L. Acute pulmonary edema after Tityus serrulatus scorpion sting in children. Am J Cardiol. 1993;71(2):242–5.
Marchant A, Alegre ML, Hakim A, Pierard G, Marecaux G, Fried-

Jundishapur J Health Sci. 2015;7(1):e27159

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.
29.

30.

31.
32.

man G, et al. Clinical and biological signiﬁcance of interleukin-10 plasma levels in patients with septic shock. J Clin Immunol.
1995;15(5):266–73.
Brandtzaeg P, Osnes L, Ovstebo R, Joo GB, Westvik AB, Kierulf P.
Net inﬂammatory capacity of human septic shock plasma evaluated by a monocyte-based target cell assay: identiﬁcation of interleukin-10 as a major functional deactivator of human monocytes. J Exp Med. 1996;184(1):51–60.
D'Suze G, Salazar V, Diaz P, Sevcik C, Azpurua H, Bracho N.
Histopathological changes and inﬂammatory response induced by Tityus discrepans scorpion venom in rams. Toxicon.
2004;44(8):851–60.
D'Suze G, Moncada S, Gonzalez C, Sevcik C, Aguilar V, Alagon A.
Relationship between plasmatic levels of various cytokines, tumour necrosis factor, enzymes, glucose and venom concentration following Tityus scorpion sting. Toxicon. 2003;41(3):367–75.
Abdel-Haleem AH, Meki AR, Noaman HA, Mohamed ZT. Serum
levels of IL-6 and its soluble receptor, TNF-alpha and chemokine
RANTES in scorpion envenomed children: their relation to scorpion envenomation outcome. Toxicon. 2006;47(4):437–44.
Lomonte B, Tarkowski A, Hanson LA. Host response to Bothrops
asper snake venom. Analysis of edema formation, inﬂammatory cells, and cytokine release in a mouse model. Inflammation.
1993;17(2):93–105.
Barraviera B. Systemic inﬂammatory response syndrome in envenoming. Toxicon. 1997;35(1):13–4.
Barbouche MR, Haguiga H, Nouira S, Kriﬁ MN, Abroug F,
Bouchoucha S, et al. Inﬂammatory cytokines and scorpionic
envenomation: analysis of serological levels in 46 Tunisian patients. Toxicon. 1996;34(2):156–7.
Abdoon NA, Fatani AJ. Correlation between blood pressure, cytokines and nitric oxide in conscious rabbits injected with Leiurus quinquestriatus quinquestriatus scorpion venom. Toxicon.
2009;54(4):471–80.
Adi-Bessalem S, Hammoudi-Triki D, Laraba-Djebari F. Pathophysiological eﬀects of Androctonus australis hector scorpion venom:
tissue damages and inﬂammatory response. Exp Toxicol Pathol.
2008;60(4-5):373–80.
Chambers RE, Whicker JT, Dieppe PA. Acute phase proteins and
inﬂammatory disease. Clin Diagn Lab. 1988;1:29–34.
Roumen RMH, Hendriks T, Vander-Ven-Jongekrijg J. Cytokine
patterns in patients after major vascular surgery, hemorrhagic
shock and severe blunt trauma: relation with subsequent adult
respiratory distress syndrome and multiple organ failure. Am
Surg. 1993;218:769–75.
Heath DI, Cruickshank A, Gudgeon M, Jehanli A, Shenkin A, Imrie
CW. Role of interleukin-6 in mediating the acute phase protein
response and potential as an early means of severity assessment
in acute pancreatitis. Gut. 1993;34(1):41–5.
Kingsnorth A. Role of cytokines and their inhibitors in acute
pancreatitis. Gut. 1997;40(1):1–4.
Esmon CT. Possible involvement of cytokines in diﬀuse intravascular coagulation and thrombosis. Baillieres Best Pract Res Clin
Haematol. 1999;12(3):343–59.

5

