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Figure 4. Variation of electron temperature with electric field

strengths for different modulation indices for Q = 0.03 rad sec™".

of constant amplitude is seen to increase with enhanced
heating of the filamentary solar plasma. The electron tem-
perature is found to increase with increasing amplitude of
the high frequency waves and is also affected by the
changing index of amplitude modulation of long-period
waves.

The present analysis clearly shows that the high fre-
quency electromagnetic radiations, at times, could be
modulated by the long-period p-mode oscillations associ-
ated with the growing filamentary solar magnetic flux
tubes. Careful recording of the high frequency signal
strength over a long period is required for ascertaining its
origin in the sunspot regions. The modulation of high fre-
quency waves by long-period oscillations can be best seen
by time compression of the long-period modulation. The
depth of modulation index of high frequency signal is
governed by the varying solar conditions and has inbuilt
potential for diagnostic studies of sunspot processes.
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This paper provides a scientific basis for a unified
standard of the reference value of healthy young peo-
ple’s haematocrit in China. It studies the relationship
between the reference values of healthy young peo-
ple’s haematocrit, tested according to the Wintrobe
Laws and five geographical factors. It is found that
the altitude is the most important factor affecting this
reference value. As the altitude gradually increases,
the reference value also increases, the relationship is
quite significant. By using the method of stepwise reg-
ression analysis, two multivariate regression equations
are deduced. If the geographical index values in a par-
ticular area in China are known, the reference value
of haematocrit in this area can be established by
means of the regression equations. Furthermore, China
can be divided into six districts: Qingzang, South-
west, North-west, South-east, North and North-east.

HAEMATOCRIT is an important index of haemorheology.
At present, it is difficult to achieve accuracy in clinical
practice, because of the lack of a unified standard of the
reference value of young people’s haematocrit in China.
Many researchers have measured the reference value
(Wintrobe) of local young people’s haematocrit'™. No
reports on the relationship between this reference value
and geographical factors were found. By means of corre-
lation and stepwise regression analysis, research on this
relationship has showed that there are certain regular pat-
terns between the reference value of young people’s
haematocrit and geographical factors.

*For correspondence. (e-mail: gemiao@snnu.edu.cn)
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The reference values of healthy young people’s haema-
tocrit from various administrative units (hospitals, res-
earch institutes and universities) have been collected in
China. It includes the reference values of 13,818 young
men, tested in 200 units and those of 8486 young women,
tested in 133 units. The ages of the volunteers range from
18 to 25 years. It is a mean value of young people’s
haematocrit in each area, the reference values of young
men’s haematocrit range from 39 to 68%, and those of
young women’s range from 33 to 60%. 40 180 random
samples have been studied in every area. These units are
located in 33 provinces, cities, special administrative
regions and autonomous regions in China, excluding
Taiwan province. The reference value of young people’s
haematocrit was determined according to Wintrobe™. In
this routine method, 2.5 ml venous blood was collected in
an anticoagulant (heparin) test tube. After that, the mixture
was stirred slightly and absorbed into Wintrobe test tube
up to the ‘10’ graduation, without any air bubbles. Then
the tube was centrifuged for 30 min at 2300 g, after which
the reference value of young people’s haematocrit was read.

The geographical factors come from relevant geogra-
phical works and dictionaries**". Geographical factors
selected include altitude (0 to 5500 m), annual sunshine
hour (1000 to 3600 h), relative humidity (30 to 85%),
annual average temperature (— 10 to 26°C) and annual
precipitation (30 to 2500 mm).

By using the method of mathematical correlation analy-
sis”!, single correlation coefficients between the reference
value of young people’s haematocrit and five geographi-
cal factors can be calculated (Table 1).

By using the method of stepwise regression analysis,
two regression equations are given according to the refe-
rence value of young people’s haematocrit and geographi-
cal factors:

?1 =42.6 + 0.00340X, + 0.0494X; — 0.124X, + 7.3,

Y,=43.7+0.00213X,-0.350X, + 0.00151X;s + 4.8.

In the above equations, I}l is the reference value of
young men’s haematocrit (%); ¥, is the reference value of
young women’s haematocrit (%); X, is altitude (m); Xj; is
the relative humidity (%); X, is the annual average
temperature (°C); and X5 is the annual precipitation (mm).
7.3 and 4.8 are the value of 1.96 standard deviations,
respectively’”.

For both sexes, the predictors in the above two regres-
sion equations showed statistically significant association
with haematocrit, based on F-test.

From single correlation coefficients, it is found that the
reference value of young people’s haematocrit increases
with altitude; the correlation is quite significant and the
relation is the closest. With the increase in the annual sun-
shine hour, this reference value also increases; the corre-
lation is quite significant, but the relation is the slightest.
The reference value of young people’s haematocrit
decreases with increase in relative humidity, increase in
annual average temperature, increase in annual precipita-
tion; the correlation is quite significant. From this analy-
sis, it can be concluded that altitude is the main factor
affecting the reference value. As altitude rises, the air
becomes thinner and thinner, and the oxygen content
gradually reduces. In response to the lack of oxygen, the
amount of red blood cells in the human body gradually
increases. It induces an increase in the reference value of
young people’s haematocrit™.

If geographical factors of a particular area are known in
China, the reference values of young people’s haematocrit
in this area can be calculated according to the regression
equations. For example, in the Beijing area, the altitude is
31.2 m, the relative humidity is 60.0%, the annual average
temperature is 11.5°C, the annual precipitation is 644.2 mm.
By means of the regression equations, the following can
be calculated:

I}l =42.6 +0.00340 x 31.2 + 0.0494 x 60.0
—-0.124 x11.5+£73=442+73,

1}2 =437 +0.00213 x 31.2 - 0.350 x 11.5
+0.00151 x 644.2+ 4.8 =40.7+4.8.

Hence the calculated reference value of young people’s
haematocrit can be obtained, the value for young men is
44.2 +7.3%:; that for young women is 40.7 + 4.8%. It has
been found that the reference value in the case of men is
higher than that of women.

The topographical outline of China is a three-step,
west-east staircase. It is high in the western area and low
in the eastern area. It begins with the Qingzang plateau,
which is about 4000 m above sea level. Crossing the
Kunlun and Qilian ranges on the plateau’s northern edge
and the Hengduan Mountains on its eastern edge, the land

Table 1. Correlation coefficient of hematocrit with selected geographical factors
Men Women
Variable (n =200) P value (n =133) P value
Altitude 0.882 <0.01 0.906 <0.01
Annual sunshine hour 0.577 <0.01 0.516 <0.01
Relative humidity -0.702 <0.01 -0.679 <0.01
Annual average temperature -0.831 <0.01 -0.870 <0.01
Annual precipitation -0.626 <0.01 —0.601 <0.01
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slopes away to highlands and basins mostly from 2000 to
1000 m above sea level; then it descends further eastward
to hilly regions and plains mostly below 500 m. With the
gradual reduction of annual sunshine hours in a north-
west-southeast direction, the annual average temperature
gradually rises from north to south, and the relative humi-
dity and annual precipitation gradually increase in a
northwest-southeast direction. The population is much
denser in the eastern area than in the western area.

According to the similarity of the reference value of
young people’s haematocrit and taking the altitude as the
main differentiating factor, China can be divided into
three parts, namely the eastern part, the middle part and
the western part. Furthermore, on the basis of altitude,
referring to distribution of population density and other
geographical factors, we can divide three districts in the
eastern part (South-east, North and North-east districts),
two districts in the middle part (South-west and North-
west districts), and one district in the western part (Qing-
zang district).

The Qingzang district includes the Tibet Autonomous
Region and Qinghai Province. In the Lhasa area, for
example, the altitude is 3658.0 m, the relative humidity is
45.0%, the annual average temperature is 7.5°C and the
annual precipitation is 454.0 mm. Using the regression
equations, the reference value of young people’s haema-
tocrit can be obtained; the reference value for men is
56.3 + 7.3% and that for women is 49.5 + 4.8%.

The South-west district includes Sichuan Province,
Chongging City, Guizhou Province and Yunnan Province.
In the Guiyang area, the altitude is 1071.2 m, the relative
humidity is 79.0%, the annual average temperature is
15.3°C and the annual precipitation is 1174.7 mm. The
reference value of young men’s haematocrit is 48.2 +
7.3% and that of young women is 42.4 + 4.8%.

North-west district includes Shaanxi Province, Gansu
Province, the Xinjiang Uighur Autonomous Region, the
Ningxia Hui Autonomous Region, the Inner Mongolia
Autonomous Region and Shanxi Province. In the
Yinchuan area, the altitude is 1111.5 m, the relative humi-
dity is 59.0%, the annual average temperature is 8.5°C
and the annual precipitation is 202.8 mm. The reference
value of young men’s haematocrit is 48.2 + 7.3% and that
of young women is 43.4 + 4.8%.

The South-east district includes Taiwan Province,
Hainan Province, Guangdong Province, Hongkong Spe-
cial Administrative Region, Macao Special Administra-
tive Region, the Guangxi Zhuang Autonomous Region,
Shanghai city, Jiangsu Province, Zhejiang Province,
Anhui Province, Fujian Province, Jiangxi Province,
Hunan Province and Hubei Province. In the Nanchang
area, for example, the altitude is 46.7 m, the relative
humidity is 77.0%, the annual average temperature is
17.5°C and the annual precipitation is 1596.4 mm. The
reference value of young men’s haematocrit is 44.4 +
7.3% and that of young women’s is 40.1 + 4.8%.
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The North district includes Beijing City, Tianjin City,
Hebei Province, Shandong Province and Henan Province.
In the Beijing area, the altitude is 31.2 m, the relative
humidity is 60.0%, the annual average temperature is
11.5°C and the annual precipitation is 644.2 mm. The
reference value of young men’s haematocrit is 44.2 +
7.3% and that of young women’s is 40.7 + 4.8%.

The North-east district includes Liaoning Province,
Jilin Province and Heilongjiang Province. In the Chang-
chun area, the altitude is 236.8 m, the relative humidity is
65.0%, the annual average temperature is 4.9°C and the
annual precipitation is 593.8 mm. The reference value of
young men’s haematocrit is 46.0 £ 7.3% and that of
young women is 43.4 + 4.8%.

1. Zhang Yuming, Jiang Xinquan and Lu Xiumei, Chin. J. Hematol.,
1992, 13, 312-313 (in Chinese).
2. Yang Dafang, Wan Zhen and Zhong Pin, Chin. J. Med. Lab.
Techno., 1989, 12, 52-53 (in Chinese).
3. Shi Yongde, Zheng Zhixue and Liang Zijun, J. Gerontol., 1988, 8,
241 (in Chinese).
4. Cheng Peifen, Zhang Tingjie and Zhang Shuqiong, Shanghai J.
Med. Lab. Sci., 1993, 8, 7-9 (in Chinese).
5. Sun Zhixin, Yun Shouquan and Pan Weihong, Qinghai Med. J.,
(Supplement), 1983, 13, 61-67 (in Chinese).
6. Yan Yibin, Li Yuxin and Sun Liquan, Ningxia Med. J., 1989, 11,
141-143 (In Chinese).
7. Xie Chengfan, Qinghai Med. J., (Supplement), 1985, 15, 59-92
(in Chinese).
8. Liu Xin, Tian Yugqin and Luo Li, Gansu Med. J., 1987, 6, 23-25
(in Chinese).
9. Shan Yunzhu, Pei Aiping and Yang Weiwei, J. Tianjin Med. Coll.,
1989, 13, 33-35 (in Chinese).
10. Yang Louchun, Chen Bohang and Li Yunchen, Tianjin Med. J.,
1992, 20, 214-216 (in Chinese).
11. He Zuoyun, Yi Cuie and Ding Qiuhua, Chongging Med. J., 1993,
22, 3-5 (in Chinese).
12. Dong Youzhong, Guizhou Med. J., 1982, 6, 9—10 (in Chinese).
13. Sun Zhixin, Yun Shouquan and Pan Weihong, J. High Altitude
Med., 1994, 4, 7-10 (in Chinese).
14. Zhang Qi and Chen Qiuhong, Qinghai Med. J., (abstract), 1981, 4,
71 (in Chinese).
15. Zhong Shixiang, J. High Altitude Med., 1995, 5, 62 (in Chinese).
16. Wang Zhiyi, Xia Shu and Zhang Yinhu, J. Shaanxi New Med.,
1985,14, 1215 (in Chinese).
17. Ding Xuemin, Gu Miaozhen and Li Weifu, J. Hengyang Med. Coll.,
1985, 2, 29-34 (in Chinese).
18. Wang Tianyou, Li Jiangbin and Yin Changning, J. Shihezi Med.
Coll., 1989, 11, 23-25 (in Chinese).
19. Ding Pin and Yang Yong, Shaanxi J. Medical Laboratory Sci-
ences, 1996, 11, 5657 (in Chinese).
20. Gan Weixiao, Fan Yuxiang and Zhang Xizhou, Lanhou Hyg. J.,
1989, 10, 9-10 (in Chinese).
21. Gan Weixiao, Fan Yuxiang and Zhang Xizhou, Chin. J. Appl.
Physiol., 1990, 6, 94-95 (in Chinese).
22. Su Fangzhong, Li Jianzhang and Wang Hongxiang, J. Henan Med.
Univ., 1988, 23, 234-238 (in Chinese).
23. Liu Xiaoling, Wang Jing and Chai Xiaoling, Med. Vol. Hubei Sci.
Technol. Intelligence, 1984, 2, 3—6 (in Chinese).
24. Song Yiting, Gu Kai and Liu Caiying, Internal Mongolia Med. J.,
1984, 4, 179-180 (in Chinese).
25. Zhao Fengru, Liu Chunxiang and Yu Mingfang, Chongging Med.
J., 1987, 16, 4-5 (in Chinese).

69



RESEARCH COMMUNICATIONS

26. Zhao Renzi, Pu Liqun and Ou Zhouluo, Shaanxi Med. J., {Abs-
tract), 1989, 18, 52 (in Chinese).

27. Liu Qing, Dong Youzhong and Huang Shunmin, J. Guiyang Med.
Coll., 1996, 21, 304-306 (in Chinese).

28. Liu Yugqin, Zhang Weixing and Liu Xianxi, J. Jining Med. Coll.,
1988, 11, 7-10 (in Chinese).

29. Li Guodong, Tibetan J. Med., 1981, 1, 29-38 (in Chinese).

30. Zhang Ruixiang, Shao Yusan and Li Fudao, J. Qinghai Med.
Coll., 1981, 3, 18-22 (in Chinese).

31. Zhang Ruixiang, Bai Baocheng and Li Pengtu, J. Qinghai Med.
Coll., 1987, 2, 9-14 (In Chinese).

32. Zhang Ruixiang, Li Pengtu and Kong Fanjian, J. Qinghai Med.
Coll., 1987, 2, 89-91 (In Chinese).

33. Zhang Ruixiang, Li Pengtu and Kong Fanjian, J. Qinghai Med.
Coll., 1987, 2, 89—105 (in Chinese).

34. Xu Lan, Shanghai J. Med. Lab. Sci., 1998, 13, 123 (in Chinese).

35. Yang Chun, Xu Hanlin and Lei Yifan, Chin. J. Hemorheol., 1992,
2, 23-25 (in Chinese).

36. Xu Weiqin and Meng Xianjun, ibid, 1993, 3, 32-33 (in Chinese).

37. Ding Ming and Xu Biao, ibid, 1993, 3, 43—46 (in Chinese).

38. Du Zhimin, Liu Chongli and Yu Zhangjiang, ibid, 1993, 3, 33 (in
Chinese).

39. Xu Shuhua, Li Jian and Zhang Songyan, ibid, (Supplement), 1994,
4, 94-98 (in Chinese).

40. Lei Futian and Liu Lianzhi, ibid, (Supplement), 1994, 4, 153-154
(in Chinese).

41. Gong Qinhua and Huang Xuefang, ibid, 1996, 6, 52-53 (in Chi-
nese).

42. Lu Yao and Liu Juanying, ibid, 1997, 7, 21-23 (in Chinese).

43. Wei Xiuqi and Yu Hui, ibid, 1998, 8, 152—153 (in Chinese).

44. Wei Lihua, Gao Zongying and Ma Aiguo, ibid, 1999, 9, 49-51 (in
Chinese).

45. Du Zhimin, Liu Chongli and Zheng Yongmei, J. Microcir. Tech-
nol., 1994, 2, 134-135 (in Chinese).

46. Zhong Shixiang, J. Microcir. Technol, 1995, 3, 176 (in Chi-
nese).

47. Yang Chune, Yang Yi and Qiu Xianghong, The Normal references
Value of Hemorheology of Healthy People in Harbin Area, Chi-
nese Scientific Technology Press, Beijing, 1995, pp. 205-206.

48. Qin Renjia, Hemorheology and its Medical Application, Guangxi
Normal University Press, Guilin, 1996, pp. 46—152 (in Chinese).

49. Yan Chongnian, Yan Jihe and Song Junling, The Big Dictionary of
Cities and Counties in China, Chinese Central Communist Party
School Press, Beijing, 1991, pp. 1-1446 (in Chinese).

50. Zhao Ji, Chen Yongwen and Han Yuanfen, China Natural Geo-
graphy, High Educational Press, Beijing, 1995, pp. 1-110 (in Chi-
nese).

51. Zhang Chao and Yang Binggeng, Basic Theory of Metrological
Geography, High Educational Press, Beijing, 1991, pp. 86—129 (in
Chinese).

52. Zhou Shikai, Yan Yueshu and Yang Tianzhong, Science of
Hygiene Statistics, People’s Hygiene Press, Beijing, 1993, pp. 7—
31 (in Chinese).

53. Ge Miao, Yan Yan, Guo Cailing, Ma Jinfu and Huang Ping, Clin.
Hemorheol. Microcirc., 1999, 20, 151-157 (in English).

ACKNOWLEDGEMENTS. This paper is supported by the National
Natural Science Foundation of China (49771007). We wish to ack-
nowledge Pei Shuxuan, Sun Zhixing, Liu Chongli, Li Weiping, Song
Yushu, Du jinlong, Yang Zejun, Zu Rensheng, Li Pingping, Xin Rinjia,
Gao Zhongfang, Zhu Xinzhi and Zhao Renzhi for providing infor-
mation.

Received 13 July 2000; revised accepted 6 October 2000

70

Analysis of drug susceptibility in Myco-
bacterium tuberculosis isolated from
Thiruvananthapuram using Alamar
Blue assay

R. Ajay Kumar*, K. Laiza Paul*, R. Indulakshmi*,
Y. K. Manju*, K. Vinod Kumar', P. Ayyappan”,
M. Joshi' and Sathish Mundayoor**

*Rajiv Gandhi Centre for Biotechnology, Jagathy, Thycaud PO.,
Thiruvananthapuram 695 014, India

TDepartment of Respiratory Medicine, Medical College,
Thiruvananthapuram 695 011, India

#Chest Diseases Unit, Taluk Hospital, Neyyattinkara,
Thiruvananthapuram 695 121, India

Tuberculosis (TB) is caused by Mycobacterium tuber-
culosis and the control of the disease is hampered by
widespread emergence of drug resistance in this
pathogen. An early information on drug susceptibility
would greatly facilitate an effective treatment of TB.
Seventy-eight isolates of M. tuberculosis were obtained
from TB patients from Thiruvananthapuram over a
period of about 18 months. Resistance and susceptibi-
lity of these isolates to four frontline drugs were
assayed using Alamar Blue, an oxidation—reduction
dye. Thirty-six per cent of the isolates were susceptible
to all the four drugs used, 21.8% were resistant to
isoniazid, 8.9% to ethambutol and 2.6% to rifampicin.
None was found resistant to streptomycin alone.
Multidrug resistance (resistance to at least rifampicin
and isoniazid) was found in 7.7% of the isolates. The
remaining ones were resistant to combinations of two
or more of the drugs. Alamar Blue-based assay pro-
mises to be an economical and fast method to deter-
mine drug susceptibility and resistance of M.
tuberculosis to aid effective drug therapy.

AMONG the world’s adult population, tuberculosis (TB) is
the foremost cause of death from a single infectious
agent'. In 1993 the World Health Organization declared
TB as a global health emergency’ and estimated that
about three million people die of TB every year in the
world, with about one-sixth of the deaths occurring in
India. Human Immunodeficiency Viral (HIV) infection
has been shown to increase the risk of developing
tuberculosis. TB used to be completely curable by anti-
TB drugs. Due to a variety of reasons’, however, strains
resistant to one or more of these drugs have emerged all
over the world. In fact, multidrug-resistant (MDR) TB is
the major hurdle in the TB control programmes. Global
surveillance of drug resistance has been proposed as a
means of augmenting databases of drug-resistant
Mycobacterium tuberculosis isolates to help the deve-
lopment of future programme policy recommendations”.
The widely followed Directly Observed Therapy, Short-
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