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Objectives: To assess the possible use of hyaluronic acid

(HA) and interleukin—6 (IL-6) together as a biochemical
marker of liver damage in mushroom poisoning (MP).
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Methods: We prospectively studied patients with
MP who were admitted to the emergency service,
between April 2005 and April 2007, Samsun,
Turkey. Twenty-seven patients with MP were included
in the study. Serum HA and IL-6 levels of the patients
were determined using enzyme-linked immunosorbent
assay daily for a total of 3 days. Ten healthy adults were
included in the study to serve as controls. The patients
were divided into survivors, and non-survivors.

Results: There was no significant difference between
the patients and controls with respect to serum HA
levels on admission (p>0.05). However, IL-6 levels on
admission were significantly higher in the patients than
the control group (p<0.01). Serum HA and IL-6 levels
on admission, and the following days were significantly
higher in non-surviving patients (n=5) than in surviving
patients (n=22) (p<0.05). There was a significant
correlation between HA and IL-6 (r=0.42, p<0.05) on
admission. The HA concentration was also significantly
correlated with aspartate aminotransferase, alanine
aminotransferase, and creatinine levels during the
observation period. Serum HA and IL-6 levels increased
in non-surviving patients throughout the period of
observation.

Conclusion: Increased serum HA and IL-6 levels are
associated with hepatic damage in acute MP. Hyaluronic
acid may be a useful marker in the assessment of MP-
induced acute liver failure in clinical practice.
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Patients with mushroom poisoning (MP) have a
spectrum of clinical presentations ranging from
mild gastrointestinal symptoms to major cytotoxic
effects resulting in organ failure and death." The
clinical outcomes range from complete recovery to
liver transplantation (LT) requirement as a result
of fulminant hepatic failure (FHF).>®> Therapeutic
options employed to treat MP include: gastrointestinal
decontamination, fluid resuscitation, oral activated
charcoal, antiemetics, intravenous (iv) atropine, iv
benzodiazepines for seizure control, hemoperfusion,
or hemodialysis, mechanical ventilation for respiratory
failure, silibinin, N-acetyl cysteine (NAC), iv benzyl
penicillin and the molecular adsorbent recycling system
(MARS).""* When all of these treatment modalities fail,
LT is the only option.* Serum transaminases, which are
commonly used as markers in assessment of MP begin
to increase 36-72 hours after ingestion of mushrooms
that contain gyromitrin and amatoxin.” Unfortunately,
these well known hepatic markers cannot provide
enough information on the liver damage in the early
phase of liver failure due to MPE such as amatoxin.
Therefore, more useful biochemical markers are
needed to help in assessment of the clinical status of
the patients with MP in emergency clinical practice.
Hyaluronic acid (HA) is an acidic polysaccharide with
high molecular weight. It is detectable in body fluids
and virtually all connective tissues, including the liver,
where it is synthesized mainly by fibroblasts and hepatic
stellate cells.® Elimination of HA from the circulation
is achieved by a specific receptor-mediated mechanism
on hepatic sinusoidal endothelial cells.” During liver
disease, the removal of HA is impaired by the loss of
hepatic sinusoidal cell function. As a result, it has been
suggested that HA may be a useful marker of liver damage
in primary biliary cirrhosis,® major hepatectomy,” and
paracetamol-induced hepatotoxicity.'™!" Interleukin—6
(IL-6) is a pro-inflammatory cytokine that plays an
important role in the host defense mechanism. Serum
IL-6 levels are low in physiological conditions, but
increase considerably in pathological conditions such
as trauma, inflammation, and neoplasia.”? In the
literature, it has been reported that serum IL-6 levels
increase in various liver diseases, such as cirrhosis,'?
chronic hepatitis,'* FHF and acute hepatitis.”>!” Taken
together, HA and IL-6 could be considered as a marker
of hepatic damage in MP. To the aim of this study was
to investigate the possible use of serum HA and IL-6 as
biochemical markers of liver damage in patients with

MP.

Disclosure. 7his work was supported by Ondokuz Mayis
University Research Fund, Samsun, Turkey.

Methods. Patients. Various types of wild mushrooms
containing amatoxins such as amanita phalloides, galerina
autumnalis, grow in our region, and consumption by the
local population is common. We prospectively studied
patients with MP who were admitted to Ondokuz
Mayis University emergency service between April 2005
and April 2007, Samsun, Turkey. Patients who had
ingested wild mushrooms were included in the study.
All patients received full liver intensive care, which
included fluid resuscitation, gastric decontamination,
administration of multiple doses of activated charcoal,
iv benzyl penicillin, and NAC or hemodialysis in the
emergency intensive care unit. Serum HA and IL-6
levels of the patients were studied for a 3-day period.
In addition, blood was taken from' healthy adults to
serve as the normal control group. Routine laboratory
parameters of the patients were also recorded during
the observation period. The local ethics committee
approved the study protocol, and informed consent was
obtained from all patients.

Measurement of serum HA and IL-6. Peripheral
blood samples were collected daily from patients
from indwelling catheters, with the first 1-2 ml
being discarded, or else by venipuncture if no other
access was possible. Blood samples were centrifuged
at 3500 g for 15 minutes. After centrifugation, part
of the sera was used to assess the main parameters of
liver function by routine methods. The remaining
1 mL serum was stored at -80°C until the final
analysis for HA and IL-6 assessments. Measurement
of HA and IL-6 was performed by enzyme-linked
immunosorbent assay (ELISA). The HA serum levels
were assessed by a commercially available HA test kit
(Corgenix Inc., Westminster, CO, USA). Serum IL-6
levels were determined using a commercially available
kit (Quantikine, Human IL-6, R & D Systems,
Minneapolis, MN, USA) in accordance with the
manufacturer’s instructions.

Statistical analysis. For the data obtained in our
study were not normally distributed, we used median
(minimal— maximal) as descriptive statistics and Mann-
Whitney U test to compare the 2 groups, although it
needs data to be normally distributed and it depends
on mean = 2 SEM (95% CI), we also performed
the confidence interval test to compare the groups.
Correlation analysis was performed with Spearman’s
correlation coeflicient test. The daily differences in
IL-6, and HA were evaluated using non-parametric
Friedman variance analyses and Wilcoxon signed rank
test. A p-value less than 0.05 was used to indicate
statistical significance. All statistical calculations were
carried out by using SPSS, for Windows 11.0 (SPSS Inc.
Headquarters, Chicago, IL, USA) software program.
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Table 1 - The initial laboratory tests on admission in patients with
mushroom poisoning.

Parameter Median Normal
(min-max) Range
AST (U/L) 26.0 (13.0-240.7) 8-46
ALT (U/L) 21.6  (9.4-184.1) 7 - 46
Total bilirubin (mg/dl) 0.7 0.1-3.7) 0.1-1.5
Conjugated bilirubin (mg/dl) 0.8 (0.04-2.7) 0.0-0.4
Creatinine (mg/dl) 0.8 (0.5-2.6) 04-14
aPTT (second) 27 (23 -48.1) 22-35
INR 1.1 (0.9 -2.8) 0.8-1.1

AST - serum aspartate aminotransferase, ALT - serum alanine
aminotransferase, aPTT- active partial thromboplastin time,
INR- international normalized ratio

Results. Twenty-seven patients (median age 47
years, min-max 18-66 years; 8M:19F) were studied.
The initial laboratory tests of the study population are
shown in (Table 1). Although reliability of reporting
is often questionable, the median admission time
of the patients to our ED was 7 hours (2-16 hours)
after mushroom ingestion. One patient died, and 4
patients were transferred to other centers for LT. These
patients fulfilled the King’s College Hospital criteria’
for transplantation, and it was assumed that they would
have died otherwise. So, for statistical analysis, they were
grouped with the patients who died."® The remaining
22 patients survived to hospital discharge. There was

Table 2 - Scrial measurement of serum HA (ng/ml) in patients with mushroom poisoning

Patients studied Day 1 Day 2 Day 3

Mean  (range) Mean  (range) Mean  (range)
All patients (n=27) 34.6 (12.5-93.8)* 38.0 (11.9 - 275.3) 41.0 (15.1 - 484.0)
Survivors (n=22) 28.8  (12.5-69.1)* 31.5 (11.9-75.3) 33.0 (15.1 - 68.5)
Non-survivors (n=5) 61.2  (28.2-93.8)t* 156.0  (139.8 - 275.3)* 260.4  (169.8 - 484.0)*
Controls (n=10) 19.2  (11.0-68.0)

All patients on day one have a mean+SD of 35.7 + 3.8° (95% confidence interval of 28.1 - 43.3).
Controls on day one had a mean+SD of 18.2 + 4.3 (95 confidence interval of 9.6 - 26.8).
*p>0.05 compared to control values; 1p<0.05 compared to control values; *p<0.05 compared to survivors.
$p<0.05 compared to control values

Table 3 - Scrial measurement of serum IL-6 (pg/ml) in patients with mushroom poisoning.

Patients studied Day 1 Day 2 Day 3

Mean (range) Mean (range) Mean  (range)
All patients (n=27) 6.2 (2.5-82.5)* 0.2 (3.6 -199.5) 9.5 (3.1-141.5)
Survivors (n=22) 5.6 (2.5-29.6)* 8.1 (3.6 - 31.0) 9.0 (3.1-30.1)
Non-survivors (n=5) 25.5 (5.7 - 82.5)*F 46.5 (12.5-199.5)* 109.1  (54.0-141.5)*
Controls (n=10) 3.1 (2.5-12.1)

All patients on day one have a mean+SD of 12.8 + 3.2% (95% confidence interval of 6.4 - 19.2).
Controls on day one had a mean+SD of 4.3 + 0.9% (95 confidence interval of 2.5 - 6.1).
*p<0.05 compared to control values; Tp<0.05 compared to survivors. *p<0.05 compared to control values

Table 4 - Correlation between serum hyaluronic acid and other

laboratory tests and in serial measurements.

Table 5 - Correlation between serum IL-6 and liver function tests in
serial measurements.

Laboratory tests Day 1 Day 2 Day 3
AST 0.468* 0.652* 0.523*
ALT 0.477* 0.589* 0.545*
Total bilirubin 0.254 0.328 0.445*
Conjugated bilirubin 0.291 0.342 0.490*
aPTT 0.182 0.482* 0.493*
Creatinine (mg/dl) 0.685* 0.584* 0.512*
INR 0.086 0.387* 0.346
1L-6 0.424* 0.228 0.289

AST - serum aspartate aminotransferase, ALT - serum alanine
aminotransferase, aPTT - active partial thromboplastin time, INR
- international normalized ratio, IL-6 - Interleukin—6. *»<0.05 by

calculating Spearman’s correlation coefficient
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Laboratory tests Day 1 Day 2 Day 3
AST 0.104 0.317 0.401*
ALT 0.206 0.402* 0.344
Total bilirubin 0.323 0.729* 0.505*
Conjugated bilirubin 0.084 0.257 0.485*
aPTT 0.601* 0.510* 0.588*
Creatinine 0.171 0.376 0.447*
INR 0.155 0.212 0.419*

AST - serum aspartate aminotransferase, ALT - serum alanine
aminotransferase, aPTT - active partial thromboplastin time, INR
- international normalized ratio. *p<0.05 by calculating Spearman’s

correlation coefficient
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no significant difference between the patients and
controls with respect to serum HA levels on admission.
However, HA on admission was significantly higher in
non-surviving patients than in the surviving patients
and controls (p<0.05) Although no significant difference
was found between the patients and controls with
respect to serum HA levels on admission with Mann
Whitney U test, a statistically significant difference
was found with confidence interval test (Table 2).
Serum IL-6 levels of the patients on admission were
significantly higher than control group (median 3.1
pg/ml, range 2.5-12.1 pg/ml; p<0.01) in both of Mann
Whitney U and confidence interval tests. Moreover,
IL-6 levels on admission were significantly higher in
non-surviving patients than in the surviving patients
(»<0.05) (Table 3). There was a significant correlation
between HA and IL-6 (r=0.42, p<0.05) on admission
as well as between HA and aspartate aminotransferase
(AST) (r=0.47, p<0.05), alanine aminotransferase
(ALT) (r=0.48, p<0.05), and creatinine (r=0.68, p<0.05)
(Table 4). There was a significant correlation between
IL-6 and activated partial thromboplastin time (aPTT)
(r=0.60, p<0.05), but not with any other parameters on
admission (Table 5).

Serial measurements.

Serum HA: The HA concentration significantly
correlated with AST, ALT, aPTT and creatinine levels
throughout the period of observation, but not with
IL-6 on days 2 and 3 (Table 4). There were significant
differences in HA levels between the surviving and
non-surviving patients on days 2 and 3. There was a
statistically significant increase in HA on day 3 after
admission in non-surviving patients (p<0.05) (Table
2). Serum HA levels increased continuously in non-
surviving patients throughout the period of observation
(Figure 1).

Serum IL—6: The IL-6 concentration positively
and significantly correlated with total bilirubin and
aPTT on days 2 and 3 (Table 5). There were significant
differences in IL-6 levels between the surviving and
non-surviving patients on days 2 and 3 (Table 3). There
was a statistically significant increase in IL-6 on day
3 after admission in non-surviving patients (p<0.05).
Serum IL-6 levels increased continuously in non-
surviving patients throughout the period of observation
(Figure 2).

Clinical course. All surviving patients were discharged
from hospital in a median of 3 days (range 2—7 days).
Non-surviving patients, despite exhibiting abnormal
liver function tests, did not become encephalopathic.
In the non-surviving group (n=5), one patient died due
to massive gastrointestinal bleeding during the transfer
to another center for LT on day 4. The other 4 patients

were transferred on day 3. We have learned that one of
them underwent LT and recovered, another 3 patients
died because the appropriate liver was not available in
another center.

Discussion. Mushroom poisoning may present
varying degrees of digestive and hepatic involvement
depending on the type and quantity of the mushrooms
ingested.'® Intoxication with mushrooms containing
amatoxin (amanita, lepiota, and galerina species) may
progress into acute liver failure and finally death.” The
gold standard of treatment for liver failure is LT.?° In
the present study, determination of the exact type of
mushroom was not available. Therefore, diagnoses were
based on the patient’s relevant history, symptoms and
physical examinations. We think the 5 non-surviving
patients in this study might have ingested mushrooms
containing amatoxin.

The HA is cleared very rapidly by the normal liver
with a half-life of 2-5 minutes; thus, very high levels
measured up to 1000 times higher than normal indicate
a profound failure due to impaired production and/or
clearance of HA." The HA clearance systems utilizing
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Figure 1 - Serial serum hyaluronic acid (HA) levels in survivors compared
to non-survivors, median values are shown.
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Figure 2 - Serial serum interleukin—-6 levels in survivors compared to
non-survivors, median values are shown.
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the hyaluronan receptor for endocytosis (HARE) in
lymph nodes and the liver keep the normal steady-state
HA concentration in blood very low.*! The impaired
clearance of HA may therefore be due in part to defects
and/or binding of the HA receptors to sinusoidal
endothelial cells." Decreases in HA uptake and
degradation may be due to endothelial cell injury or to
fibrosis-induced capillarization of sinusoids.? This may
reflect the reduced cell numbers and/or the impaired
liver cell function due to the effects of toxins in patients
with MP. Another possible reason for the increase in
HA is the local release from the liver itself. Ito cells have
the capacity to synthesize large amounts of HA, but its
production appears to be a slow process and is, therefore,
unlikely to account for the rapid elevation of HA in acute
liver failure."" Liver injury induces a wound-healing
response characterized by hepatocyte proliferation,
infiltration of inflammatory cells, and transformation of
perisinusoidal stellate cells into myofibroblasts, which
degrade the sinusoidal extracellular matrix by releasing
matrix-degrading  proteases. Sustained expression
of matrix proteases may provoke the rapid influx of
inflammatory cells.”® Increases in HA production may
be caused by the induction of Ito cell proliferation,
and the synthesis of extracellular matrix components
by inflammation via cytokines.” In the present study,
serum HA increases at early stage of acute hepatic
failure, rising continuously as a liver damage progress
in MP. We showed that HA levels on admission and
the following days were significantly higher in non-
surviving patients compared to those who survived.
There was a statistically significant increase in HA on
day 3 after admission in non-surviving patients. In
addition, during the observation, we found that the HA
concentrations were significantly correlated with hepatic
transaminases and creatinine, which are commonly
used for clinical monitoring. Similar to our results,
Williams et al'® reported that HA was a marker of liver
damage in patients who have ingested paracetamol, as it
correlates with standard markers of liver function. They
also reported that the admission time was 3 days after
paracetamol ingestion and HA levels had peaked on day
2 after admission. Similarly, Bramley et al'' indicated
that HA levels in patients who had liver damage due to
paracetamol intake could elevate up until the seventh
day, thereafter decreasing. In our study, the median
admission time to ED was 7 hours and HA levels
were higher in day 3 in non-survivors. Therefore, it is
possible that HA may have risen to even higher levels
after the third day in non-survivors. Further, studies
are needed to determine the serum HA levels in MP
after the third day. Elevated HA levels in patients with
hepatic encephalopathy due to acute hepatic failure
in paracetamol overdose were previously reported.'
However, Williams et al'® were unable to show a relation
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between HA levels and grade of hepatic encephalopathy
in paracetamol overdose. In our study, patients with
acute hepatic failure had elevated HA levels without
encephalopathy. The IL-6 is a pleiotropic cytokine that
stimulates a variety of cell types, including hepatocytes,
and also modulates the hepatic expression of acute-
phase proteins during inflammation. The IL-6 increases
in patients with FHE, acute hepatitis,'*'® and alcoholic
liver disease.?” Apart from its role in inflammation, IL-6
is an essential cytokine involved in liver regeneration.?
It is considered to be a hepatoprotective factor by
stimulating hepatocyte proliferation.” In our study,
IL-6 was used as a marker of inflammation. We found
that serum IL-6 levels were increased continuously
in non-surviving patients. However, no correlation
was observed between IL-6 and standard parameters
except for aPTT throughout the observation period.
Furthermore, there was no significant correlation
between increased HA and IL-6 in the patients on
days 2 and 3, suggesting that a number of factors are
involved in the production and clearance of HA. Thus,
IL-6 can not be used as an early prognostic marker in
MP. However, almost all the parameters were correlated
with IL-6 on day 3. It is possible that the increased
serum IL—6 levels observed in patients with severe MP
represent a protective response to severe hepatic injury.
The relationship of HA to increased IL-6 production due
to MP needs to be investigated in larger series. According
to our results, HA is clearly a marker of liver damage in
patients with MP as it correlates with standard markers
of liver function. In patients who have developed liver
damage due to MP, immediate preparations should
be made to transfer patients to the closest facilities
equipped for LT. This is especially important for MP
with late admission to the ED. The life-saving role of
LT in FHF secondary to MP should be considered as
soon as possible.” This preliminary study needs to be
extended to a large group of patients to evaluate the
potential value of HA as a criterion marker for LT
in MP—induced FHE In their study, Williams et al'
observed a considerable decrease in the post-transplant
serial HA levels of the patients who had undergone LT
due to hepatic failure caused by paracetamol poisoning.
We think that determination of HA levels may also be
beneficial in the follow-up of patients after LT in MP.
Further evaluation is needed.

Study limitation. In patients who developed acute
hepatic failure because of MP, a progressive increase
in HA, and IL-6 levels up to 3 days was observed.
Unfortunately, we could not determine the serum levels
of HA and IL-6 thereafter. Thus, serum levels of these
markers on the following days should be evaluated.
The prognostic value of HA levels in patients with MP
was found to be limited, and is unlikely to have any
advantage over standard markers of liver function. Our
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study was limited by the small sample size; prospective
and controlled studies involving larger numbers of
mushroom-poisoned patients are needed.

According to the presented data, serum HA increases
atan early stage of acute liver failure, rising continuously
asliver damage progresses in MP. Additionally, because of
its significant correlation with the conventional markers
of liver function, serum HA concentrations should be
considered an important marker for clinical monitoring
of liver damage in patients with MP admitted to the ED
or intensive care unit.

Acknowledgment. 7he authors thank Dr. Ahmer Tevftk Sunter

Jfor his valuable statistical advice.

References

1. Diaz JH. Syndromic diagnosis and management of confirmed
mushroom poisonings. Crit Care Med 2005; 33: 427-436.

2. Broussard CN, Aggarwal A, Lacey SR, Post AB, Gramlich T,
Henderson JM, et al. Mushroom poisoning--from diarrhea
to liver transplantation. Am J Gastroenterol 2001; 96:
3195- 3198.

3. Ozcay E Baskin E, Ozdemir N, Karakayali H, Emiroglu R,
Haberal M. Fulminant liver failure secondary to mushroom
poisoning in children: importance of early referral to a liver
transplantation unit. Pediatr Transplant 2006; 10: 259-265.

4. ShiY, He J, Chen S, Zhang L, Yang X, Wang Z, et al. MARS:
Liver 2002; 22: 78-80.

5. Brayer AF, Schneider SM. Mushroom poisoning. In: Tintinalli
JE, Kelen GD, Stapczynski JS, editors. Emergency medicine.
A comprehensive study guide. 6th edition. New York (NY):
McGraw-Hill; 2004. p. 1242-1246.

6. Gressner AM, Bachem MG. Cellular sources of noncollagenous
matrix proteins: role of fat-storing cells in fibrogenesis. Semin
Liver Dis 1990; 10: 30-46.

7. Lindqvist U. Is serum hyaluronan a helpful tool in the
management of patients with liver diseases? J Intern Med 1997;
242: 67-71.

8. Plevris JN, Haydon GH, Simpson KJ, Dawkes R, Ludlum CA,
Harrison DJ, et al. Serum hyaluronan- a non-invasive test for
diagnosing liver cirrhosis. Eur J Gastroenterol Hepatol 2000;
12: 1121-1127.

9. Yachida S, Wakabayashi H, Kokudo Y, Goda F, Okada S, Maeba
T, et al. World J Surg 2000; 24: 359-364.

10. Williams AM, Langley PG, Osei-Hwediah J. Hyaluronic
acid and endothelial damage due to paracetamol-induced
hepatotoxicity. Liver Int 2003; 23: 110-115.

11. Bramley PN, Rathbone BJ, Forbes MA, Cooper EH, Losowsky
MS. Serum hyaluronate as a marker of hepatic derangement in
acute liver damage. J Hepatol 1991; 13: 8-13.

12. Soresi M, Giannitrapani L, D’Antona F, Florena AM, La Spada
E, Terranova A, et al. Interleukin—6 and its soluble receptor
in patients with liver cirthosis and hepatocellular carcinoma.
World ] Gastroenterol 2006; 12: 2563-2568.

13. Genesca J, Gonzalez A, Segura R, Catalan R, Marti R, Varela
E, et al. Interleukin—6, nitric oxide, and the clinical and
hemodynamic alterations of patients with liver cirrhosis. Am J
Gastroenterol 1999; 94: 169-177.

14. Malaguarnera M, Di Fazio I, Romeo MA, Restuccia S, Laurino
A, Trovato BA. FElevation of interleukin 6 levels in patients
with chronic hepatitis due to hepatitis C virus. J Gastroenterol
1997; 32: 211-215.

15. Sekiyama KD, Yoshiba M, Thomson AW. Circulating
proinflammatory cytokines (IL-1 beta, TNF-alpha, and
IL-6) and IL-1 receptor antagonist (IL-1Ra) in fulminant
hepatic failure and acute hepatitis. Clin Exp Immunol 1994;
98: 71-77.

16. Wigmore SJ, Walsh TS, Lee A, Ross JA. Pro-inflammatory
cytokine release and mediation of the acute phase protein
response in fulminant hepatic failure. Intensive Care Med
1998; 24: 224-229.

17. Sun'Y, Tokushige K, Isono E, Yamauchi K, Obata H. Elevated
serum interleukin—6 levels in patients with acute hepatitis. J
Clin Immunol 1992; 12: 197-200.

18. Unluoglu I, Tayfur M. Mushroom poisoning: an analysis of
the data between 1996 and 2000. Eur J Emerg Med 2003; 10:
23-26.

19. Diaz JH. Evolving global epidemiology, syndromic classification,
general management, and prevention of unknown mushroom
poisonings. Crit Care Med 2005; 33: 419-426.

20. Ganzert M, Felgenhauer N, Zilker T. Indication of liver
transplantation following amatoxin intoxication. J Heparol
2005; 42: 202-209.

21. Weigel JA, Raymond RC, McGary C, Singh A, Weigel PH. A
blocking antibody to the hyaluronan receptor for endocytosis
(HARE) inhibits hyaluronan clearance by perfused liver. J Biol
Chem 2003; 278: 9808-9812.

22. Lindqvist U, Westerberg G, Bergstrom M, Torsteindottir I,
Gustafson S, Sundin A, et al. Hyaluronan uptake with positron
emission tomography in liver disease. Eur J Clin Invest 2000;
30: 600-607.

23. Bansal MB, Kovalovich K, Gupta R, Li W, Agarwal A, Radbill B,
et al. Interleukin—6 protects hepatocytes from CCl4-mediated
necrosis and apoptosis in mice by reducing MMP-2 expression.
J Hepatol 2005; 42: 548-556.

24. Fraser JR, Laurent TC, Laurent UB. Hyaluronan: its
nature, distribution, functions and turnover. J Intern Med
1997; 242: 27-33.

25. Hill D, Marsano L, Cohen D, Allen J, Shedlofsky S, McClain
CJ. Increased plasma interleukin—6 concentrations in alcoholic
hepatitis. J Clin Immunol 1992; 119: 547-552.

26. Migita K, Abiru S, Maeda Y, Daikoku M, Ohata K, Nakamura
M, et al. Serum levels of interleukin—6 and its soluble receptors
in patients with hepatitis C virus infection. Hum Immunol

2006; 67: 27-32.

Saudi Med J 2009; Vol. 30 (5) 661

WWW. Smj.org.sa



